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Abstract – The effects of untreated and treated olive mill wastewater on seed germination, plant growth and soil fertility were studied. Tomato
(Lycopersicon esculentum), chickpea (Cicer arietinum), bean (Vicia faba), wheat (Triticum durum) and barley (Hordeum vulgare) were tested
for the germination index and growth in soil irrigated by olive mill wastewater. Lepidium sativum was used as the standard species for the
germination index and phytotoxicity evaluation. We measured soil properties, crop growth, herbage biomass, leaf elongation and productivity.
The results show beneficial effects using treated olive mill wastewater. The treated plants showed an improvement in seed biomass, spike
number, plant growth, and a similar or even better dry productivity than plants irrigated with water, e.g. Hordeum vulgare 102%, Triticum
durum 105%, Cicer arietinum 101% and Vicia faba 102%. An increase in the germination index from 100% to 115% was observed. Soil organic
matter, respiration and enzymatic activities were also enhanced by treated olive mill wastewater ferti-irrigation. However, even diluted 10 times,
untreated olive mill wastewater inhibited the species germination, e.g. 1.2% for Hordeum vulgare and 40% for Cicer arietinum and Vicia faba,
and plant growth (16–42.5%). Leaf necrosis and low productivity were observed in crops ferti-irrigated by untreated olive mill wastewater.

olive mill wastewater / germination index / phytotoxicity / crop growth / soil fertility

1. INTRODUCTION

The olive oil extraction process produces huge amounts of
liquid waste called olive mill wastewater (OMW). Large
amounts of OMW are produced in the Mediterranean region,
an area that accounts for 95% of the total olive oil production
worldwide (Sayadi et al., 2000; Hytiris et al., 2004). The annual
production of OMW in these countries reached 30 million cubic
metres (D’Annibale et al., 2004). This waste contains an enor-
mous supply of organic matter, chemical oxygen demand (COD)
between 40 and 210 g dm–3 and biochemical oxygen demand
(BOD5) between 10 and 150 g dm–3 (Feria, 2000). The uncon-
trolled disposal of OMW may cause serious environmental pol-
lution with unforeseeable effects on the soil-plant system in
olive-producing areas (Capasso et al., 1992; Rana et al., 2003).
Fortunately, some characteristics of this material are favoura-
ble for agriculture since this effluent is rich in organic matter,
N, P, K and Mg (Casa et al., 2003; Rinaldi et al., 2003). Con-
sequently, an increasing interest has been shown in spreading
OMW on agricultural lands to recycle the organic matter and
fertilise the soil. Indeed, research has found that this method
of disposing of OMW constitutes a potential solution for this
problem. In this perspective, several studies found a positive
effect of OMW on soil fertility and crop growth (Vassilev et al.,
1998; Casa et al., 2003; Cereti et al., 2004; Paredes et al., 1999,
2005). Furthermore, it was demonstrated that when incorpo-
rated or applied as a mulch, OMW could favourably affect the
soil balance by reducing evapo-transpiration (Feria, 2000).

Rinaldi et al. (2003) indicated that OMW spreading does not
result in heavy metal accumulation in the soil. Therefore, they
considered that its environmental pollution risk was low. How-
ever, recent studies found that the addition of unprocessed
OMW causes significant shifts in the structure and function of
microbial communities which in turn influences the soil fertil-
ity (Cox et al., 1998; Sierra et al., 2001; Mekki et al., 2006).
Moreno et al. (1987) warmed that OMW application causes
serious environmental problems due to its antibacterial effects
and its phytotoxicity. Therefore, research has not yet reached
a consensus about the effects of this by-product of olive treat-
ment. Hence, it seems imperative that further detailed studies
be done. 

For this purpose, this work, built on previous studies in the
same laboratory (Dhouib et al., 2006; Mekki et al., 2006),
attempted to assess the benefits of reusing treated OMW in
ferti-irrigation. A comparison of its effects with those of the
application of untreated OMW on seed germination, plant
growth and soil fertility was undertaken.

2. MATERIALS AND METHODS

2.1. Origin of olive mill wastewater

The fresh olive mill wastewater was taken from a three-
phase discontinuous extraction factory located in Sfax, Tunisia.
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2.2. Biological treatment of olive mill wastewater

The treated olive mill wastewater was obtained with an inte-
grated process based on aerobic fungal pre-treatment using
Phanerochaete chrysosporium DSMZ 6909 followed by a
decanting step, then anaerobic digestion (Sayadi and Ellouz,
1995).

2.3. Plot distribution and crops cultivated

The experiments were carried out in a field located in Sfax,
Tunisia. The field was subdivided into different plots which
were distributed according to the Latin square standard method
(Dagnelie, 2003). 16 plots were irrigated with untreated olive
mill wastewater at 100 m3 ha–1, 16 plots were irrigated with
treated olive mill wastewater at 400 m3 ha–1 and 16 plots were
irrigated with water and served as control. The quantity of olive
mill wastewater used for the irrigation was supplied in 4 appli-
cations; a 1/4 of the quantity was applied every 15 days, then
we continued the irrigation by water every 15 days until har-
vesting. Five crops were used: tomato (Lycopersicon esculen-
tum), chickpea (Cicer arietinum), bean (Vicia faba), wheat
(Triticum durum) and barley (Hordeum vulgare). These crop
species are commonly cultivated in the Mediterranean area and
their culture cycles coincide with the olive mill wastewater pro-
duction period. Phenological and physiological parameters
such as elongation, herbage biomass, leaf number, dry weight/
fresh weight ratio, root/shoot ratio, photosynthetic activities,
organic nitrogen, proteins and crop production of plants were
determined.

2.4. Physico-chemical analysis

pH and electrical conductivity were determined according
to Sierra et al.'s (2001) standard method. Dry weight and mois-
ture content were determined by weighing samples before and
after drying overnight at 105 °C. Organic matter was deter-
mined after drying samples in a furnace at 550 °C for 4 h. Total
organic carbon and total nitrogen were determined by dry com-
bustion: TOC Analyser multi N/C 1000. 

The chemical oxygen demand (COD) is a measure of the oxi-
disability of a substance, expressed as the equivalent amount
in oxygen of an oxidising reagent consumed by the substance
under fixed laboratory conditions. COD is an oxidisability indi-
cator used as a practical method to measure organic matter.
Chemical oxygen demand (COD) is a vital test for assessing
the quality of effluents and wastewaters prior to discharge. The
COD test predicts the oxygen requirement of the effluent and
is used for the monitoring and control of discharges, and for
assessing treatment plant performance. COD was determined
according to Knechtel's (1978) standard method. 

The Biochemical Oxygen Demand (BOD5) assay is a stand-
ardised assessment of the amount of oxidisable, or respirable,
organic matter in water. It is the amount of oxygen (in mg L–1)
required by bacteria to oxidise the organic molecules aerobi-
cally. Oxygen consumed by inorganic compounds is also meas-
ured by this test, which is why it is referred to as biochemical
oxygen rather than just biological oxygen demand. It is used
as an index of the amount of organic pollution of the water and
is routinely employed to measure the efficiency of wastewater

treatment plants at removing organic matter from wastewater
or in assessing the effect of effluents on the trophic status of
natural waters. BOD5 was determined by the manometric
method with a respirometer: BSB-Controller Model 620 T
(WTW).

The ortho-diphenol concentration in the OMW was quanti-
fied by means of the Folin-Ciocalteu colorimetric method
(Box, 1983) using caffeic acid as standard. The absorbance was
determined at λ = 765 nm. Phosphorus, iron, magnesium,
potassium, sodium and chloride were determined by atomic
absorption.

2.5. Phytotoxicity tests

Phytotoxicity was assessed by determination of the germi-
nation index according to Zucconi et al.'s (1981) standard
method.

2.6. Soil enzymatic activities

Urease and ammonium and nitrite oxydase activities were
determined according to Kandeler et al. (1999), nitrate reduct-
ase activities were determined according to Tabatabai and Fu
(1989), and xylanase and cellulase activities were determined
according to Schinner and Von Mersi's (1990) standard meth-
ods. Enzymatic activities were expressed per gram of dried soil
(24 h at 105 °C).

2.7. Microbial estimation

Ten grams of the soil sample were suspended in an Erlen-
meyer flask containing 90 mL of a sterile solution (0.2% of
sodium polyphosphate (NaPO3)n in distilled water, pH 7.0) and
10 g of sterile glass beads (1.5 mm diameter). The flask was
shaken at 200 rpm for 2 h. Serial ten-fold dilutions of the sam-
ples in a 0.85% NaCl solution were plated in triplicate on PCA
at 30 °C for total bacterial counts. Ammonia and nitrite-oxidis-
ing bacteria were enumerated by the most probable number
(MPN) procedure (Trolldenier, 1995). Culture tubes supple-
mented either with ammonium or nitrite were inoculated with
serially diluted soil suspension. After an extended incubation
of 4 weeks at 28 °C, acidification of the medium was recorded
by taking colour change as an indication for growth of ammo-
nium oxidisers and the absence of nitrite as an indication for
growth of nitrite oxidisers. Subsequently, the most probable
number was calculated in accordance with the table of MPN
values. The total nitrifiers count was the sum of the oxidisers
of ammonium and of nitrite.

Each soil sample was analysed in duplicate and the dilution
series were plated in triplicate for each medium. All these
counts were expressed as colony-forming units (CFU) per gram
of dried soil (24 h at 105 °C). The total nitrifiers count was
expressed as most probable number (MPN) per gram of dried
soil.

2.8. Statistical analysis

For each germination test, three replications were used. For
plant and fruit characterisation, 4 replications were used in each
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issue. Data were analysed using the ANOVA procedure. Var-
iance and standard deviations were determined using Genstat
5 (second edition for Windows).

3. RESULTS AND DISCUSSION 

3.1. Olive mill wastewater characterisation 

Olive mill wastewater (OMW) contains an enormous supply
of organic matter very rich in polyphenols, which are toxic. An
integrated approach was developed in our laboratory using a
detoxification step of the olive mill wastewater with a white-
rot fungus culture followed by anaerobic digestion in order to
reuse the effluent in agriculture (Sayadi and Ellouz, 1995;
Dhouib et al., 2006). The physico-chemical characteristics of
the untreated olive mill wastewater and treated olive mill
wastewater are summarised in Table I. As was expected,
untreated olive mill wastewater was an acidic effluent which
had a high nutrient content that can be used to fertilise the soil.
However, it had an elevated chemical oxygen demand (COD =
53.3 g L–1) and a high phenolic content (8.6 g L–1), which have
toxic properties.

However, treated olive mill wastewater was a slightly alkaline
effluent, rich in inorganic loads such as potassium (5.34 g L–1),
calcium (3.2 g L–1), magnesium (281 mg L–1) and iron
(38.3 mg L–1). Its content of phenolic compounds was lower

than 1 g L–1, reflecting a significant reduction of its toxicity
from 99%IB in untreated olive mill wastewater to only 30%IB
(Tab. I). This high content of non-toxic organic compounds,
macro-elements and micro-elements indicated a significant fer-
tilising potential of the treated olive mill wastewater that could
be used advantageously in agronomy.

3.2. Germination tests

Seed germination was conducted both on untreated olive
mill wastewater dilutions (undiluted, 1/2, 1/4, 1/10, 1/25 and
1/50) and on treated olive mill wastewater dilutions (undiluted,
1/2, 1/4 and 1/10). The results showed that seed germination
was strongly inhibited for the five studied species when
untreated olive mill wastewater dilution was lower than 1/10. 

For the treated olive mill wastewater diluted to 1/10, positive
effects on all seed germination were observed and the germi-
nation ratio was higher than in the control (Fig. 1). This is in
line with previous findings. Komilis et al. (2005) showed that
phytotoxicity decreased with increased OMW dilution with
water. Treated olive mill wastewater did not show any inhibi-
tory effect on seed germination and all crops presented a high
germination ratio (>50% in all species used). Therefore, it can
be suggested that the germination inhibition is principally
owing to the phenolic compounds highly present in untreated
olive mill wastewater (Komilis et al., 2005; Piotrowska et al.,
2006). The relatively high salinity of the treated olive mill
wastewater did not affect the germinability of these crops. This
seems to differ from findings by Ramana et al. (2002), who
reported that some crop species such as tomato, chilli, bottle
gourd, cucumber and onion showed that germination (%)
decreased with increase in concentration of the highly saline
effluent (EC = 25.3 dS m–1). 

3.3. Crop tolerance to untreated olive mill wastewater 
and treated olive mill wastewater during 
the growth and development stages

In order to evaluate untreated olive mill wastewater and
treated olive mill wastewater effects on plant growth, plant
development and on crop tolerance, some agronomic tests were
performed in field experiments. The same species used for the
germination tests were also used for this study. Treated olive
mill wastewater application did not show any morphological
or physiological inhibition effect on any of the species used.
Indeed, the maximum height of the treated plants was better
than that of the control ones, especially for Vicia faba and Cicer
arietinum. The average protein content, productivity, grain
weight and the number of spikes per plant were the most sen-
sitive yield components to the treatments and the most impor-
tant for seed yield. The positive effects of the treated olive mill
wastewater ferti-irrigation seemed evident, allowing optimal
ripening and kernel filling. The chlorophyll a/chlorophyll b
ratio and the root/shoot ratio were similar to control species val-
ues (Tab. II). The amounts of organic nitrogen and proteins in
plants irrigated with treated olive mill wastewater were com-
parable with the control species or sometimes better, as for Hor-
deum vulgare and Cicer arietinum (Tab. III). Indeed, the lower
amount of phenolic compounds in treated olive mill wastewater
(0.77 g L–1) had no harmful effect on the photosynthetic plant

Table I. Physico-chemical characteristics of untreated olive mill
wastewater (U) and treated olive mill wastewater (T).

Characteristics U T

pH (25 °C) 5 ± 0.2 8.1 ± 0.2

Electrical conductivity (25 °C) (dS m–1) 8.2 ± 0.1 14.2 ± 0.1

Chemical oxygen demand (g L–1) 53.3 ± 4.8 4.5 ± 0.41

Biochemical oxygen demand (g L–1) 13.42 ± 1.21 1.8 ± 0.16

COD/BOD5 4 ± 0.72 2.5 ± 0.45

Salinity (g L–1) 6.23 ± 0.56 12.1 ± 1.1

Water content (g L–1) 960.6 ± 19.2 984 ± 19.7

Total solids (g L–1) 39.55 ± 1.98 15.9 ± 0.8

Mineral matter (g L–1) 6.5 ± 0.33 10.15 ± 0.51

Volatile solid (g L–1) 33 ± 1.65 4.8 ± 0.24

Total organic carbon (g L–1) 17.6 ± 0.88 3.2 ± 0.16

ortho-diphenols (g L–1) 8.6 ± 0.86 0.77 ± 0.08

Total nitrogen Kjeldhal (g L–1) 0.5 ± 0.05 0.25 ± 0.03

Carbon/Nitrogen 35.2 ± 7.04 12.8 ± 2.56

Toxicity by LUMIStox (% IB) 99 ± 9 30 ± 3

P (mg L–1) 36 ± 3.6 15 ± 1.5

Na (g L–1) 0.8 ± 0.08 0.86 ± 0.09

Cl (g L–1) 1.45 ± 0.15 1.3 ± 0.13

K (g L–1) 8.6 ± 0.8 5.34 ± 0.5

Ca (g L–1) 0.9 ± 0.09 3.2 ± 0.3

Fe (mg L–1) 23.4 ± 2.3 38.3 ± 3.8

Mg (mg L–1) 186.9 ± 18.7 281 ± 28.1
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activities, and nitrogen assimilation was not inhibited. Table III
shows an improvement in seed biomass, spike number, plant
growth and a similar or even better dry productivity than plants
irrigated with water (Hordeum vulgare 102%, Triticum durum
105%, Cicer arietinum 101% and Vicia faba 102% of control).

On the contrary, there was a negative effect of the untreated
olive mill wastewater causing an inhibitory effect on the growth
of all species used. Indeed, a significant reduction of the plant
height, the number of leaves and branches and the (fresh
weight/dry weight) ratio were noted comparatively with the
control species (Fig. 2). This is probably due to its high con-
centration in phenolics, which causes leaf necrosis. Besides, it
inhibits photosynthesis, which unbalances the protein content
and productivity of the plant. However, plants irrigated with
untreated olive mill wastewater showed lower dry pro-
ductivity in comparison with control species (Hordeum vulgare
40%, Triticum durum 53.5%, Cicer arietinum 79% and Vicia
faba 83.5% of control). Triticum durum exhibited the best dry
productivity, and Hordeum vulgare and Cicer arietinum exhib-
ited in addition a higher protein content when they were irri-
gated with treated olive mill wastewater. Therefore, it can be

concluded that these species constitute suitable crops that can
be irrigated with treated olive mill wastewater.

Plants irrigated with untreated olive mill wastewater showed
a significant reduction of contents of chlorophyll a and chloro-
phyll b. The (chlorophyll a/chlorophyll b) ratio was signifi-
cantly different from control plants and consequently, leaf
chlorosis was observed. The (root/shoot) ratio in plants irri-
gated with untreated olive mill wastewater was also different
from control plants (Tab. II). This finding confirms previous
findings by Paredes et al. (1999) reporting that OMW applica-
tion has negative effects such as the immobilisation of available
nitrogen, the displacement of the exchange complex and the
decrease in plant-available magnesium. Also, in line with this,
Piotrowska et al. (2006) observed that soil became highly phy-
totoxic after addition of olive mill wastewater; Rinaldi et al.
(2003) showed that crude olive mill wastewater has phytotoxic
effects on barley, durum and soft wheat. 

3.4. Soil fertilisation

Physico-chemical composition, total mesophilic microflora,
nitrifiers, principal enzymatic activities and respiration potential

Germination Index (%) Germination Index (%)

Germination Index (%) Germination Index (%)

Germination Index (%) Germination Index (%)

Figure 1. Germination Index of Triticum durum, Hordeum vulgare, Lycopersicon esculentum, Cicer arietinum, Vicia faba and Lepidium
sativum determined on distilled water as control (C), untreated olive mill wastewater (U) and treated olive mill wastewater (T). (number under
the slash indicates the dilution factor).
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Table II. Fresh biomass and chlorophyll content of the plant species ferti-irrigated with water as control (C), with untreated olive mill waste-
water (U) and with treated olive mill wastewater (T).
Chl.a: chlorophyll a; Chl.b: chlorophyll b.

Shoot
(g)

Root
(g)

Root/Shoot
ratio

Chl.a
(mg g–1)

 Chl.b
 (mg g–1)

Chl.a/Chl.b
ratio

Hordeum 
Vulgare

C 2.44 ± 0.5 0.18 ± 0.02 0.07 ± 0.005 0.63 ± 0.07 0.42 ± 0.04 1.5 ± 0.11

U 1.08 ± 0.22 0.47 ± 0.08 0.43 ± 0.03 0.05 ± 0.01 0.01 ± 0.00 5.0 ± 0.38

T 1.9 ± 0.27 0.05 ± 0.01 0.02 ± 0.001 0.08 ± 0.01 0.06 ± 0.01 1.33 ± 0.1

Triticum durum C 1.35 ± 0.33 0.18 ± 0.03 0.13 ± 0.01 0.02 ± 0.00 0.03 ± 0.00 0.66 ± 0.05

U 0.93 ± 0.07 0.18 ± 0.05 0.19 ± 0.015 0.01 ± 0.00  0.002 ± 0.00 5.0 ± 0.38

T 1.63 ± 0.12 0.09 ± 0.01 0.05 ± 0.003 0.06 ± 0.01 0.05 ± 0.01 1.20 ± 0.09

Cicer
arietinum 

 C 6.05 ± 0.65 1.02 ± 0.12 0.17 ± 0.013 0.05 ± 0.01 0.04 ± 0.01 1.25 ± 0.1

U 1.53 ± 0.15 0.27 ± 0.09 0.018 ± 0.001 0.01 ± 0.00 0.02 ± 0.01 0.50 ± 0.04

T 2.6 ± 0.38 0.42 ± 0.13 0.16 ± 0.012 0.07 ± 0.01 0.06 ± 0.01 1.16 ± 0.09

Vicia
faba 

 C 36 ± 2.7 4.6 ± 0.7 0.12 ± 0.01 0.13 ± 0.05 0.09 ± 0.03 1.44 ± 0.11

 U 23.5 ± 1.6 8.7 ± 1.2 0.37 ± 0.03 0.07 ± 0.03 0.09 ± 0.03 0.77 ± 0.06

 T 27.5 ± 1.9 3.4 ± 0.45 0.12 ± 0.01 0.61 ± 0.12 0.35 ± 0.08 1.74 ± 0.13

Table III. Main yield components, spike number and weight, proteins and productivity ± standard deviations of different plant species grown
on soil ferti-irrigated with water (C), untreated olive mill wastewater (U) and treated olive mill wastewater (T).

Plant species Parameters C U T

Hordeum vulgare

Spike number/plant 6 ± 1 2 ± 0.9 6.05 ± 0.8

Spike fresh weight (g) 2.5 ± 0.09 1.3 ± 0.05 2.9 ± 0.07

Proteins (mg g–1) 9.8 ± 0.13 7.1 ± 0.08 16.4 ± 0.17

Fresh productivity (kg ha–1) 2620 ± 15 1020 ± 9 2680 ± 5

Dry productivity (kg ha–1) 1360 ± 7 550 ± 13 1390 ± 8

Triticum durum

Spike number/plant 9 ± 0.9 5 ± 0.7 10 ± 1

Spike fresh weight (g) 1 ± 0.03 1 ± 0.01 1.2 ± 0.01

Proteins (mg g–1) 6.9 ± 0.04 10 ± 0.09 8.1 ± 0.01

Fresh productivity (kg ha–1) 3400 ± 70 1620 ± 14 3520 ± 70

Dry productivity (kg ha–1) 1270 ± 7 680 ± 3 1340 ± 7

Cicer arietinum

Seed number/plant 17 ± 0.9 12 ± 0.7 18 ± 0.9

Seed fresh weight (g) 1.1 ± 0.01 0.9 ± 0.01 1.1 ± 0.01

Proteins (mg g–1) 3.8 ± 0.06 17.25 ± 0.03 10.9 ± 0.02

Fresh productivity (kg ha–1) 5370 ± 10 4240 ± 15 5630 ± 9

Dry productivity (kg ha–1) 3580 ± 15 2830 ± 12 3620 ± 15

Vicia faba

Pod number/plant 7 ± 0.7 4 ± 0.6 6 ± 0.7

Pod fresh weight (g) 12.7 ± 0.07 5.8 ± 0.03 11.6 ± 0.09

Proteins (mg g–1) 41.4 ± 0.07 18.8 ± 0.03 20.7 ± 0.04

Fresh productivity (kg ha–1) 6000 ± 17 3660 ± 7 7020 ± 20

Dry productivity (kg ha–1) 4430 ± 9 3700 ± 7 4510 ± 9
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were evaluated in ferti-irrigated soil with olive mill wastewater
and compared with control soil. pH in the control soil was 8.4.
However, in soil ferti-irrigated with treated olive mill waste-
water, this value increased to 8.9 and never decreased. pH
decreased to 8.26 in soil ferti-irrigated with untreated olive mill
wastewater. The soil salinity increase was more pronounced in
treated olive mill wastewater-irrigated soil than in untreated
olive mill wastewater-irrigated soil. 

Morphological differences between the control soil and the
untreated olive mill wastewater-irrigated soil were also observed.

Indeed, the soil colour was darker after untreated olive mill
wastewater application. Moreover, the soil became more com-
pact, suggesting that the untreated olive mill wastewater can
lead to impairment in the soil aeration. The organic matter pool
was enhanced, but the respiration potential, total mesophilic
and nitrifier microflora were inhibited, as was shown in previ-
ous studies (Mekki et al., 2006). Untreated olive mill wastewa-
ter-irrigated soil also showed a significant inhibition of some
enzymatic activities such as urease and ammonium oxydase
activities (Tab. IV). Piotrowska et al. (2006) observed a rapid
increase in dehydrogenase and urease activities.

On the other hand, treated olive mill wastewater-irrigated
soil showed an increase in its organic matter content. In addi-
tion, its respiration potential was improved, as was suggested
by Komilis et al. (2005) and Mekki et al. (2006) and there was
a significant increase in its nitrifier microflora. Besides, it had
a similar C/N ratio to that of the control soil. Its enzymatic activ-
ities such as urease, nitrate reductase, ammonium oxydase,
xylanase and cellulase were enhanced (Tab. IV).

4. CONCLUSION

Olive mill wastewaters constitute a serious environmental
problem. Several physico-chemical and biological processes to
reduce their contaminant impacts have been proposed. Many
researchers have established that these wastewaters have a high
fertiliser value when applied to the soil. Soils in semi-arid and
arid areas are known to have low organic matter levels, a low

Figure 2. Maximum heights of Hordeum vulgare, Triticum durum,
Cicer arietinum and Vicia faba ferti-irrigated with treated olive mill
wastewater (T), untreated olive mill wastewater (U) and water (C).

Table IV. Physico-chemical and biological characteristics of soil ferti-irrigated with water as control (C), with untreated olive mill wastewater
(U) and with treated olive mill wastewater (T).
CFU: colony-forming unit; GE: glucose equivalent; MPN: most probable number; NH4-N: ammonium nitrogen; NO2-N: nitrate nitrogen; w/w:
weight/weight.

Soil characteristics C U T

pH (21 °C) 8.4 ± 0.2 8.26 ± 0.2 8.9 ± 0.2

Electrical conductivity (25 °C) (dS m–1) 0.2 ± 0.1 0.5 ± 0.1 0.7 ± 0.1

Salinity (mg kg–1) 151.7 ± 13.65 351.5 ± 31.63 505.5 ± 45.5

Moisture content (mg kg–1) 17 ± 0.35 18.1 ± 0.36 28.3 ± 0.57

Dry weight (%) (w/w) 98.3 ± 2 98.2 ± 2 97.2 ± 1.9

Organic matter (%) (w/w) 1.8 ± 0.18 4.5 ± 0.45 2.9 ± 0.29

Mineral matter (%) (w/w) 96.5 ± 9.7 93.7 ± 9.4 94.3 ± 9.4

Total organic carbon (%) (w/w) 1.04 ± 0.01 2.61 ± 0.26 1.66 ± 0.17

Total nitrogen Kjeldhal (%) (w/w) 0.1 ± 0.01 0.12 ± 0.01 0.16 ± 0.02

Carbon/Nitrogen 10.4 ± 2.1 21.75 ± 4.35 10.37 ± 2.1

Aerobic heterotrophic bacteria counts (106 CFU g–1) 58 ± 6 60 ± 6 71 ± 7

Nitrifier counts (102 MPN g–1) 1.4 ± 0.14 0.8 ± 0.08 22 ± 2.2

Urease (µg NH4-N g–1 2 h–1) 42 ± 0.42 38 ± 0.38 112 ± 11.2

Nitrate reductase (µg NO2-N g–1 24 h–1) 0.53 ± 0.053 1.42 ± 0.14 1.18 ± 0.12

Ammonium oxidase (µg NO2-N g–1 24 h–1) 0.24 ± 0.02 0.17 ± 0.02 0.71 ± 0.07

Xylanase (µg GE g–1 24 h–1) 34.6 ± 3.5 106.5 ± 10.7 124.5 ± 12.5

Cellulase (µg GE g–1 24 h–1) 21.7 ± 2.2 26.8 ± 2.7 58.4 ± 5.8
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fertility and a high exposure to degradation, desertification and
pollution. Currently, organic wastes of various origins and
nature are widely used as amendments to increase soil organic
matter and crop productivity. Olive mill wastewater treated
with white-rot fungi followed by anaerobic digestion still con-
tains relatively high amounts of dissolved and suspended
organic matter in a large volume of water and could be a poten-
tial candidate for use as a liquid organic amendment, especially
for soils and crops. This effluent has a very small amount of
phenolic compounds and a significant amount of fertilising ele-
ments such as P, K, Mg and Fe. Its application in crop irrigation
showed very encouraging results which may make its use in
agriculture a potential solution for olive mill wastewater man-
agement and valorisation. Nevertheless, the application of
olive mill wastewater without pre-treatment had negative
affects on soil structure and composition and inhibited seed ger-
mination and plant growth.
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