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Abstract
Comparative effects of untreated olive mill wastewater (UOMW), treated olive mill wastewater (TOMW) and
bioaugmented olive mill wastewater (BOMW) on soil properties, on seeds germination and on plants growth were
investigated.
The water holding capacity, the salinity, the organic carbon content, humus, total nitrogen, phosphate and
potassium increased when the spread amounts of UOMW (50, 100 and 200 m3 ha-1.year-1) or TOMW increased.
TOMW increased the total mesophylic number while the number of fungi and nitrifiers decreased. Actinomycetes
and spore-forming bacteria were neither sensitive to TOMW nor to UOMW. The total coliforms number increased
with higher doses of TOMW and UOMW.
Hazard assessments of toxicity were conducted for UOMW, untreated olive mill wastewater organic extract (UOE),
TOMW, treated olive mill wastewater organic extract (TOE) and extracts of soils amended with UOMW (SUOMW) and
with TOMW (STOMW).
Results showed an increase in the germination index when seeds species were cultivated with TOMW. Plants
irrigated by TOMW showed an improvement in biomass, spike number, plants growth and a similar or even better
dry productivity than plants irrigated with water.
Keywords: Microbial communities; Olive mill wastewater; Phenolic compounds; Soil fertility; Toxicity

Review
Highlights

Olive mill wastewater (OMW) is the liquid by-product
generated during olive oil production. The annual production of OMW in Mediterranean countries reached 30 million cubic meters and 700 000 cubic meters in Tunisia
alone. Olive mill wastewater is a critical problem; this
waste contains an enormous supply of water, organic and
inorganic matters. For these reasons, increasing attention
has been given to find the best methods to spread OMW
on agricultural lands and to recycle both the organic matter and the nutritive elements in the soil crops system.
Moreover, agricultural irrigation with wastewater effluents
became a common practice in arid and semiarid regions,
where it was used as a readily available and inexpensive
option to fresh water. Latest studies have investigated the
effects of untreated OMW on soil characteristics and microbial activities and the application of OMW for soil
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irrigation represents now a controversy discussion and a
debate of actuality between those that are for and those
that are against this strategy. For this purpose, this work
built on previous studies in the same Laboratory (Sayadi
and Ellouz 1995; Sayadi et al. 2000; Dhouib et al. 2005;
Mekki et al. 2006a; Mekki et al. 2006b; Mekki et al. 2007;
Mekki et al. 2008; Mekki et al. 2009; Mekki et al. 2012)
attempted to assess the benefits of reusing treated OMW
in ferti-irrigation. A comparison of their effects with those
of the application of untreated OMW on seeds germination, plants growth and soil fertility were undertaken.
Introduction

Olive mill wastewater (OMW) is the liquid by-product
generated during olive oil production (Mekki et al.
2009). The OMW annual production in Mediterranean
countries reached 30 million cubic meters and 700 000
cubic meters in Tunisia alone (Dhouib et al. 2006;
Kapellakis et al. 2006). OMW is a critical problem; this
waste contains an enormous supply of organic matter,
COD between 40 and 210 g. m-3 and BOD5 between 10
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and 150 g. m-3 (Saadi et al. 2007). Some OMW characteristics are favourable for agriculture since this effluent
is rich in water, organic matter, nitrogen, phosphorous,
potassium and magnesium (Lesage-Meessen et al. 2001).
Furthermore, agricultural irrigation with wastewater effluents became a common practice in arid and semiarid
regions, where it was used as a readily available and
inexpensive option to fresh water (Oved et al. 2001).
The most frequently used method nowadays to solve the
problems associated with this wastewater is the direct
application to agricultural soils as organic fertilizers
(Komilis et al. 2005; Mekki et al. 2006a). In this perspective, several studies found positive effects of OMW on
soil fertility and crops growth (Casa et al. 2003; Cereti
et al. 2004; Paredes et al. 2005). Feria (2000) and Rinaldi
et al. (2003) indicated that OMW spreading does not result in heavy metal accumulation in the soil. However,
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 fertility (Sierra et al. 2001; Mekki et al. 2006b,
2007). Moreno et al. (1987) warmed that untreated
OMW application causes serious environmental problems due to its antibacterial effects and its phytotoxicity.
According to Levi-Menzi et al. (1992) the high COD
value and the presence of phytotoxic and antibacterial
polyphenols in OMW can be a serious pollution risk for
superficial and underground waters. Moreover, the
presence of phenolic compounds in OMW makes them
highly toxic and ecologically noxious (Capasso et al.
1992; Aggelis et al. 2003).
To solve the problems associated with OMW, different
treatments methods such as aerobic treatment, anaerobic digestion and composting process have been proposed (Sayadi and Ellouz 1995; Ehaliotis et al. 1999;
Peredes et al. 2000; Kissi et al. 2001; Marques 2001;
D’Annibale et al. 2004; Abid and Sayadi 2006).
An integrated approach using a pre-treatment of the
UOMW with the white-rot fungus Phanerochaete
chrysosporium followed by an anaerobic digestion was
developed in our Laboratory (Laboratory of Bioprocesses,
Center of Biotechnology of Sfax, Tunisia) in order to reuse
the effluent in agriculture (Sayadi et al. 2000; Dhouib et al.
2005; Khoufi et al. 2006). Thus, the aim of our work was
to investigate the effects of untreated (UOMW), treated
(TOMW) and bioaugmented (BOMW) olive mill wastewater on soil physicochemical and biological properties,
on microbial communities’ respiration, on seeds germination and on plants growth.
This review is a synthesis of previous works in the same
Laboratory (Sayadi and Ellouz 1995; Sayadi et al. 2000;
Dhouib et al. 2005, 2006; Mekki et al. 2006a, b, 2007, 2008,
2009, 2012) attempted to assess the benefits of reusing
TOMW in ferti-irrigation. A comparison of their effects
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with those of the application of UOMW on seeds germination, plants growth and soil fertility were undertaken.
Olive mill wastewater characterization

OMW contain an enormous supply of organic matter
very rich in phenolic compounds, which are toxic. Untreated olive mill wastewater (UOMW) is an acidic effluent with a high nutrient content that can be used to
fertilize the soil. However, UOMW had an elevated
chemical oxygen demand and a high phenolic content,
which have toxic properties. UOMW totally inhibited V.
fischeri. This toxicity was essentially due to its high
content of phenolics compounds. Its C/N ratio was unfavourable for the biodegradation and humification processes (Mekki et al. 2006b).
However, treated olive mill wastewater (TOMW) is a
slightly alkaline effluent, rich in inorganic loads such as
potassium, calcium, magnesium and iron. Its phenolic
compounds content was lower than 1 g L–1, reflecting a
significant reduction of its toxicity from 99% BI in
UOMW to only 30% BI. This high content of non-toxic
organic compounds, macro-elements and micro-elements
indicated a significant fertilizing potential of the TOMW
that could be used advantageously in agronomy (Table 1).
Table 1 Physicochemical characteristics of untreated olive
mill wastewater (UOMW) and treated olive mill wastewater
(TOMW) (Mekki et al. 2006b)
Characteristics

UOMW

TOMW

pH (25°C)

5 ± 0.2

8.1 ± 0.2

Electrical conductivity (25°C) (dS m-1)

8.1 ± 0.1

14.2 ± 0.1

Chemical oxygen demand (g L-1)

53.3 ± 1.8

4.5 ± 0.41

Biochemical oxygen demand (g L-1)

13.42 ± 0.8

1.8 ± 0.16

4 ± 0.72

2.5 ± 0.45

Water content (g L )

960.6 ± 19

984 ± 19

Total solids (g L-1)

39.4 ± 1.8

16 ± 0.8

Mineral matter (g L )

6.5 ± 0.3

10.15 ± 0.5

Volatile solids (g L-1)

33 ± 1.5

4.8 ± 0.2

COD/BOD5
-1

-1

-1

Total organic carbon (g L )

17.6 ± 0.88

3.2 ± 0.16

Phenolic compounds (g L-1)

8.6 ± 0.5

0.77 ± 0.08

Total nitrogen (g L-1)

0.5 ± 0.05

0.25 ± 0.03

Carbon/nitrogen

35.2 ± 7.04

12.8 ± 2.56

Toxicity by LUMIStox (BI(%))

99 ± 2

30 ± 0.7

36 ± 3.6

15 ± 1.5

Sodium (Na) (g L-1)

0.8 ± 0.08

0.86 ± 0.09

Chlorures (Cl) (g L-1)

1.45 ± 0.15

1.3 ± 0.13

Potassium (K) (g L )

8.6 ± 0.8

5.34 ± 0.5

Calcium (Ca) (g L-1)

0.9 ± 0.09

3.2 ± 0.3

Phosphore (P) (mg L-1)

-1

-1

Iron (Fe) (mg L )
Magnesium (Mg) (mg L-1)

23.4 ± 2.3

38.3 ± 3.8

186.9 ± 18.7

281 ± 28.1
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OMW impacts on the physicochemical soil properties

OMW phenolic compounds dynamics

The soil of the study area had an important content of
active calcareous (0.6% w/w) at the surface, and was
composed of sand (89.82% w/w), clay (7.44% w/w) and
silt (2.74% w/w). It had an alkaline pH and a weak electrical conductivity (Mekki et al. 2006a). The soil was
very poor in nitrogen (0.5 g kg-1 dry soil) and in organic
matter (0.16% w/w). The levels of potassium and phosphorus were 0.014 (% w/w) and 0.00 2 (% w/w), respectively. The soil water content was very low and it varied
between 0.8% and 1.15 (% w/w) (Table 2).
The addition of treated or untreated OMW without or
after C/N ratio correction did not show any effect on
the initial soil pH (Mekki et al. 2009). Indeed, in spite of
the initial UOMW acidity, the follow-up of this parameter during 6 months showed that these OMW provoked
no significant reduction in the soil pH (0.2 U), whereas
the addition of TOMW provoked a weak augmentation.
Similarly, OMW application increased soil electrical
conductivity (EC), and this increase was proportional to
the added OMW quantity.
The studied soil was initially poor in organic matter
(OM). OMW improved the soil organic and mineral matter’s contents. The follow-up of the biodegradation kinetics of this OM brought by OMW revealed that for the
same quantity of added OM, soil receiving the TOMW
exhibited a potential of biodegradation three times bigger
than that of soil receiving UOMW (Mekki et al. 2009).
Soil irrigated with TOMW presented more important
total nitrogen content in comparison with soil receiving
UOMW. The weak reduction in the total nitrogen or
even its constancy as a function of amended OMW and
time could be explained by the retraining of the different
soil nitrogen shapes.

UOMW application increased the total phenolic compounds content in all soil layers. Besides that the majority
of phenolic compounds are kept in the soil upper layers.
The phenolic concentration decreased rapidly from 0 to
25 cm then continued to decrease weakly with depth but
remained even detectable at 120 cm. Comparison of phenolic compounds spectra shows that especially the high
molecular-mass compounds decreased with depth while
the low molecular-mass polyphenols remained more
abundant (Mekki et al. 2007).
According to the HPLC principle, polymers were
eluted with low retention time, while monomers needed
higher retention time. HPLC analyses show that phenolic compounds with low retention time were detected
in upper layers (0–25 cm), while higher retention time
phenolic compounds infiltrated in deeper layers of the
soil (50–120 cm).
OMW impacts on the biological soil properties

The aerobic heterotrophic bacteria counted on the studied
soil were relatively weak (105–106 CFU g-1of dry soil).
OMW addition induced an elevation of the total heterotrophic bacteria count of the soil microflora (Table 2). The
control soil was very poor in organic nitrogen; so, the
number of nitrifiers was feeble. The OMW addition
enlarged, in a meaningful manner, their number. This
increase was more remarkable in soils receiving
TOMW. As it was the case for the nitrifying bacteria,
the OMW addition enhanced the denitrifier’s subsistence, whose number increased correlatively with the
added OMW quantity.
The soil’s urease and ammonium oxidases activities
were stimulated distinctly in soils irrigated with TOMW,

Table 2 Physicochemical and biochemical characteristics of unamended soil (C), soil amended with untreated olive mill
wastewater (SUOMW) and soil amended with treated olive mill wastewater (STOMW) (Mekki et al. 2006b)
Soil characteristics
pH (21°C)

C

SUOMW

STOMW

8.4 ± 0.2

8.26 ± 0.2

8.9 ± 0.2

Electrical conductivity (dS m-1)

0.2 ± 0.1

0.5 ± 0.1

0.7 ± 0.1

Water content (mg kg-1)

11 ± 0.35

18.1 ± 0.36

28.3 ± 0.57

Organic matter (%) (w/w)

1.8 ± 0.18

4.5 ± 0.45

2.9 ± 0.29

Total nitrogen (%) (w/w)

0.1 ± 0.01

0.12 ± 0.01

0.16 ± 0.015

Carbon/nitrogen

10.4 ± 2.1

21.75 ± 4.35

10.37 ± 2.1

58 ± 6

60 ± 6

71 ± 7

Nitrifiers counts (10 MPN g )

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 ± 0.05

1.42 ± 0.14

1.18 ± 0.12

Ammonium oxydase (μg NO2-N g-1 24 h-1)

0.24 ± 0.02

0.17 ± 0.02

0.71 ± 0.07

Xylanase (μgGE g 24 h )

34.6 ± 3.5

106.5 ± 10.7

124.5 ± 12.5

Cellulase (μgGE g-1 24 h-1)

21.7 ± 2.2

26.8 ± 2.7

58.4 ± 5.8

Aerobic bacteria counts (106 CFU g-1)
2

-1

-1

-1

CFU: colony-formant unit; GE: glucose equivalent; MPN: most probable number; NH4-N: ammonium nitrogen; NO2-N: nitrate nitrogen; w/w: weight/weight.
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whereas the UOMW addition inhibited these two enzymatic activities (Mekki et al. 2006b).
UOMW inhibited the soil respirometric activity, while
TOMW exhibited significantly higher respiration levels
compared to the unamended and the UOMW amended
soils. The ratio of C-CO2/Ctot decreased from 6.7 in the
unamended soil to 6.34, to 2.74 and to 1.6 in soils
amended consecutively with 50, 100 and 200 m3 ha-1.
year-1 of UOMW. Based on these results, the UOMW
dose of 50 m3 ha-1 showed the elevated C-CO2/Ctot
ratio in comparison with the two other doses (100 and
200 m3 ha-1) so that it was chosen to test the effects
of its bioaugmentation with P. chrysosporium on the
soil biodegradation activities. The soil amended with
50 m3 ha-1 of bioaugmented olive mill wastewater
(BOMW) showed higher C-CO2/Ctot ratio in comparison
with control soil (unamended) and with soil amended with
50 m3 ha-1 of UOMW. The C-CO2/Ctot ratio increased
from 6.34 in the soil amended by 50 m3 ha-1 of UOMW
and 6.7 in the control soil to 27 (nearly 4 fold) in soil
amended by BOMW (Mekki et al. 2012).
Hazard assessments of toxicity were conducted for
UOMW, untreated olive mill wastewater organic extract
(UOE), TOMW, treated olive mill wastewater organic
extract (TOE) and extracts of soils amended with
UOMW (SUOMW) and with TOMW (STOMW). Measures
of toxicity were achieved by the determination of the
bioluminescence inhibition (BI (%)) of Vibrio fischeri and
by the growth inhibition (GI) of Bacillus megaterium,
Pseudomonas fluorescens and Escherichia coli. A BI of V.
fischeri of 100%, 100%, 65%, 47%, 46% and 30% were
obtained with UOMW, UOE, TOMW, TOE, SUOMW
and STOMW respectively. Indeed, even diluted 24 times,
a significant BI of 96% was obtained by UOMW. However, only 30% BI was obtained by 24 times diluted
TOMW. Whereas, 24 times diluted, SUOMW and STOMW
did not show a significant BI. The GI of B. megaterium,
P. fluorescens and E. coli were, respectively, 93%, 72%
and 100% by UOMW; 100%, 80% and 100% by UOE;
70%, 60% and 89% by TOMW; 63%, 54% and 68% by
TOE; 39%, 27% and 43% by SUOMW and 23%, 0% and
34% by STOMW. The incubation of UOMW or TOMW
in the soil during four months reduced their toxicity by
54% and 35%, respectively (Mekki et al. 2008).
OMW impacts on seeds germination and crops growth

Seeds germination was conducted both on UOMW and
on TOMW. The results showed that seeds germination
was strongly inhibited for all the studied species when
UOMW dilution was lower than 1/10 (UOMW/Water).
For the TOMW diluted to 1/10 (TOMW/water), positive
effects on all seeds germination were observed and the
germination ratio was higher than in the control. TOMW
did not show any inhibitory effect on seeds germination
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and all crops presented a high germination ratio (>50% in
all species used) (Mekki et al. 2006b).
In order to evaluate UOMW and TOMW on plants
growth, some agronomic tests were performed in field experiments. The same species used for the germination
tests were also used for this study. TOMW 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 sensitive yield components to the treatments and the most important for seed yield. The positive effects of the TOMW
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
values. The amounts of organic nitrogen and proteins in
plants irrigated with TOMW were comparable with the
control species or sometimes better, as for Hordeum
vulgare and Cicer arietinum (Mekki et al. 2006b).

Discussion

Several studies have been devoted to develop efficient
treatment technologies for OMW through various
kinds of physicochemical and biological pretreatments
(Mantzavinos and Kalogerakis 2005). Yet, such systems
are in many cases not economical, considering the
short olive oil season, the typical biennial olive harvest
cycle, and the fact that many olive mills are small and
isolated (Azbar et al. 2004). Results presented here
showed that several chemical and biochemical properties
of the investigated soils changed in response to UOMW,
TOMW and BOMW application.
The UOMW acidity was compensated by the soil
carbonate alkalinity as given away by Sierra et al.
(2001). The raise in the soil salinity could result from
the main ionic species (Na, Cl and SO2), which came
from UOMW (Zenjari and Nejmeddine 2001). Achak
et al. (2009) reported that the OMW acidity was due to
the presence of phenolic and fatty acids, subsequently
the application of this effluent to soils could accumulate salts and phytotoxic compounds, change pH and
leach nutrients that could contaminate the ground
water source.
The use of P. chrysosporium for the practical treatment
of OMW was investigated because this fungus could
significantly reduce the color of this effluent and degrade
the high and low molecular-mass aromatics compounds
(Sayadi et al. 2000). Wang et al. (2008) and Taccari et al.
(2009) reported that white rot fungi (WRF) had a good
ability to degrade and metabolize polymeric lignin and a
broad range of organopollutants.

Mekki et al. International Journal Of Recycling of Organic Waste in Agriculture 2013,
2013,: 2:15
http://www.ijrowa.com/content///
http://www.ijrowa.com/content/2/1/15

Addition of the untreated or the treated OMW to the
soil created some modifications in the average values for
total number of microorganisms and their repartition.
Our results showed an initial increase in the numbers of
CFU in most microflora groups after the OMW amendment, excepted for nitrifiers which decreased. In line
with this finding, Peredes et al. (2000) reported also an
increase in the total viable counts in the soil polluted
with OMW. The chemolithotrophic ammonia-oxidizing
bacteria (AOB) are responsible for the first rate limiting step in nitrification in which ammonia (NH3) is
transformed to nitrate (NO-3) via nitrite (NO-2). The
AOB play a critical role in the natural nitrogen cycle
(Oved et al. 2001). This microflora could be affected by a
variety of chemical conditions including aromatic compounds and salts (Mendum and Hirsch 2002). Some authors reported that higher pH is not favourable for some
phylogenetic groups of nitrifying bacteria (Kowalchuk
et al. 2000). Moreover, some residual polyphenolic compounds present in TOMW may be toxic for this sensitive
category of microorganisms (Paredes et al. 1987). Actinomycetes and spore-forming bacteria play a significant role
in the organic matter cycle in nature, by virtue of their
considerable powers and ability to break down complex
organic molecules. Actinomycetes counts were strongly
enhanced by treated and untreated OMW amendment.
The introduction of organic pollutants, which can potentially act as toxic substances and nutrient sources, was
shown to preferentially stimulate specific populations
(Atlas et al. 1991). The increase of the CFU count of
spore-forming bacteria was in accordance with the earlier
investigations of Paredes et al. (1987).
Fungi populations are known by their considerable
depolymerising enzymes and their resistance to recalcitrant substances. The OMW enhanced fungi, the most
important organisms decomposing lignin and polyphenols (Borken et al. 2002). Consequently, this population
was favoured in soil amended by UOMW, where pH
and C/N ratio were also more favourable compared to
the control. This observation confirms previous findings
by Perkiomaki and Fritze (2002).
The requirements for determining the activities of a
large number of enzymes were emphasized to provide
information on soil microbial activities (Sukul 2006).
Urease and ammonium oxidases constituted two major
enzymes of nitrogen metabolism. Urease played a key
role in the transformation of the organic nitrogen in ammoniacal and assimilated nitrogen (N–NH4). Ammonium oxidases assured the transformation of the product
of the ammonification in plants’ assimilated nitrogen
(Tscherko et al. 2003). These two enzymatic activities
were stimulated distinctly in soils irrigated with OMW.
In this context, Deni and Penninckx (1999) mentioned
that the addition of hydrocarbon to an uncontaminated
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soil stimulated immobilization of nitrogen and reduced nitrification and soil urease activity. In contrast, Piotrowska
et al. (2006) announced a rapid increase in soil respiration,
deshydrogenase and urease activities and the microbial
biomass of OMW amended soils.
UOMW increased the soil carbon content while the specific respiration remained very low. However, the amendment with TOMW positively affected the soil-specific
respiration. Indeed, Piperidou et al. (2000) proclaimed that
the wealth of UOMW organic matters in toxic phenolic
compounds made its biodegradation difficult. Zheng and
Obbard (2002) and Dzul-Puc et al. (2005) reported that
the lignin-degrading WRF P. chrysosporium had the ability
to degrade a wide variety of organopollutants such as
polycyclic aromatic hydrocarbons due to its non-specific
extracellular enzymes. These investigations were aligned
with our results viewing that the bioaugmentation of
50 m3 ha-1 by P. chrysosporium was the very beneficial
for the stimulation of the respirometric and consequently the biodegradation activities of soil autochthonous microflora.
The study of phenolic compounds dynamics showed
that compounds of low molecular-mass migrated
more in depth than those of high molecular-mass.
This is in line with previous findings of a correlation
between places of olive oil mill waste spreading and
wells with high phenolic concentrations (Spandre and
Dellomonaco 1996).
The acute toxicity of UOMW, UOE, T, TOE, SUOMW
and STOMW, was assessed on the marine bacterium V.
fischeri and on representing soil and aquatic bacteria as
B. megaterium, P. fluorescens and E. coli. Toxicity assays
based on bioluminescence in V. fischeri can provide a
rapid assessment of chemical toxicity (Ribo 1997). They
are widely used for routine screening of waste effluents
or as part of more elaborate environmental assessments
that involve several forms of bioassay and employ a
range of different organisms (Jennings et al. 2001).
UOMW totally inhibited the bioluminescence of V.
fischeri. This toxicity was essentially due to its high content of phenolic compounds and more precisely to phenolic monomers as hydroxytyrosol and tyrosol. Indeed,
similar toxicity was obtained with the UOE which is essentially composed by hydroxytyrosol and tyrosol. These findings are in line with previous findings of Dhouib et al.
(2006) who put in evidence the toxicity exercised by the
main phenolic monomers of the OMW on the microbial
flora implied in the treatment of this waste. Fiorentino
et al. (2003) reported that the most toxic fraction to the
test organisms Pseudokirchneriella subcapitata (alga),
Brachionus calyciflorus (rotifer) and the two crustaceans
Daphnia magna and Thamnocephalus platyurus was the
low molecular weight (350 Da) and especially catechol
and hydroxytyrosol, the most abundant components of
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this fraction. Allouche et al. (2004) and Obied et al.
(2005) reported that compounds found in OMW that
exhibited antibacterial activity were tyrosol, hydroxytyrosol,
oleuropeine, 3–4 dihydroxyphenyl acetic acid, and 4hydroxybenzoic acid. Our results showed that the treatment of the OMW reduced considerably its phenolic
content and eliminate essentially phenolic monomers.
In line with this, Sierra et al. (2001) showed the fast
degradation of these monomers by the biologic activities
of soil or their infiltration in the deep layers of soil.
The monitoring of the growth of bacteria representing
the soil or the aquatic microflora as B. megaterium, P.
fluorescens and E. coli cultivated in the presence of OMW
is very instructive and permits to predict their behaviour,
the day where they will be in contact with this waste or
submitted to its toxicity in the nature. The bacterial responses regarding various substrates UOMW, UOE,
TOMW, TOE, SU or ST were different. The GI values for
B. megaterium, P. fluorescens and E. coli allow visualizations of the fact that the E. coli response is the most sensitive to the toxic effect of monomers present in UOMW
and UOE. P. fluorescens showed the high resistance to
OMW toxicity. This is quite normal because this bacterium is known by its powerful capacity to degrade the recalcitrant compounds and its ubiquitous distribution in
soil and water environments. This bacterium has often
been found during biodegradation studies of petroleum
hydrocarbons contaminated samples (Bugg et al. 2000;
Abbondanzi et al. 2003; Evans et al. 2004). On the other
hand, Ramos-Cormenzana et al. (1996) noted that antibacterial activity of OMW phenolic compounds was
higher on Gram positive than on Gram negative bacteria.

Conclusions
Olive mill wastewater constitutes a serious environmental
problem. Several physico-chemical and biological processes
to reduce their contaminant impacts have been proposed.
Many researchers have established that this wastewater
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 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.
Treated olive mill wastewater still contains relatively
high organic matter amounts in an important volume of
water and could be used as a potential fertilizer, especially
for soils and crops.
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unity.
Competing interests
The author declares that they have no competing interests.
Authors’ contributions
This work built on previous studies in the same Laboratory. Abdelhafidh
Dhouib and Sami Sayadi contribute by development of an integrated
approach using a pre-treatment of the UOMW with the white-rot fungus
Phanerochaete chrysosporium followed by an anaerobic digestion. Ali MEKKI
as Corresponding author contributes by the most part of this work as the
studies of effects of various OMWs on soil biochemical properties and on
crops growth. All authors read and approved the final manuscript.
Authors’ information
The author is an expert in bioremediation and soil microbiology in the
Laboratory of Bioprocesses, Center of Biotechnology of Sfax, AUF (PER-LBP),
Tunisia. The author is also an assistant professor on soil biochemistry and
bioremediation at Gafsa University (Tunisia) for more than 10 years.
Acknowledgements
This research was funded by E.C program “Medusa water” contract
ICA-CT-1999-00010 and a contract programmes (MESRS, Tunisia).
Received: 3 October 2012 Accepted: 23 June 2013
08 June
Aug 2013
Published: 25
2013
References
Abid N, Sayadi S (2006) Detrimental effect of olive mill wastewater on the
composting process of agricultural wastes. Waste Manage 26:1099–1107
Abbondanzi F, Cachada A, Campizi T, Guerra R, Raccagni M, Iacondini A (2003)
Optimisation of a microbial bioassay for contaminated soil monitoring:
bacterial inoculum standardization and comparison with Microtox assay.
Chemosphere 53:889–897
Achak M, Mandi L, Ouazzani N (2009) Removal of organic pollutants and nutrients
from olive mill wastewater by a sand filter. J Environ Manage 90:2771–2779
Aggelis G, Iconomou D, Christou M, Bokas D, Kotzailias S, Christou G, Tsagou V,
Papanikolaou S (2003) Phenolic removal in a model olive oil mill wastewater
using Pleurotus ostreatus in bioreactor cultures and biological evaluation of
the process. Water Res 37:3897–3904
Allouche N, Fki I, Sayadi S (2004) Toward a high yield recovery of antioxidants
and purified hydroxytyrosol from olive mill wastewaters. J Agri Food Chem
52:267–273
Atlas RM, Horowitz A, Krichevsky M, Bej AK (1991) Response of microbial
populations to environmental disturbances. Microb Ecol 22:249–256
Azbar N, Bayram A, Filibeli A, Muezzinoglu A, Sengul F, Ozer A (2004) A review of
waste management options in olive oil production. Cr Rev Environ Sci
Technol 34:209–247
Borken W, Muhs A, Beese F (2002) Changes in microbial and soil properties
following compost treatment of degraded temperate forest soils. Soil Biol
Biochem 34:403–412
Bugg T, Foght JM, Pickard MA, Gray MR (2000) Uptake and active efflux of
polycyclic aromatic hydrocarbons by Pseudomonas fluorescens Lp6a.
Appl Environ Microbiol 66:5387–5393
Casa R, D’Annibale A, Pieruccetti F (2003) Reduction of the phenolic components
in olive-mill wastewater by enzymatic treatment and its impact on durum
wheat (Triticum durum Desf.) germinability. Chemosphere 50:959–966
Cereti CF, Rossini F, Federici F, Quaratino D, Vassilev N, Fenice M (2004) Reuse of
microbially treated olive mill wastewater as fertilizer for wheat (Triticum
durum Desf). Biores Technol 91:135–140
Capasso R, Cristinzio G, Evidente A, Scognamiglio F (1992) Isolation, spectroscopy
and selective phytotoxic effects of polyphenols from vegetable waste waters.
Phytochem 31:4125–4128

Mekki et al. International Journal Of Recycling of Organic Waste in Agriculture 2013,
2013,: 2:15
http://www.ijrowa.com/content///
http://www.ijrowa.com/content/2/1/15

D’Annibale A, Casa R, Pieruccetti F, Ricci M, Marabottini R (2004) Lentinula
edodes removes phenols from olive-mill wastewater: impact on durum
wheat (Triticum durum Desf.) germinability. Chemosphere 54:887–894
Deni J, Penninckx MJ (1999) Nitrification and autotrophic nitrifying bacteria in a
hydrocarbon-polluted soil. Appl Environ Microbiol 56:4008–4013
Dhouib A, Aloui F, Hamad N, Sayadi S (2005) Pilot-plant treatment of olive mill
wastewaters by Phanerochaete chrysosporium coupled to anaerobic digestion
and ultrafiltration. Process Biochem 41:159–167
Dhouib A, Ellouz M, Aloui F, Sayadi S (2006) Effect of bioaugmentation of
activated sludge with white-rot fungi on olive mill wastewater detoxification.
Lett Appl Microbiol 42:405–411
Dzul-Puc JD, Esparza-Garcia F, Barajas-Aceves M, Rodriguez-Vazquez R (2005)
Benzo[a]pyrene removal from soil by Phanerochaete chrysosporium grown on
sugarcane bagasse and pine sawdust. Chemosphere 58:1–7
Ehaliotis C, Papadopoulou K, Kotsou M, Mari I, Balis C (1999) Adaptation and
population dynamics of Azotobacter vinelandii during aerobic biological
treatment of olive-mill wastewater. FEMS Microbiol Ecol 30:301–311
Evans FF, Seldin L, Sebastian GV, Kjelleberg S, Holmstro C, Rosado AS (2004)
influence of petroleum contamination and biostimulation treatment on the
diversity of Pseudomonas spp. in soil microcosms as evaluated by 16 s rRNA
based-PCR and DGGE. Lett. Appl. Microbiol 38:93–98
Feria LA (2000) The generated situation by the O.M.W. In: Andalusia. Actas/
Proceedings-Workshop Improlive-2000-Anexo A1/Annex A1, pp 55–63
Fiorentino A, Gentili A, Isidori M (2003) Environmental effects caused by olive mill
waste waters: toxicity comparison of low-molecular weight phenol
components. J Agri Food Chem 51:1005–1009
Jennings VLK, Rayner-Brandes MH, Bird DJ (2001) Assessing chemical toxicity with
the bioluminescent Photobacterium (Vibrio fischeri): a comparison of three
commercial systems. Water Res 35:3448–3456
Kapellakis IE, Tsagarakis KP, Avramaki C (2006) Olive mill wastewater management
in river basins: a case study in Greece. Agri Water Manag 82:354–370
Khoufi S, Aloui F, Sayadi S (2006) Treatment of olive oil mill wastewater by
combined process electro-Fenton reaction and anaerobic digestion. Water
Res 40:2007–2016
Kissi M, Mountadar M, Assobhei O, Gargiulo E (2001) Roles of two white-rot
basidiomycete fungi in decolorisation and detoxification of olive mill waste
water. Appl Microbiol Biotechnol 57:221–226
Komilis DP, Karatzas E, Halvadakis CP (2005) The effect of olive mill wastewater
on seed germination after various pretreatment techniques. J Environ
Manage 74:339–348
Kowalchuk GA, Stienstra AW, Heilig GH, Stephen JR, Woldendorp JW (2000) Molecular
analysis of ammonia-oxidizing bacteria in soil of successional grasslands of the
Drentsche A (The Netherlands). FEMS Microbiol Ecol 31:207–215
Levi-Menzi R, Saviozzi A, Riffaldi R, Falzo L (1992) L’épandage aux champs des
eaux de vegetation: effet sur les propriétés des sols. Olivae 40:20–25
Lesage-Meessen L, Navarro D, Maunier S, Sigoillot JC, Lorquin J, Delattre M,
Simon JL, Asther M, Labat M (2001) Simple phenolic content in olive oil
residues as a function of extraction systems. Food Chem 75(4):501–507
Mantzavinos D, Kalogerakis N (2005) Treatment of olive mill effluents: Part I.
Organic matter degradation by chemical and biological processes:
An overview. Environ Int 31:289–295
Marques IP (2001) Anaerobic digestion treatment of olive mill wastewater for
effluent re- use in irrigation. Desalination 137:233–239
Mekki A, Dhouib A, Sayadi S (2006a) a) Changes in microbial and soil properties
following amendment with treated and untreated olive mill wastewater.
Microbiol Res 161:93–101
Mekki A, Dhouib A, Aloui F, Sayadi S (2006b) b) Olive wastewater as an ecological
fertilizer. Agron Sust Dev 26:61–67
Mekki A, Dhouib A, Sayadi S (2007) Polyphenols dynamics and phytotoxicity in a
soil amended by olive mill wastewaters. J Environ Manage 84:134–140
Mekki A, Dhouib A, Feki F, Sayadi S (2008) Assessment of toxicity of the
untreated and treated olive mill wastewaters and soil irrigated by using
microbiotests. Ecotoxicol Environ Saf 69:488–495
Mekki A, Dhouib A, Sayadi S (2009) Evolution of several soil properties following
amendment with olive mill wastewater. Progr Nat Sci 19:1515–1521
Mekki A, Aloui F, Dhouib A, Sayadi S (2012) Effects of Phanerochaete
chrysosporium on biologic activity of soil amended with olive mill
wastewaters. J Soil Sci Environ Manage 3(1):1–8
Mendum TA, Hirsch PR (2002) Changes in the population structure of b-group
autotrophic ammonia oxidizing bacteria in arable soils in response to
agricultural practice. Soil Biol Biochem 34:1479–1485

Page 7 of 7

Moreno E, Perez J, Ramos-Cormenzana A, Martinez J (1987) Antimicrobial effect
of waste water from olive oil extraction plants selecting soil bacteria after
incubation with diluted waste. Microbios 51:169–174
Obied HK, Allen MS, Bedgood DR (2005) Bioactivity and analysis of biophenols
recovered from olive mill waste. J Agric Food Chem 53:823–837
Oved T, Shaviv A, Goldrath T, Mandelbaun RT, Minz D (2001) Influence of effluent
irrigation on community composition and function of ammoniaoxidizing
bacteria in soil. Appl Environ Microbiol 67:3426–3433
Paredes C, Cegarra J, Bernal MP, Roig A (2005) Influence of olive mill wastewater
in composting and impact of the compost on a Swiss chard crop and soil
properties. Environ Int 31:305–312
Paredes MJ, Moreno E, Ramos-Cormenzana A (1987) Characteristics of soil after
pollution with waste waters from oil extraction plants. Chemosphere
16:1557–1564
Peredes C, Roig A, Bernal MP, Sanchez-Monedero MA, Cegarra J (2000) Evolution
of organic matter and nitrogen during cocomposting of olive mill
wastewater with solid organic wastes. Biol Fert Soil 32(3):222–227
Piotrowska A, Iamarino G, Rao MA, Gianfreda L (2006) Short term effects of olive
mill waste water (OMW) on chemical and biochemical properties of a semi
arid Mediterranean soil. Soil Biol Biochem 38:600–610
Piperidou CI, Chiadou CI, Stalikas CD (2000) Bioremediation of olive oil mill
wastewater: chemical alterations induced by Azotobacter vinelandii.
J Agric Food Chem 48:1942–1948
Perkiomaki J, Fritze H (2002) Short and long-term effects of wood ash on boreal
forest humus microbial community. Soil Biol Biochem 34:1343–1353
Ramos-Cormenzana A, Juarez-Jimenez B, Garcia-Pateja MP (1996) Antimicrobial
activity of olive mill waste-waters (Alpechin) and biotransformed olive oil mill
wastewater. Int J Biodeter Biodeg 38:283–290
Ribo JM (1997) Inter laboratory comparison of studies of the luminescent
bacteria toxicity bioassay. Environ Toxicol Water Qual 12:283–294
Rinaldi M, Rana G, Introna M (2003) Olive-mill wastewater spreading in southern
Italy: effects on a durum wheat crop. Field Crops Res 84:319–326
Saadi I, Laor Y, Raviv M, Medina S (2007) Land spreading of olive mill wastewater:
Effects on soil microbial activity and potential phytotoxicity. Chemosphere
66:75–83
Sayadi S, Ellouz R (1995) Roles of lignin peroxidase and manganese peroxidase
from Phanerochaete chrysosporium in the decolorization of olive mill
wastewaters. Appl Environ Microbiol 61:1098–1103
Sayadi S, Allouche N, Jaoua M, Aloui F (2000) Detrimental effects of high
molecular-mass polyphenols on olive mill wastewaters biotreatments.
Process Biochem 35:725–735
Sierra J, Marti E, Montserrat G, Cruanas R, Garau MA (2001) Characterization and
evolution of a soil affected by olive oil mill wastewater disposal. Sci Total
Environ 279:207–214
Spandre R, Dellomonaco G (1996) Polyphenols pollution by olive mill waste
waters. Tuscany-Italy J Environ Hydrol 4:1–13
Sukul P (2006) Enzymatic activities and microbial biomass in soil as influenced by
metalaxyl residues. Soil Biol Biochem 38:320–326
Taccari M, Stringini M, Comitini F, Ciani M (2009) Effect of Phanerochaete
chrysosporium inoculation during maturation of cocomposted agricultural
wastes mixed with olive mill wastewater. Waste Manage 29:1615–1621
Tscherko D, Bolter M, Beyer L (2003) Biomass and enzyme activity of two soils
transect at King George Island, Maritime Antarctica. Arctic Antarctic Alpine
Res 35:34–47
Wang C, Xi JY, Hu HY, Wen XH (2008) Biodegradation of gaseous chlorobenzene
by white-rot fungus Phanerochaete chrysosporium. Biomed Environ Sci
21:474–478
Zenjari A, Nejmeddine A (2001) Impact of spreading olive mill wastewater on soil
characteristics: laboratory experiments. Agronomie 21:749–755
Zheng Z, Obbard JP (2002) Oxidation of polycyclic aromatic hydrocarbons (PAH)
by the white rot fungus, Phanerochaete chrysosporium. Enzyme Microbial
Technol 31:3–9
10.1186/2251-7715-2-15
doi:
Cite this article as: Mekki et al.: Review: Effects of olive mill wastewater
application on soil properties and plants growth. International Journal Of
Recycling of Organic Waste in Agriculture 2013,
:.
2:15

