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ABSTRACT 
Olive-oil production is of vital importance for the economy and social life of the Mediterranean region; however, the side effect of the 
olive-oil mill activity is the generation of enormous quantities of biotoxic olive-mill waste within a short period of three months. 
Numerous physicochemical and biological methods have been used in the past for the treatment of both olive mill wastewater (OMWW, 
deriving from three-phase extraction systems) and two-phase olive mill waste (TPOMW, deriving from two-phase extraction systems), 
but these generally failed to come up with a viable solution of wide applicability. On the other hand, since olive mill waste are of purely 
vegetative origin, their recycling (either raw or after treatment, including composting) into agricultural ecosystems seems environmentally 
reasonable and financially feasible. The detoxification and biotransformation potential of naturally occurring and other microorganisms is 
a promising alternative to the previous approach, especially in cases where in situ decomposition of such waste can not be readily applied. 
Raw and detoxified (chemically and microbiologically) olive mill waste application on tree and crop cultivation, showed that there is 
differentiation of plant responses depending on the plant species, type of the growth substrate and time of exposure. Based on hydroponics, 
soil and soilless cultures it appears that the higher the organic matter in the growth medium, the lower the waste toxicity. The toxicity is 
evident in all the plant functions from the germination to organs morphology, physiology, metabolism, ultrastructure, ripening and quality 
of the final product. 
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INTRODUCTION 
 
The olive tree plays a vital role in the economy, ecology 
and social life of the Mediterranean countries, where ap-
proximately 8.5 million ha are in production, corresponding 
to 98% of the world olive cultivation. Spain, Italy and 
Greece account for around 75% of olive oil world produc-
tion (which is ca. 2.8 million tons), while the rest originates 
mainly from Portugal, Tunisia, Morocco, Algeria, Turkey, 
the Middle East region, and Australia (IOOC 2008). 

In the past, olive oil processing was mainly carried out 
with the discontinuous (traditional) press-type mills based 
on mechanical crushing of the olive fruits followed by pres-
sure extraction, but the intensification of production lead to 

the abandonment of this traditional extraction method, and 
to the installation of the more efficient and of higher capa-
city centrifugal mills. Nowadays, there are two basic olive 
oil extraction technologies which employ a different type of 
mechanical crushing-homogenisation followed by centrifu-
gal separation through the so-called "three-phase" and 
“two-phase” processes. The former was introduced in the 
1970s for increasing olive-oil yield, and it generates olive 
oil (ca. 20-25 kg out of 100 kg of olives), olive pomace or 
olive cake or ‘orujo’ (ca. 30-35 kg out of 100 kg of olives; 
this is commonly further processed for the extraction of 
residual oil and of olive press-cake) and olive mill waste-
water (OMWW, ca. 80-100 l out of 100 kg of olives). 
Hence, the quantities of OMWW, which are produced in the 
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Mediterranean area alone, exceed 15 Mm³ per year within a 
period of 3-4 months (November-February), creating a 
major environmental problem. On the other hand, the two-
phase centrifugation system was introduced in the 1990s in 
order to deal with the problem of large quantities of water 
used by the centrifugal extraction process, and consequently 
for the reduction of the amount of liquid waste produced. 
Instead, by this system a sludge-like pomace (also called 
wet husk or ‘alperujo’, or two-phase olive mill waste, 
TPOMW; ca. 80-100 kg out of 100 kg of olives) is 
generated in large quantities (four million tons in Spain 
alone; Alburquerque et al. 2004), which is difficult to han-
dle due to its physicochemical and biotoxic properties. 

The characteristics of olive mill waste are variable, 
depending on many factors such as method of extraction, 
variety and maturity of olives, region of origin, climatic 
conditions and associated cultivation/processing methods. 
In general, OMWW is a recalcitrant dark brown effluent, 
with a distinctive odour, an acidic pH (4.0-5.5), a very com-
plex redox system (conductivity: 6,000-16,000 �s), a high 
buffer capacity, tension activity and stability. More impor-
tantly, OMWW present high values for most pollution para-
meters: BOD5: 40-95 g l-1, COD: 50-180 g l-1, LD50 toxicity 
for fish: 8.7%; in addition, they contain large amounts of 
suspended solids and high concentrations of polyaromatic 
compounds, e.g. simple phenols and flavonoids, or polyphe-
nols (from 0.5 to 24 g l-1) (Ramos-Cormenzana 1986; Pare-
des et al. 1987; Rouvalis et al. 2004; Roig et al. 2006). 
While phenolics are mainly held responsible for the OMWW 
strong antimicrobial and phytotoxic properties, non-phe-
nolic-related toxicity attributed to long-chain fatty acids and 
volatile acids was also reported (Capasso et al. 1992, 1995; 
Ramos-Cormenzana et al. 1996; Paixao et al. 1999; Linares 
et al. 2003; Ouzounidou et al. 2008a). Moreover, OMWW 
possesses considerable amounts of mineral nutrients such as 
potassium (K2O: 2.4-10.8 g l-1) and phosphorus (P2O5: 0.3-
1.5 g l-1), and a wide-range of micronutrients (Tomati and 
Galli 1992; Cabrera et al. 1996; Roig et al. 2006; Aqeel and 
Hameed 2007; Mekki et al. 2007). As concerns TPOMW, 
which practically integrates into one waste-stream the 
OMWW (though in smaller quantities) and the olive 
pomace of the three-phase extraction process, it presents a 
moisture content of about 60-65%, an acidic pH (4.9-6.8), a 
high content in organic matter (60.3-98.5%) comprising 
relatively large amounts of lignin, cellulose and hemicel-
lulose, lipids and carbohydrates as well as phenolics (Roig 
et al. 2006). 

In the past, various physicochemical approaches have 
been employed including precipitation and flocculation, 
adsorption, ultrafiltration and reverse osmosis, chemical 
oxidation and ion exchange, combustion and pyrolysis, etc., 
which in general demonstrated satisfactory levels of organic 
load and COD elimination combined with high reduction of 
polyphenols content (Fiestas Ros de Urcinos and Borja 
Padilla 1992; Niaounakis and Halvadakis 2004; Mantza-
vinos and Kalogerakis 2005; Baldrian et al. 2006; Arvani-
toyannis et al. 2007). However, their scaling-up was often 
met with serious practical difficulties and long-term econo-
mic failure, mainly because of technical complexity, and 
high installation and operating costs. On the other hand, 
reduction of OMWW environmental impact was also 
attempted through the use of combined methodologies (i.e. 
physicochemical and biological, most often integrating the 
exploitation of the biochemical potential of selected micro-
organisms) or only by biological approaches (which are 
considered to be more ‘environmentally-friendly’ and less 
expensive) enabling at the same time some of their primary 
components to be recovered. In this way, both types of 
olive mill waste (deriving from two- and three-phase olive-
oil extraction processes) formed the base for the generation 
of a large array of products such as plant fertilizers and/or 
soil conditioners, substrates for the production of biomass 
and protein (algae and yeasts), biogas, biopharmaceuticals, 
biopolymers, feed additives, fodder and edible mushrooms 
(Codounis et al. 1983; Takashi et al. 1994; Ramos-Cormen-

zana et al. 1996; Zervakis et al. 1996; Ntougias et al. 2003; 
Ehaliotis et al. 2005; Mantzavinos and Kalogerakis 2005; 
Roig et al. 2006; Arvanitoyannis and Kassaveti 2007; Ntou-
gias et al. 2008b; Morillo et al. 2009). 

At the moment there is no European Union legislation 
regulating olive mill waste disposal, and standards are left 
to be set by individual countries, whereas only in Italy and 
Portugal among olive-oil producing countries there is legis-
lation (Laws No. 574/1996 and No. 626/2000, respectively) 
for disposal/application of OMWW and/or TPOMW in 
agricultural soil. Hence, for example spreading of up to 80 
m3 ha-1 yr-1 OMWW (generated by the continuous centri-
fugation systems) is allowed in Italy by taking into account 
some limitations imposed by the Law. The most common 
disposal methods include land application, discharge into 
nearby rivers, lakes or sea and storage in evaporation 
lagoons. However, environmental problems often associ-
ated with such practices are soil contamination, under-
ground seepage, water-bodies pollution and foul odor emis-
sions (Paredes et al. 1987; Rinaldi et al. 2003). Neverthe-
less, it seems that the controlled spreading of olive mill 
waste into agricultural land could offer a significant solu-
tion for the disposal of such effluents, especially in areas 
with soils poor in organic matter. Olive mill waste is a natu-
ral product rich in organic compounds, it contains appreci-
able amounts of sugars, minerals and other plant growth-
promoting substances; thus, it could be substantially used as 
a fertilizer and soil conditioner with a direct and indirect 
positive effect on plants (Ehaliotis et al. 1999; Tamburino 
et al. 1999; Di Giovacchino et al. 2001; Ehaliotis et al. 
2003), provided that its phytototoxic properties and certain 
adverse effects on soil properties are taken into account 
and/or eliminated (Cereti et al. 2004; Ouzounidou et al. 
2008a, 2008b). 

This review attempts to cover available literature data 
on the application of raw (untreated) olive mill waste in soil 
and other plant growth substrates together with their effects 
on seeds germination, and on plant development, physiol-
ogy and fruit production. In addition, it summarizes the 
outcome of numerous studies employing microorganisms 
for the detoxification and biodegradation of olive mill waste, 
with particular emphasis on the applications related with 
plant growth. 
 
EFFECTS OF RAW OLIVE MILL WASTE 
APPLICATION 
 
Land application of olive mill waste 
 
There is a growing public concern about the environmental 
impact of industrial development and population expansion 
in recent decades. The continuous inputs of waste on agri-
cultural land have caused imbalance in ecosystems (Ouzou-
nidou et al. 2008a). Land application is the oldest system 
for the disposal of waste. It is based on the high biodegra-
dative capacity of soils. According to Fuller and Warrick 
(1985), the land is a gigantic biodigestion system developed 
over millions of years that is able to biodegrade animal and 
plant waste to become part of the soil. Land application 
serves two objectives: (a) waste disposal; and (b) recycling 
of waste components. Fuller and Warrick (1985) proposed 
the terms land treatment and land utilization. Land treat-
ment involves the use of soil also as a means of treating 
waste, while land utilization serves dual objectives: first of 
waste disposal and second of valuable resource. Land treat-
ment is based on the physical, chemical and microbiological 
interactions between the components and the microorga-
nisms of soil and waste. In land treatment, the soil is taken 
as a medium to biodegrade waste, which is applied on the 
land when no crop is being grown (Cabrera et al. 1996). 

Since olive mill waste is of purely vegetative origin and 
contain no xenobiotics, added chemicals, or synthetic pol-
lutants, its recycling into agricultural ecosystems, rather 
than their exhaustive treatment and disposal into domestic 
sewage or other water receptors, seems environmentally 
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reasonable and financially feasible (Ehaliotis et al. 2003). 
When soil/land characteristics and climatic conditions are 
favourable, treatment of specifically designated land using 
particularly high OMWW rates (>5000 m3 ha-1) could be 
performed. Indeed, experiments carried out in lysimeters 
filled with two types of calcareous clay soils showed that a 
2 m layer of soil removed almost completely the organic 
and inorganic components of OMWW, when applied at 
annual rates of 5000-10000 m3 ha-1 (Cabrera et al. 1996). In 
field trials, the application of OMWW during three succes-
sive years at an annual rate of up to 6000 m3 ha-1 resulted in 
increased concentrations of organic matter, N, soluble NO3, 
extractable phosphorus and exchangeable potassium, and 
such positive effects on soil fertility were confirmed by 
other pertinent studies as well (Fiestas Ros de Urcinos 
1986; Levi-Minzi et al. 1992; Tomati and Galli 1992). 
Moreover, land application of OMWW improved soil 
aggregate stability and reduced water evaporation losses 
(Mellouli et al. 1998). On the other hand, soil electrical 
conductivity and sodium adsorption ratio also increased, but 
below the levels representing salinization or sodification 
hazards for the soil; however, leaching of Na and NO3 ions 
below the 1 m layer was detected (Cabrera et al. 1996). 

Application of OMWW in soils was followed by an 
increase in microbial activity as expressed by either CO2 
evolution measurements, or by the colony forming units per 
gram of amended soil, or by higher levels of hydrolytic 
activity and soil respiration rates (Paredes et al. 1986; 
Moreno et al. 1987; Mekki et al 2006; Saadi et al. 2007). In 
both control and amended soils, common soil microorga-
nisms dominated; coryneform bacteria were the most abun-
dant in amended soil samples, while Bacillus spp. occur-
rence decreased. Once disposal of OMWW ceases, soil 
microbiota tends to restore the initial populations profile. 
On the other hand, the study of Mechri et al. (2007) 
revealed (through analysis of ester-linked fatty acid methyl 
esters, EL-FAME) decrease of Gram positive bacteria and 
increase of Gram negative bacteria and fungi 30 days after 
spreading of OMWW into a field of olive trees at increasing 
dosages of up to 150 m3 ha-1; in contrast, the fungal/bac-
terial ratio increased significantly with increasing quantities 
of OMWW. Furthermore, the relative abundances of mono-
unsaturated fatty acids increased with OMWW addition, 
which is consistent with the presence of high substrate 
availability in OMWW-treated soils. A subsequent series of 
experiments (Mechri et al. 2008) demonstrated that the 
development of saprotrophic fungi was significantly higher 
in the OMWW amended soils, whereas the abundance of 
the soil fatty acid methyl ester (FAME) 16:1�5 (used as a 
quantification index of arbuscular mycorrhizal (AM) fungi 
biomass), root FAME 16:1�5 (used as index for the 
development of colonisation of the olive trees roots by AM 
fungi), photosynthetic rates, and the amount of the total 
root-soluble carbohydrate decreased significantly after 
agronomic application of OMWW. The findings suggest 
that the altering functioning of AM fungi should be con-
sidered as a potential factor mediating olive trees responses 
to agronomic application of OMWW when the OMWW 
dose applied is higher than 30 m3 ha-1. 

In a recent study (Karpouzas et al. 2009) the effects of 
OMWW applications on the structure of soil fungal groups 
was investigated, by daily additions of the effluent to pep-
per plants growing in two types of soil (loamy sand and 
sandy loam) at two doses for a period of 3 months (total 
OMWW equivalents 900 and 1800 m3 ha-1). Nitrogen (N) 
fertilization alleviated N scarcity and considerably enhanced 
plant biomass production; however, when applied in com-
bination with the high OMWW dosage, it induced plant 
stress. OMWW applications resulted in marked changes in 
the denaturing gradient gel electrophoresis patterns of soil 
basidiomycete communities, while concurrent N fertiliza-
tion reduced these effects. In contrast, the ascomycete com-
munities required N fertilization to respond to OMWW ad-
dition. Cloning libraries for the basidiomycete communities 
showed that Cryptococcus yeasts and Ceratobasidium spp. 

dominated in the samples treated with OMWW. In contrast, 
certain plant pathogenic basidiomycetes such as Thanate-
phorus cucumeris and Athelia rolfsii were suppressed. The 
observed changes may be reasonably explained by the 
capacity of OMWW to enrich soils in organic substrates, to 
induce N immobilization and to directly introduce OMW-
derived basidiomycetous yeasts. 

When the effect of untreated and fungal-treated 
OMWW spreading on the soil microbial communities was 
examined (Mekki et al. 2006), it was found that treated 
OMWW increased the total mesophilic number whereas the 
number of fungi and nitrifiers decreased; actinomycetes and 
spore-forming bacteria were neither sensitive to treated nor 
to untreated OMWW, and the total coliforms increased with 
higher doses of treated and untreated OMWW. A toxic 
effect of the untreated OMWW appeared from 100 m3 ha-1, 
while this toxicity was more pronounced with 200 m3 ha-1, 
when microflora of total mesophilic, yeasts and moulds, 
actinomycetes, and nitrifiers were seriously inhibited except 
for total coliforms and spore-forming bacteria. 

In addition to OMWW, the effects of either crude or 
exhausted olive pomace application on soil and on the yield 
of durum wheat (Triticum turgidum L.) was examined by 
Brunetti et al. (2005). Soil amendment with olive pomaces 
produced a significant increase in total organic, total extrac-
table, humified and non-humified C forms, and available K 
contents; increase in O and acidic functional group contents 
of humic-like acids, C/N ratio and aliphaticity, and decrease 
in C/H ratio and N and C contents were also observed. 
Worth mentioning was also the significant increase in wheat 
grain yield as regards kernel weight and kernel numbers per 
cultivated surface. 

On the other hand, the direct application of TPOMW in 
agricultural soil has been also proposed on the basis of its 
high organic matter content (>90%), which could enrich 
soils poor in organic matter and increase crop yields (Abu-
Zreig and Al-Widyan 2002; López-Piñeiro et al. 2002). In 
fact, a two-year greenhouse study using wheat (Triticum 
aestivum L.) and TPOMW or dry TPOMW as a soil condi-
tioner/amendment demonstrated significant increases in 
organic carbon, aggregate stability, total N, available K, 
cation-exchange capacity (but with large decrease of avail-
able P) combined with much higher grain yields especially 
after the second year of application (López-Piñeiro et al. 
2006, 2007, 2008b). Similar results were obtained from ap-
plications of TPOMW in irrigated olive grove soil (López-
Piñeiro et al. 2007): significant increases in total organic 
carbon, water soluble organic carbon, humic and fulvic 
acids, and aggregate stability were observed in the treated 
plots, while the highest humification index was obtained 
when TPOMW was applied at the lowest rate (i.e. 30 tons 
ha-1); the increase in aggregate stability correlated posi-
tively and significantly with the humic and fulvic acid, and 
the water soluble organic carbon contents. Further relevant 
evidence was provided by the five-year field study conduc-
ted by López-Piñeiro et al. (2008a), who evaluated the 
potential use of both TPOMW and dried TPOMW as soil 
amendments on a representative olive grove soil (Cutanic 
Luvisol); they found significant increases in organic carbon, 
total N, available P and K, and aggregate stability, while 
leaf analysis showed significant increases in N, P, and K 
concentrations in treated plots after the first two years of 
waste applications, while an increase in olive production 
(from 10-30%) was observed after five-years of successive 
amendments. It seems that positive effects from such recyc-
ling practices are particularly pronounced in poor, degraded 
or marginal, semi-arid soils of the Mediterranean basin. 
 
Effect on seeds germinability 
 
Cabrera et al. (1996) examined the effect of soil amended 
with OMWW on ryegrass (Lolium multiflorum Lam cv. 
‘Barwoltra’), and demonstrated that OMW did not have any 
effect either on seed germination or on seedling emergence. 
This outcome was attributed to a neutralizing action of Ca, 
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which suggests the possibility of cultivating the land espe-
cially with salt-tolerant plants between different periods of 
treatment. Furthermore, Saadi et al. (2007) findings sup-
ported the potential of safe controlled OMWW spreading on 
lands that are not associated with sensitive aquifers by 
demonstrating that soil phytotoxicity (as expressed by ger-
mination and root elongation tests with cress (Lepidium 
sativum) seeds) was short-termed, and the soil was partly or 
completely recovered between successive OMWW applica-
tions; no further phytotoxicity was observed in treated soils 
as compared with control soil, three months after OMWW 
application. Such short-term phytotoxicity was not cor-
related with measured electrical conductivity and total poly-
phenols in the soil extracts. Colarieti et al. (2006) also 
studied the effect of agricultural soil as a natural catalyst to 
promote polyphenol oxidation and polymerization and in 
turn detoxify olive mill wastewaters. A 24-h treatment in 
soil slurry was sufficient to remove most of the phenolics 
found in OMWW. Their products were not toxic to the 
growth of a typical soil bacterium and reduced phytotoxi-
city in cress seeds germination tests. When OMWW were 
treated in an aerated, stirred reactor containing agricultural 
soil, OMWW monomeric phenols decreased by >90% with-
in 24 h. This resulted in a corresponding reduction in phyto-
toxicity, as measured by germination tests with tomato 
(Lycopersicon esculentum Mill.) and cress seeds, and in 
microbial toxicity, associating thus the toxicity of OMWW 
to the presence of monomeric phenols (Greco et al. 2006). 
In addition, germinability of tomato was higher when the 
soil was irrigated with treated OMW rather than with un-
treated ones, although it was lower than the control (e.g., 
soil irrigated with distilled water); at longer incubation 
times, a complete recovery of the soil germination capa-
bility was achieved with treated, but not with untreated, 
OMWW. 

On the other hand, although many experiments evi-
denced the beneficial effect of controlled OMWW applica-
tions on soil fertility, the polluting load of this waste and its 
inhibition effects on seed germination sometimes led to the 
avoidance of their use in agriculture (Perez et al. 1986). The 
mineral content, the acidity and the presence of phytotoxic 
compounds, mainly phenols, in olive mill by-products can 
induce negative effects on agriculture. Such effects are 
linked to the quantity of waste supply, soil characteristics 
and to the nature of the culture. Casa et al. (2003) and Asfi 
et al. (2006) using the durum wheat and spinach (Spinacea 
oleracea L.) germinability as a biotest, respectively, have 
indicated that phenols are the main phytotoxic compounds 
of raw OMWW. A similar behavior was observed by El 
Hadrami et al. (2004), who reported that crude and un-
diluted OMWW was lethal when applied to the studied 
crops, i.e., maize (Zea mays L.), chickpea (Cicer arietinum 
L.), tomato and wheat. Significant differences were ob-
served among crops according to their germination ability 
when treated with OMWW or aqueous phenolic extracts of 
OMWW solutions. Indeed, maize showed a higher germina-
tion index compared to chickpea. By contrast, wheat and 
tomato germination occurred only when OMWW was dil-
uted to 15 and 5% (of the initial concentration), respectively. 
Similar results were observed for germination with OMWW 
aqueous phenolic extracts, suggesting a predominately in-
hibition effect of seed germinations by OMWW phenolics. 
Phenolics could be considered as the main compounds im-
plicated in the OMWW germinability suppression or reduc-
tion in these crops; thus confirming the toxicity of the 
phenolic fraction of OMWW as suggested by other studies 
(Capasso et al. 1992; Bonari et al. 1993; Aliotta et al. 2000). 
Mekki et al. (2007) assessed the phytotoxicity of OMWW 
phenolic compounds by the determination of the germina-
tion index (GI) of a sensitive plant belonging to the family 
Brassicaceae (Brassica cernua). The residual phenolic frac-
tion extracted from the soil treated annually with 200 m3  

ha-1 yr-1 of OMWW proved to be phytotoxic to the plant B. 
cernua. In the control medium, the GI reached 100% after 
24 h of incubation. In the medium containing the soil 

phenolic residual fraction, the seed GI reached 100% after 
72 h of incubation, while in the medium containing diluted 
fresh OMWW, the GI showed a delay or even a total ab-
sence of B. cernua germination (Mekki et al. 2007). In the 
same study, it was demonstrated that OMWW spreading, 
even once per year, may modify the soil structure and com-
position which could in turn affect olive trees after long-
term application. The phenolic fraction extracted from soil 
one year after OMWW application was not very phytotoxic, 
and it only increased the time required to obtain 100% ger-
mination of B. cernua seeds. 

OMWW dilution with water is very often used prior to 
biological treatment to reduce toxicity to the microorga-
nisms responsible for organic matter decomposition. Komi-
lis et al. (2005) suggested that not only dilution but also 
aeration were the primary pretreatment techniques affecting 
OMWW phytotoxicity. Dilution with water at a high ratio 
reduced phytotoxicity compared to when dilution was kept 
at a low ratio. No seed germination (tomato and chicory 
(Cichorium intybus L.)) was observed when raw or settled 
OMWW, without any prior dilution, was applied to all types 
of seeds. Aeration of OMWW also resulted in reduced 
phytotoxicity and was the second most important main 
effect after dilution. Therefore, reduction of phenols and 
organic acids is achieved along with reduction of nutrient 
salts, particulate matter and organic content, minimizing the 
negative effects on plants and soil. In addition, particulate 
matter reduction, as achieved through dilution, can prevent 
clogging of the irrigation piping system. Aeration ap-
parently reduced BOD5 concentration through biological 
decomposition – induced by the inherent microbial popula-
tion present in OMWW – by transforming several phyto-
toxic compounds to less phytotoxic metabolic organic by 
products and CO2. Aeration also resulted in a pH increase 
but not in an electric conductivity increase. This is probably 
attributed to the loss of volatile acids and CO2 to the 
atmosphere during strirring as well as to the biological 
decomposition and therefore loss of organic acids (Komilis 
et al. 2005). However, ozonation applied by Andreozzi et al. 
(2008) did not reduce significantly the phytotoxicity of 
tested OMWW measured through the germination index 
calculation of Raphanus sativus L., Cucumis sativus L. and 
Lactuca sativa L seeds. A marked reduction of OMWW 
inhibition, higher than 50%, was evidenced for 1:8 (v/v) 
dilution OMWW samples ozonated for 2 h. Better results 
were obtained on seed germination and root elongation of 
plantlets of the three species mentioned above, which ger-
minated on OMWW-free solidified medium and were then 
transferred on a solidified culture medium containing O3-
treated OMWW diluted 1: 2 and 1: 4 (v/v). 
 
Effect on plant growth and development 
 
Published data on OMWW effects on the individual stages 
of plant growth and development are rather limited and con-
tradictory. A brief illustration of the variety of the OMWW 
effects on plants is given in Table 1. It seems that they 
depend on plant species, plant developmental stage and 
mode of plant cultivation. A differentiation of OMWW 
phytotoxicity depending on the type of the growth substrate 
of the plants has been also observed; toxic symptoms are 
more serious in plants grown in hydroponic culture or in the 
sand than those grown in the cultivated soil (Kistner et al. 
2004; Ouzounidou et al. 2008a). In fact, the higher the soil 
organic matter, the lower the OMWW toxicity. In order to 
evaluate the OMWW effects on growth, development and 
productivity, agronomic tests have been also performed 
either by greenhouse experiments or by direct land applica-
tion. 

In hydroponic culture of young tomato plants, Kistner et 
al. (2004) showed that addition of diluted raw OMWW led 
to an increase in internode length, simultaneous decrease in 
shoot and root length and a big loss of root biomass in com-
parison to canopy. The substantial impact of raw effluent on 
tomato roots in static aerated culture became obvious both 
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with respect to root length and root discoloration when raw 
OMWW was supplemented at a rate of 3 and 5%, respec-
tively (Kistner et al. 2004). In contrast, addition of bio-
detoxified OMWW at a rate of 5% resulted in significantly 
higher shoot length and number of leaves as compared to 
the untreated control at maintained internode length. Also, 
fresh weight of leaves, stems and roots from plants exposed 
to bio-OMWW increased in comparison to the untreated 
control plants. Similar results were found by Asfi et al. 
(2006) and Ouzounidou et al. (2008b), who reported that 
the exposure to 1: 10 (v/v) OMWW for one-month period in 
the soil cultivated peas (Pisum sativum L.) and spinach 
plants, led to a significant decrease in plants shoot biomass 
and leaf area, while, an enhancement of flowering and 
pollen formation under the high OMWW concentration was 
detected in spinach plants. In addition, Ouzounidou et al. 
(2008a) have studied the responses of tomato exposed to 
olive mill wastewater (OMWW) with regard to cultivation 
in sand and soil. Soil experiments lasted for 3 months and 
sand experiments lasted for only 10 days due to intense 
lethal symptoms. In both cases roots were more sensitive to 
OMWW than the upper parts of tomato plant grown either 
in sand or in soil. The reason may be that roots face OMWW 

toxicity directly, while the toxicity to other parts is indirect. 
The significant reduction of the growth observed, suggests 
the susceptibility of tomato to OMWW components such as 
phenolics and fatty acids. These effects might be due to the 
lipophilicity of phenolic and fatty acids compounds which 
could alter the accessibility of nutrients inside the biological 
membranes as suggested by El Hadrami et al. (2004) and 
Kistner et al. (2004). Elongated internodes and concomit-
antly longer shoots result in a slower development of the 
crop, less available resources, a deductive delayed entry 
into the reproductive phase and thus lead to yield reductions 
as opposed to the control plants. The shorter root length in 
combination with severe root discoloration of tomato ex-
posed to raw effluent might be an indication for even slower 
development phase due to impaired potential for nutrient 
and water uptake. This might be partly explained as a con-
sequence to high content of phenolic compounds in raw 
waste. 

The results obtained by Vassilev et al. (1998) clearly 
demonstrated the phytotoxic nature of untreated OMWW in 
Trifolium repens biomass, which was, however, partly neut-
ralized in the case of mycorrhizal plants. However, when 
dry TPOMW was administered to soils, the growth of soy-

Table 1 Impact of olive mill wastes application on plants according to listed literature 
Mode of application Germinability References 

OMWW land application No affection on germination and on seedling emergence of ryegrass Cabrera et al. 1996 
OMWW land application Inhibition of Brassica cernua germination Mekki et al. 2007 
OMWW-compost land 
application 

No effect or slight increase of germination index Paredes et al. 2000 

Greenhouse raw OMWW Decreased germinability of wheat, spinach, maize, chickpea, tomato, 
chicory, Raphanus sativus, Cucumis sativus, Lactuca sativa 

Casa et al. 2003; El Hadrami et al. 
2004; Komilis et al. 2005; Asfi et al. 
2006; Andreozzi et al. 2008 

 Plant growth  
Greenhouse raw OMWW Decreased biomass, leaf area enhanced flowering, pollen formation of 

spinach, peas, decreased shoot-root length, elongated internodes, root 
discoloration of tomato, maize, wheat, chickpea 

El Hadrami et al. 2004; Asfi et al. 2006; 
Ouzounidou et al. 2008a, 2008b 

Greenhouse hydroponics Increased internode, decreased shoot, root length, biomass, root 
discoloration of tomato 

Kistner et al. 2004 

Greenhouse bio-detoxified 
OMWW 

Increased shoot length, number of leaves, fresh weight shoot-root-stem 
of tomato 

Kistner et al. 2004 

TPOMW land application Reduced growth of lettuce and soybean Martín et al. 2002 
OMWW land application Reduced viability and biomass production in spearmint and peppermint El Hassani et al. 2009a, 2009b 
OMWW land application Differential response of Trifolium repens growth on first and second 

crop 
Vassilev et al. 1998 

OMWW land application Promotion of plant growth, crop yield, increased shoot-root length, total 
leaves, spike number of maize and wheat, enhancement of date palm 
growth, shoot weight, trunk height, crown circumference 

Elliot and Stevenson 1977; Paredes et 
al. 1987; Tomati and Galli 1992; 
Brunetti et al. 2005; Aqeel and Hameed 
2007; Belaqziz et al. 2008; Hanifi and 
Hadrami 2008 

OMWW land application No harmful effects on olive trees, pea and bean growth Perez et al. 1986; Ben Rouina 1994; 
Ben Rouina et al. 1999 

 Plant physiology  
Greenhouse raw OMWW Nutrient deficiencies Ca, Fe, Mg, K of spinach, peas, tomato Asfi et al. 2006; Ouzounidou et al. 

2008a, 200b 
Greenhouse raw OMWW Loss of photosynthetic pigments of tomato Ouzounidou et al. 2008a 
Greenhouse raw OMWW Reduced vitality index (Rfd) and �PSII Asfi et al. 2006; Ouzounidou et al. 

2008b 
Greenhouse raw OMWW 
OMWW land application 

Inhibition of assimilation rate, decreased WUE and photochemical 
quenching (qP), increased non photochemistry quenching (qN) of 
tomato and olive trees 

Ouzounidou et al. 2008a; Mechri et al. 
2008 

OMWW land application Highest phenolics compound, peroxidase activity of maize El Hadrami et al. 2004; Belaqziz et al. 
2008; Hanifi and El Hadrami 2008 

Greenhouse raw OMWW Qualitative and quantitative differences of phenolic compounds, 
peroxidases, chlorophylls on maize, wheat, chickpea 

El Hadrami et al. 2004 

OMWW land application Deep reduction of essential oil yield and disappearance of essential oil 
constituents in spearmint 

El Hassani et al. 2009a 

OMWW land application Reduction of chlorophylls and total proteins and accumulation of 
phenols in peppermint 

El Hassani et al. 2009b 

Greenhouse raw OMWW Hormone production by fungi using as growth medium OMWW Yurekli et al. 1999 
 Fruit production-quality  

Greenhouse raw OMWW Reduced fruit yield, lower ascorbic acid and sugars of tomato Ouzounidou et al. 2008a 
Greenhouse raw OMWW Fewer, smaller peas fruits, decreased nutritional value Ouzounidou et al. 2008b 

 

25



Terrestrial and Aquatic Environmental Toxicology 4 (Special Issue 1), 21-38 ©2010 Global Science Books 

 

bean (Glycine max) and lettuce (Lactuca sativa) plants 
colonized with the arbuscular fungi Glomus mosseae or G. 
deserticola was reduced; moreover, the application of the 
waste decreased in most cases the percentage of AM 
colonization of plants and showed that AM fungi increased 
the phytotoxicity of TPOMW in lettuce and soybean (Mar-
tín et al. 2002). Furthemore, it has been found that OMWW 
negatively affected the early growth stage of plants (Perez 
et al. 1980, 1986). 

Fertigation of some crops from Mediterranean basin 
(maize, wheat, chickpea and tomato) by various concentra-
tions of OMWW showed significant different influences as 
respect to controls both with regard to the germination and 
growth stages of the plants (El Hadrami et al. 2004). High 
reduction of shoot and root weight, of ramification and leaf 
extension rates, accompanied with significant reduction of 
yield, were observed for all the studied crops, especially 
wheat. The differences observed for some physical and 
chemical parameters between industrial and traditional 
OMWW samples could be partly ascribed to the different 
olive oil extraction procedures used in industrial and trad-
itional mills (El Hadrami et al. 2004). For instance, the 
higher electrical conductivity measured for the traditional 
OMWW could be due to the high level of sodium and 
chloride elements. Furthermore, with the traditional method, 
the milling seems to be less efficient to liberate phenolics in 
the oil phase (lampante to ordinary quality). By contrast, 
industrial OMWW was less rich in polyphenols mainly due 
to the extraction procedure, which liberates more phenols in 
the oil phase (virgin to extra-virgin quality) than in the 
OMWW phase. 

On the other hand, OMWW was found to promote plant 
growth in some field experiments. Thus, according to 
Tomati and Galli (1992) and Aqeel and Hameed (2007) land 
supplemented with waste, containing humified fraction or 
organic materials, which can easily be humified, has been 
considered as positive soil treatment in agriculture. The 
suitability of olive waste as soil amendment was also sug-
gested by Paredes et al. (1987). It was concluded that olive 
mill by-products undergo processes that lead to production 
of humic acids. These substances have similar role in soil as 
other naturally humic fraction usually present in soils. 
Several experiments confirmed the degradation of organic 
load in soil within a relatively short time and with a con-
sequent enrichment of soil in nitrogen, phosphorus and pot-
assium (Estaun et al. 1985; Aqeel and Hameed 2007). Crop 
yield improvement, after the administration of different 
amounts of olive mill by-products to cultures has been re-
corded by many authors (Elliot and Stevenson 1977; Tomati 
and Galli 1992). No harmful effects have been reported on 
trees and some seed legume crops such as pea and bean 
(Phaseolus vulgare L.) (Perez et al. 1986). Many cultures 
may benefit from olive mill by-products when distributed in 
adequate amounts at a right time. The growth of Trifolium 
during the second crop was higher than that of the control. 
Similarly, the introduction of untreated OMWW in soil 
resulted in the lowest value of plant P uptake during the 
first crop and the greatest further enhancement during the 
second crop. The enrichment of untreated OMWW with 
rock phosphate resulted in a slight plant growth increase, 
which was more pronounced in the mycorrhizal treatment 
(Vassilev et al. 1998). Maize plants grown on soil amended 
with 10 and 20 m3 ha-1 showed an enhancement of their 
shoot height and roots length as compared to control 
(Belaqziz et al. 2008). Total leaves and spike numbers of 
treated plant did not show any significant difference as com-
pared to control. However, plants treated with 20 m3 ha-1 of 
OMWW presented higher increase for spike, and stems 
fresh and dry weight. Maize yield was higher in fertilized 
and amended soils as compared to the control soil. Several 
chemical and biochemical properties of the investigated soil 
changed in response to the application of OMWW (Paredes 
et al. 1987; Sierra et al. 2001; El Hadrami et al. 2004). The 
increase of nutrient contents, C, N, P and K at the field 
treated with fertilizer and amended with the highest rate of 

OMWW (20 and 50 m3 ha-1), led to a beneficial effect on 
the soil fertility (Belaqziz et al. 2008). Soils treated with 10 
and 20 m3 ha-1 of OMWW showed relevant growth stimu-
lation notably with regard to maize leaf area, shoot height, 
root length, spike, stems, fresh and dry weight. This could 
be due to nutrient availability, notably nitrogen, organic 
matter, P and K (Nevens and Reheul 2003; Gavalda et al. 
2005). This amelioration in plant growth can also be ex-
plained by stimulation of soil microbial activity (Tomati et 
al. 1996) and by the amelioration of the physical properties 
of the soil (Fischler et al. 1999). Moreover, the effects of 
the addition of either crude or exhausted olive pomace at 
two rates 10 and 20 t ha-1 on soil and soil humic acid pro-
perties and durum wheat yield were investigated in field by 
Brunetti et al. (2005). Hence, soil application determined a 
significant increase of total and grain dry matter yields 
spike and kernel numbers per square meter and kernel 
weight. These findings suggest that the increase of wheat 
grain yield in soils amended with olive pomaces may be 
related primarily to the increased content of both humified 
and nonhumified soil organic matter fractions. Most prob-
ably, the enhanced amount of soil organic matter relieves 
wheat of drought stress from anthesis to maturity by promo-
ting a good soil structure, thereby reducing water loss by 
evaporation. 

The phytotoxic effect of the OMWW phenolic com-
pounds on vegetative production of olive trees was evalu-
ated by Ben Rouina (1994) and Ben Rouina et al. (1999). 
Better olive production yield, but no apparent effects on the 
physiology and growth of olive trees after 5 successive 
years of OMWW application, was observed. However, 
olive trees can not be used for monitoring phytotoxicity 
since they are very resistant to stresses such as drought, 
salinity, etc. In Mekki et al. (2007) study, the model sensi-
tive plant B. cernua was used and demonstrated that spread-
ing OMWW, even once per year, may modify the soil struc-
ture and composition which could affect olive trees after 
long-term application. Hanifi and El Hadrami (2008) evalu-
ated the valorization of soil and OMWW-intrinsic natural 
degradation potencies as an alternative for safe agronomic 
management of raw OMWW. In a field experiment, results 
of three years application of crude OMWW at relatively 
high dose (150 m3 ha-1 year-1) revealed no important pertur-
bations in respect to edaphic parameters notably salinity, pH 
and phenolic content, thus asserting OMWW biodegrade-
tion in the studied calcareous soil. Date palm (Phoenix dac-
tylifera L.) plant growth was efficiently raised by OMWW 
inputs. Significant amelioration was obtained notably in 
term of shoots weight, trunk height and crown circumfer-
ence. Along with the correct choice of convenient soils 
(notably calcareous ones and tolerant crops such as palm), 
the storage of OMWW could constitute an efficient ap-
proach for avoiding problems attributed to the uncontrolled 
disposal of these effluents and for efficiently recovering 
their fertilizing value (Hanifi and El Hadrami 2008). 
 
Effects on plant physiology and metabolism 
 
According to Asfi et al. (2006) and Ouzounidou et al. 
(2008b), spinach and peas treated with raw and diluted 
OMWW revealed nutrient deficiency symptoms, since the 
uptake and translocation of Ca, Fe, Mg and K were im-
peded. These findings are in accordance with those of 
Ouzounidou et al. (2008a), who reported that tomato plants 
grown on sterilized sand, revealed higher loss of the photo-
synthetic pigments (chlorophylls and carotenoids) than 
plants grown on cultivated soil; whereas, a remarkable chlo-
rosis of the old leaves was also observed on OMWW 
treated plants grown on sand. The significant loss of chloro-
phyll content in the OMWW-treated plants, may be attrib-
uted to the interference of the toxic substances present in 
OMWW in the formation of chlorophyll. Moreover, the 
decrease in photosynthesis can be related to the significant 
decrease observed in leaf Fe concentration (Morales et al. 
1998). 
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The vitality index (Rfd) of the peas and spinach leaves 
under OMWW application was significantly suppressed and 
the photosynthetic pigments were decreased, while the pro-
portion of the light absorbed by the chlorophylls associated 
with PSII that is used in photochemistry (�PSII) was highly 
reduced, showing functional disturbances in the chloro-
plasts (Asfi et al. 2006; Ouzounidou et al. 2008b). Photo-
synthesis was seriously inhibited by OMWW. The strongly 
limited photosynthetic rate (PN) might be due to reduced 
stomatal aperture. The significantly suppressed water use 
efficiency (WUE) indicates the induction of water stress by 
OMWW application. It is worth noting that OMWW ap-
plication on sand and on soil, displayed different effects on 
the photosynthesis physiology (Ouzounidou et al. 2008a). 
OMW supply to soil, inhibited the assimilation rate and the 
WUE, rather than the transpiration and stomata closure. On 
the contrary, OMWW supply to sand caused a complete 
closure of stomata with concomitant negative effects on 
assimilation and transpiration rates. This could be a result of 
leaf water stress a fact that is confirmed by the high proline 
concentration in leaves of tomato (Ouzounidou et al. 2008a). 
The insufficiently utilized assimilatory force by Calvin 
cycle slowed down due to raw OMWW application, may 
enhance proton gradient formed in chloroplasts and increase 
non-photochemical dissipation of light energy and decrease 
photochemical efficiency. The slight decrease in Fv/Fm and 
the big decrease in photochemical quenching (qP), indicate 
that OMWW diminished reoxidation of QA

- and started to 
inactivate the RC of PSII. In addition, the severe increase in 
non-photochemical quenching (qN), might be due to the 
dissociation of light-harvesting complex from PSII core 
(Ouzounidou and Ilias 2005). 

Olive trees amended with 100 and 150 m3 ha-1 resulted 
in significantly lower photosynthetic rates (Mechri et al. 
2008) which were measured in the field by a LI-6400 gas 
exchange system from 10:00 to 13:00 AM. In comparison 
with the control olive trees, application of OMWW de-
monstrated a significant increase in P concentration in the 
roots but not in the leaf. OMWW is known to increase soil 
organic matter and the concentrations of essential inorganic 
elements for plant growth resulting in enhanced soil fertility 
(Paredes et al. 1999). Carbohydrates are one of the principal 
elements of plant growth. Low concentrations of carbohyd-
rates result in reduced plant growth and also in reduced 
arbuscular mycorrhizal fungi root colonisation (Smith and 
Read 1997). It was observed that the amount of root-soluble 
carbohydrate was decreased significantly after agronomic 
application of OMWW. During the same time, the abun-
dance of saprotrophic fungi was markedly higher in the 
OMWW amended soils than that in the control soil. The 
significant difference in photosynthesis between irrigated 
and non-irrigated olive trees observed in their study, indi-
cates that agronomic application of OMWW can cause 
changes in some olive trees physiological parameters. To 
our knowledge the decreased root colonisation observed 
after agronomic application of OMWW might have de-
creased the translocation of photosynthates to roots in 
OMWW amended olive trees which, in turn, could have 
decline the photosynthetic rate (Douds et al. (1988). Wright 
et al. (1998) demonstrated that arbuscular mycorrhizal fun-
gal colonisation stimulated the rate of photosynthesis suf-
ficiently to compensate for the carbon requirement of the 
fungus. 

Yurekli et al. (1999) used sterilized and diluted OMWW 
as growth media for the production of plant growth hor-
mones. Gibberellic acid (GA3), absisic acid (ABA), indole-
3-acetic acid (IAA) and cytokinin (zeatin) were determined 
in the culture media of the fungi examined. Both organisms 
produced high levels of all three hormones in the presence 
of the wastewaters. It is known that higher plants and 
microorganisms produce plant growth regulators and that 
wastewaters can be used as growth media for fungi (Yesi-
lada et al. 1998), which can diminish the pollutant effects of 
wastewaters. 

Belaqziz et al. (2008) reported high contents of pheno-

lic compounds and peroxidase activity in maize plants 
cultivated in field treated with 20 and 50 m3 ha-1 of OMWW. 
Positive correlations between peroxidase activity and phe-
nolic contents and peroxidase activity with protein contents 
were also observed. The neoaccumulation of phenolic com-
pounds is common feature in many species in response to 
several biotic or abiotic stresses, and phenolic compounds 
are believed to have antioxidant properties (Cummins et al. 
2006; Wahid and Ghazanfar 2006). Accumulation of new 
phenolic compounds, particularly some flavonoids were re-
vealed when plants were treated by OMWW (El Hadrami et 
al. 2004; Hanifi and El Hadrami 2008). Peroxidases are 
related to OMWW cellular detoxification presumably by 
catalyzing the phenolics oxidation at the expanse of hydro-
gen peroxide (Wang and Ballington 2007). Peroxidases play 
a central role in the detoxification of plant. This bioche-
mical parameter is also involved in lignin biosynthesis as a 
physical barrier against several stresses (Adam et al. 1995; 
Hegedus et al. 2001). 

According to El Hadrami et al. (2004) significant quali-
tative and quantitative differences of some stress indicators 
such as phenolic compounds, peroxidases, chlorophyll con-
tents were also detected between OMWW treated maize, 
wheat and chickpea plants and controls. Hence, a reduction 
of chlorophyll contents accompanied by 3 to 5 times stimu-
lation of peroxidases activities and 1.25 to 7 times of phe-
nolic compounds accumulation was observed for OMWW 
treated plants in comparison to controls. Studies of some 
stress indicators have shown, in general, a stimulation of 
secondary metabolites and the peroxidases activity with a 
deterioration of chlorophyll. Taking into account the role of 
peroxidases in the scavenging of active oxygen species and 
free radicals, and in the cell walls cross-linking (Mocquot et 
al. 1996; Prasad et al. 1999), it may be suggested that the 
phytotoxic effects of OMWW on fertirrigated crops results 
in an oxidative stress as demonstrated in other systems 
(Gallego et al. 1996; Clijsters et al. 1999). 
 
Effect on fruit productivity-quality 
 
Few studies have been carried out on changes of fruit qua-
lity under OMWW application. Ouzounidou et al. (2008b) 
investigated the effects of raw OMWW supplied in two 
dilutions (1:20 and 1:10 v/v) on one month old pea plants 
grown in soil under greenhouse conditions. Despite the 
OMWW toxicity on peas, fruit production occured. Fruits 
of control plants were fresh, well formed with bright green 
color, while those of OMWW were fewer, smaller in size 
and discolored. Fruits of plants grown with OMWW had 
decreased nutritional value e.g. decreased glucose and fruc-
tose concentration and increased glucose/fructose ratio indi-
cating that fruits produced under OMWW were immature. 
In addition, a significant loss of ascorbic acid and an en-
hanced phenol concentration was observed. In parallel, in 
the experiments conducted by Ouzounidou et al. (2008a) on 
sand and soil growth media using tomato as test plant, it 
was found that the long-term OMWW application caused 
reduction on fruit yield measured either as number of fruit 
per pot or fruit size as a consequence of flower abortion. 
Generally, plants treated with high OMWW concentration, 
produced fewer but bigger tomatoes, as compared to plants 
treated with lower OMWW concentration. Not only the 
yield but also the quality characteristics of tomatoes have 
been changed under OMWW application. The reduced 
sugars and the soluble solids, which have been correlated 
with sweetness and the fruitiness, were significantly sup-
pressed under OMWW application. Several studies report 
the allelopathic effects of phenolic compounds of OMWW 
on higher plants and it has been suggested that such effects 
arise from alterations of water uptake, or of the metabolism 
of auxins and/or other phytohormones (Capasso et al. 1992; 
Bonari et al. 1993; Casa et al. 2003). 
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MICROBIOLOGICALLY-TREATED OLIVE MILL 
WASTE AND THEIR EFFECTS ON PLANTS 
 
Microbial olive mill waste detoxification, bioremediation 
and/or biodegradation was attempted in the past through 
various approaches, i.e. through the use of indigenous 
microorganisms, or by inoculating arbitrarily chosen spe-
cies/strains (which were however known for their ability to 
bioconvert waste/compounds of similar nature), through the 
use of suitable enzymes, by anaerobic digestion, or through 
co-composting with other agricultural waste and by-prod-
ucts, or by exploiting commercial consortia of microorga-
nisms, etc. The detoxified olive mill waste presented an 
added value since they could be used for enhancing soil fer-
tility and plant growth (e.g. as soil amendments, plant ferti-
lizers and/or pathogens suppressants), for biomass (single 
cell protein, mycelium, edible mushrooms) production, for 
the generation of fungal extracellular metabolites, etc. Espe-
cially as regards the effect of the microbiologically treated 
olive mill waste on phytotoxicity and plant growth, particu-
lar emphasis has been recently placed on pertinent applica-
tions aiming at valorizing olive mill waste for the produc-
tion of soil amendments, plant fertilizers and/or pathogens 
suppressants; an overview of such studies is provided below 
(and the results of the effect of microbiologically-treated 
olive mill waste on plants are summarized in Table 2). 
 
Microbial treatment of olive mill waste by 
indigenous microorganisms 
 
Several research groups have drawn their attention on the 
exploitation of microorganisms isolated directly from 
OMWW or from substrates receiving OMWW for long 
periods. Characteristic is the case of a Azotobacter vinelan-
dii strain originating from soil treated with OMWW, which 
was subsequently used as inoculum for the aerobic biodeg-
radation of OMWW in a biowheel-type reactor, since it was 
found to reduce significantly OMWW phytotoxicity by red-
ucing COD (70% after three days) and phenolic compounds 
(up to 100% within seven days) and enhance soil fertility 
(Ehaliotis et al. 1999; Piperidou et al. 2000). Its use was 
based on experimental evidence that OMWW lead to 
enrichment of soils in nitrogen-fixing bacteria (Paredes et al. 
1987; Balis 1994), whereas an increase of ca. 600-fold was 
recorded in OMWW amended soils from where several 
diazotrophs were isolated (Balis 1994). Apart from the nit-
rogen gain, free-living nitrogen bacteria benefit soils by 
producing plant growth regulators, and by enriching them in 
polysaccharides which further improve stability of soil 
aggregates (Balis 1994; Balis et al. 1996). Such beneficial 

effects were also confirmed by Fiorelli et al. (1996), who 
evidenced active nitrogen fixation by the same A. vinelandii 
strain grown in OMWW accompanied by a two- to three-
fold increase in IAA biosynthesis when tryptophan was 
added in the growth medium. Such bacterial nitrogen-fixing 
ability by growing on OMWW and produce hormone-like 
compounds was previously made evident for Arthrobacter 
strains as well (Tomati et al. 1990). The capacity for exo-
polysaccharides (EPS) synthesis was also notable among 
Paenibacillus jamilae strains initially isolated from a com-
post of corn treated with OMWW; the strain with the high-
est EPS yield presented a more than 50% reduction in 
OMWW toxicity (Aguilera et al. 2001, 2008). 

In another pertinent study (Ntougias et al. 2006a), 119 
strains of indigenous microorganisms were isolated from 
OMWW and TPOMW; 28 of them (one bacterium, eight 
yeasts and nineteen filamentous fungi) decreased phytotoxi-
city up to 17 times as compared to the control, while some 
of the strains also reduced phenolic content (up to 43%) 
and/or colour (up to 85%). For all isolates, total content in 
polyphenolics and germination index were not correlated; 
ten of the screened strains failed to reduce polyphenolics, 
although they decreased phytotoxicity by 66.3-126.9%. 
OMWW indigenous bacterial strains of the genera Pseudo-
monas, Sphingomonas and Ralstonia were characterized by 
Di Gioia et al. (2001, 2002), and were found capable of 
aerobically degrading hydroxylated and methoxylated 
monocyclic aromatic compounds present in this waste. 
Further interest in such indigenous bacterial isolates led to 
the description of new genera and species, which were sub-
sequently studied for their efficacy in biodegradation and 
detoxification of olive mill waste (Ntougias and Russell 
2001; Ntougias et al. 2006b, 2007a, 2007b). 

Particularly pronounced were the effects presented by a 
Phanerochaete chrysosporium strain isolated from Moroc-
can OMWW, which reduced phenolics content, COD and 
colour by at least 60% within nine days of growth under 
optimized conditions (Kissi et al. 2001). From Morocco 
again, yeasts isolated from olive oil mills demonstrated sig-
nificant reduction of total phenols concentration and of 
COD (44 and 63%, respectively), whereas an indigenous 
Candida holstii strain presented high germination rate 
(80%) of barley seeds in undiluted OMWW (Ben Sassi et al. 
2008). On the other hand, Penicillium spp. isolated from 
OMWW disposal ponds demonstrated also reduction in the 
effluents COD value and phenolics content (ca. 45%), 
which was accompanied by a decrease in its antimicrobial 
effects (Robles et al. 2000). Similar results have been pre-
viously obtained by several species of the genus Aspergillus 
isolated from this waste and found to be particularly ef-

Table 2 Direct and indirect effects of microbiologically-treated (excl. composts) olive mill wastes on plants. 
Waste Microorganism Outcome/Effect References 
OMWW Azotobacter vinelandiia active N fixation, IAA production Fiorelli et al. 1996 
OMWW Aspergillus niger beneficial effect in the growth of Trifolium plants Vassilev et al. 1998 
OMWW Azotobacter vinelandiia active N fixation, polysaccharide production Ehaliotis et al. 1999 
OMWW Lentinula edodesb increase in germination of durum wheat seeds Casa et al. 2003 
OMWW Consortium 

(anaerobic digestion) 
decreased phytotoxicity on cress seeds Filidei et al. 2003 

TPOMW Phanerochaete flavido-alba increase (by >40%) in the shoot length of tomato seeds Linares et al. 2003 
OMWW Aspergillus niger increase in seed biomass, spike number, and kernel weight of durum wheat plants Cereti et al. 2004 
OMWW Lentinula edodes increase in germination of durum wheat seeds D’Annibale et al. 2004b
TPOMWc saprotrophic fungi decrease of phytotoxicity in tomato and soybean plants Sampedro et al. 2004a
TPOMWc Fusarium lateritium elimination of phytotoxicity and increased shoot dry weight of tomato plants Sampedro et al. 2005 
TPOMW Coriolopsis rigida increase in tomato shoot dry weight Aranda et al. 2006 
OMWW Panus tigrinus (± laccase) elimination of phytotoxicity and mean germination times of maize seeds Quaratino et al. 2007 
TPOMWc Fusarium oxysporum decrease of phytotoxicity in seedlings of tomato, soybean and alfalfa plants Sampedro et al 2007a 
TPOMWc Poria subvermispora 

Coriolopsis rigida 
decreased (by 60.3% and 57.4% respectively), inhibition of tomato plant growth Sampedro et al 2007b 

OMWW Candida holstiia increase in germination (80%) of barley seeds Ben Sassi et al. 2008 
TPOMWc Paecilomyces farinosus decrease of phytotoxicity, and increase of shoots and roots biomass in alfalfa plants Sampedro et al 2009 

a Microorganisms isolated directly from olive mill wastes or from substrates receiving OMWW. 
b Experiments were performed with laccase deriving from L. edodes (without the presence of the fungus). 
c Dried TPOMW (dry olive-mill residue, DOR) was used. 
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ficient at its degradation: strains of A. niger yielded large 
amounts of biomass with the simultaneous elimination of 
COD and improved the filtration kinetics of the effluent 
(Raimbault and Mazard 1980; Hamdi et al. 1991; Hamdi 
and Ellouz 1992), while A. flavus, A. versicolor and A. 
terreus were reported to grow well and decrease the OMWW 
content in polyphenols (Saiz-Jiménez and Gómez-Alarcón 
1986; Martínez-Nieto et al. 1992). Furthermore, Candida 
tropicalis strain isolated from OMW decreased COD values 
of OMW in batch cultures by 62.8%, whereas polyphenols 
removal reached 51.7% and it was accompanied by signi-
ficant decolorization of the effluent (Fadil et al. 2003). 
Similarly, it was determined that yeasts (Candida boidinii 
and Saccharomyces sp.) isolated from TPOMW were able 
to reduce its COD and phenolic content (Giannoutsou et al. 
2004). In addition, significant decrease in the polyphenolic 
content of the TPOMW by its indigenous microbiota (and 
especially after stimulation of its fungal fraction) was also 
assessed through the use of laboratory-scale bioreactors 
(Morillo et al. 2008). 
 
Detoxification and biodegradation of OMWW 
through the use of fungi 
 
Vassilev et al. (1997) used a passively immobilized, acid-
producing strain of A. niger for the detoxification of OMWW 
supplemented with N and Mg, and achieved 59% reduction 
in the initial phenolic content of the waste with a simultane-
ous decrease in its pH. When five types of OMWW with or 
without the addition of rock-phosphate (RP) (receiving fun-
gal treatment or not), were tested in a soil-Trifolium system 
for their fertilizing ability, the beneficial effect of fungal 
treated OMWW was more evident during the first crop 
cycle. The best plant growth response and phosphorus up-
take were found in mycorrhizal plants grown in soil amen-
ded with fungal treated OMWW+RP. The growth of A. 
niger on OMWW supplemented with RP was also studied 
by Cereti et al. (2004) in an air-lift bioreactor in batch and 
repeated-batch processes. The fungus grew well and reduced 
the waste COD by 35 and 64% in the batch and repeated-
batch (fourth batch) processes, respectively; on the other 
hand reduction of total phenols was minimal. In a subse-
quent greenhouse experiment, it was found that fertilizing 
effects of OMWW application on a soil-wheat (Triticum 
durum Desf.) model system were most pronounced when 
OMWW was previously treated by the repeated-batch 
process; plants which received such effluents showed an 
increase in seed biomass, spike number, and kernel weight, 
which were accompanied by the relatively highest harvest 
index. Several other microorganisms (mainly fungi) were 
selected for the biodegradation and detoxification of olive 
mill waste. For example, Candida tropicalis strain YMEC14 
demonstrated 69.7, 69.2, and 55.3% reduction of COD, 
monophenols and polyphenols, respectively, within a 24 h 
fermentation cycle of OMWW supplemented with hexa-
decane by immobilizing yeast cells in calcium alginate beads 
(Ettayebi et al. 2003). Similarly, strains of Yarrowia lipo-
lytica grown in OMWW achieved reduction of COD and 
polyphenols, which was accompanied with production of 
citric acid and lipase (Scioli and Vollaro 1997; Lanciotti et 
al. 2005). In addition, two strains of Geotrichum sp. and 
Aspergillus sp. decreased COD values by 55.0 and 52.5%, 
and polyphenols by 46.6 and 44.3%, respectively, and 
achieved a high decolorization of OMWW (Fadil et al. 
2003). 

White-rot fungi, on the other hand, constitute a rather 
physiological group comprising organisms capable of ex-
tensively degrading lignin by excreting one or more of three 
potent non-specific extracellular enzymes; many of the 
compounds found in olive mill waste are identical, or very 
similar to the enzymatic degradation products of lignin by 
white-rot fungal ligninases, peroxidases and lacasses/phe-
noloxidases. These microorganisms have been preferably 
used either for the pre-treatment of olive mill waste or 
directly for the bioremediation of its notorious environmen-

tal effects achieving depolymerization of high molecular 
mass aromatics combined with the mineralization of a wide 
range of monoaromatics leading to COD reduction and 
decolourization through the contribution of their enzymatic 
systems (Sayadi and Ellouz 1993; Martirani et al. 1996; 
Sayadi et al. 2000). Hence, one of the most commonly used 
species Ph. chrysosporium demonstrated a high OMW de-
colourization efficiency (by 73%), phenolics reduction (by 
90%), and COD decrease (by 45%) (Dias et al. 2004). 
When fungal treatment of OMWW was used as a pre-treat-
ment stage prior to anaerobic digestion, COD of the effluent 
was reduced by 50%; however, subsequent biomethanation 
was inhibited by the remaining high biotoxicity (Gharsallah 
et al. 1999). In contrast, OMWW pre-treatment with Ph. 
chrysosporium followed by anerobic digestion and ultrafil-
tration resulted in complete detoxification of the effluent 
(Dhouib et al. 2005). At a further step, when Ph. chrysospo-
rium or Trametes versicolor were tested for their OMWW 
biodegradation efficacy in the presence of activated sludge 
(and the resulting competition with other microorganisms), 
they showed high removal of organic matter, reduced COD/ 
BOD5 ratio and toxicity; the subsequent anaerobic digestion 
of OMWW pretreated with activated sludge and white-rot 
fungi showed higher biomethanization yields than that pre-
treated with activated sludge only (Dhouib et al. 2006). 

Similarly effective was the use of Pleurotus ostreatus, 
since OMWW pre-treated with this fungus was more ame-
nable to a subsequent anaerobic digestion (Fountoulakis et 
al. 2002). This result is a consequence of the significant 
OMWW polyphenolics reduction achieved primarily by the 
P. ostreatus laccases (Tsioulpas et al. 2002; Aggelis et al. 
2003); its capacity to remove phenols from the OMWW-
based culture medium reached 78% of the initial concentra-
tion for sterilized (50% diluted) OMWW, whereas the res-
pective values could exceed 60% for the thermally pro-
cessed (pasteurized) OMWW even without dilution (Foun-
toulakis et al. 2002). In other cases, polyphenols abatement 
was shown to be controlled by the availability of nutrients 
and reached levels of 95% of the initial concentration, while 
bioconversion of non-sterilized OMWW did not result into 
appreciable decolourization of the liquid medium (Olivieri 
et al. 2006). Noteworthy is the use of this species for pro-
ducing edible mushrooms when raw OMWW is applied on 
a suitable mycelium support, e.g. wheat straw, olive press 
cake, etc. (Sanjust et al. 1991; Zervakis et al. 1996; Kalmis 
et al. 2008). 

Furthermore, several other selected white-rot fungi 
proved to be efficient at the detoxification of OMWW. 
Hence, an adapted T. versicolor strain was able to remove 
78% of total phenolics in shake flask experiments and 39% 
in static culture using undiluted OMWW medium, while in 
continuously stirred tank reactor (CSTR) conditions, 70% 
of total phenolics removal was achieved, and subsequent 
analysis revealed that no simple phenolics were present in 
the medium after the 8th day of cultivation (Ergul et al. 
2009). Furthermore, when Panus tigrinus degradative capa-
bility was investigated in shaken cultures using two dif-
ferent OMWWs, it was shown that only when the effluent 
was diluted by 50% (v/v to water, initial COD: 43,000 mg 
l�1) the fungus could readily and efficiently degrade the 
phenolics and decolorize OMWW, while in undiluted 
OMWW the fungus demonstrated a significant delay in re-
moval of color, organic load and phenolics, which was asso-
ciated with delayed onset of laccase and Mn-dependent per-
oxidase (D’Annibale et al. 2004a). When Phanerochaete 
flavido-alba was tested, it was found that nitrogen-limited 
cultures containing 40 μmg l-1 Mn(II) were the most effici-
ent not only at decolorizing OMWW but to produce a 90% 
decrease in the OMWW phenolic content as well (Ben 
Hamman et al. 1999). The same fungus was also involved 
in the degradation of aromatic compounds (51.7%) and de-
colourization (70.3%) of OMWW in a bioreactor experi-
ment (Blanquez et al. 2002), whereas when it was incubated 
for 48 h achieved 60% OMWW decolourization combined 
with detoxification and phenolics degradation (Ruiz et al. 
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2002). In another study (Assas et al. 2002), the use of 
aerated batch bioreactor with Geotrichum candidum led to 
significant colour removal (75%) and COD reduction (50%) 
in fresh OMWW. Optimisation of different factors con-
trolling G. candidum cultures in OMWW showed that dilu-
tion, carbon and ammonium concentrations significantly 
affected decolourisation and activities of ligninolytic per-
oxidases (LiP and MnP), while batch and continuous 
OMWW treatments in settler or bubble column bioreactors 
showed high COD and colour removal efficiencies of 60 
and 50%, respectively (Asses et al. 2009). These data con-
firm the outcome of a previous work (García García et al. 
2000) reporting that G. candidum was able to grow and 
decrease the OMWW organic load but did not affect the ef-
fluent total phenol concentration; in contrast, a Ph. chryso-
sporium strain demonstrated a particularly high (exceeding 
85% within 3 days of incubation) decrease in OMWW phe-
nolics content accompanied by an up to 75% COD reduc-
tion. In another study, Pycnoporus coccineus, Pleurotus 
sajor caju, Coriolopsis polyzona and Lentinus tigrinus 
proved to be very active in decolourisation and COD 
removal of OMWW at 50 and 75 g l�1 COD, while at 100 g 
l�1 COD only the first two fungi were effective; in particular, 
P. sajor caju and C. polyzona showed levels of decolouri-
sation as high as 75% when COD of the effluent was 50 g 
l�1, and both mono and polyaromatics were considerably 
reduced after 20 days incubation with C. polyzona (Jaouani 
et al. 2003). Furthermore, germinability experiments on 
durum wheat showed that OMWW phytotoxicity was sig-
nificantly reduced through the use of Lentinus edodes cul-
tures by 34 ± 5% and 57 ± 6% in undiluted and two-fold 
diluted effluent, whereas it was almost completely sup-
pressed in the respective control treatments (D’Annibale et 
al. 2004b). 

On the other hand, when dry TPOMWW (or dry olive 
mil residue, DOR) was treated with selected lignin-deg-
rading fungi such as Phlebia radiata, Coriolopsis rigida, Ph. 
chrysosporium, Pycnoporus cinnabarinus, Poria subvermi-
spora and Pleurotus pulmonarius, its chemical composition 
and phytotoxicity was not seriously affected after 2 weeks 
of incubation; in contrast, both a significant depletion of 
phenolic compounds and a partial removal of phytoxicity 
towards tomato plants were generally obtained after 20 
weeks, while the most effective fungus in degrading lignin, 
total phenols and in removing phytotoxicity was C. rigida 
(Sampedro et al. 2007b). Similar results on dry TPOMW, 
but this time by using the non-pathogenic fungus Fusarium 
lateritium, were obtained after 20 weeks of incubation with 
a significant (80%) reduction in ethylacetate extractable 
phenols (through the production of several lignin-modifying 
oxidases, including laccase, Mn-peroxidase and Mn-inhib-
ited peroxidase) combined with complete removal of the 
waste phytotoxicity and a higher shoot dry weight of tomato 
plants than that obtained in the absence of the treated waste 
(Sampedro et al. 2005). In a pertinent previous work (Sam-
pedro et al. 2004b), it was found that most of the sapro-
trophic fungi tested first eliminated o-diphenols and then 
non-o-diphenols from dry TPOMW (with the exception of 
Ph. chrysosporium and Paecylomyces farinosus, which first 
removed hydroxytyrosol and tyrosol and then eliminated all 
monomeric phenols; as concerns waste decolorization, C. 
rigida showed the highest capacity, followed by Phlebia 
radiata, Py. cinnabarinus, and Ph. chrysosporium. In ad-
dition, incubation of dry TPOMW for 20 weeks by these 
fungi could significantly increase the biomass production of 
tomato plants (Sampedro et al. 2004a). Similar results on 
dry TPOMW, but this time by using the non-pathogenic 
strains of Fusarium lateritium and F. oxysporum, were ob-
tained after 20 weeks incubation with a significant reduc-
tions of ethylacetate extractable phenols (through the pro-
duction of several lignin-modifying oxidases) combined 
with complete removal of the waste phytotoxicity with a 
higher shoot dry weight of tomato plants presented by the 
former fungus, and of tomato, soybean and alfalfa seedlings 
by the latter (Sampedro et al. 2005, 2007a). 

TPOMW and pine chips mixtures have been treated by 
Ph. flavido-alba in solid-state cultures, and their resulting 
aqueous extracts contained about 70% less phenolic com-
pounds; hence, inhibition of tomato seed germination was 
eliminated to a significant degree (Linares et al. 2003). In 
addition, the use of two other white-rot fungi, Py. cin-
nabarinus and C. rigida, reduced the phytotoxicity of 
water-soluble substances from dry TPOMW on tomato 
plants through the production of laccase; a close relation-
ship was found between the amount of laccase produced 
versus the decrease in phenol content and phytotoxicity of 
TPOMW, and the increase in dry weight of tomato plants 
(Aranda et al. 2006). 

In other cases, where fungal enzymes (laccases) were 
directly applied for OMWW treatment, results were particu-
larly promising: germinability and mean germination times 
of maize seeds in soil spread with laccase-treated OMWW 
(up to volumes of 120 m3 ha-1) did not significantly differ 
from those observed in soil irrigated with tap water (con-
trol), although the highest phenol reduction (ca. 81%) was 
obtained by the sequential use of laccase and the white-rot 
fungus Panus tigrinus (Quaratino et al. 2007); in addition, 
OMWW treatment with laccase resulted in a 65 and 86% 
reduction in total phenols and ortho-diphenols, respectively 
(due their polymerization as revealed by size-exclusion 
chromatography), and germinability of durum wheat seeds 
was increased by 57% at a 1: 8 dilution and by 94% at a 1: 
2 dilution as compared to the same dilutions using untreated 
OMWW (Casa et al. 2003). Similarly efficient was also the 
use of laccase deriving from Pycnoporus coccineus and 
from L. edodes to decrease the phenolic content, COD and 
colour of OMWW (D’Annibale et al. 1998; Jaouani et al. 
2005). Earlier, Greco et al. (1999) study demonstrated that 
over 90% of low-molecular phenolics were removed through 
the use of polyphenol-oxidase and laccase. 
 
Other microbial processes for the treatment of 
olive mill waste 
 
Aerobic bacterial consortia (commercial formulations or 
not) from different sources have also been used for the 
treatment of OMWW (Zouari and Ellouz 1996; Benitez et 
al. 1997), demonstrating efficient removal of the organic 
load (by 85%) and phenols (by 67%) accompanied with 
reduced toxicity for rotifers and for crustaceans (by 43 and 
83%, respectively) (Isidori et al. 2004). Similar results were 
found by a combined approach (chemical oxidation and 
commercial bacterial consortium), where biological treat-
ment of OMWW led to significant reduction of COD (up to 
62.8%) and phenols (60.2%) in two activated sludge pilot 
plants (Fiorentino et al. 2004). 

Very scarce is the information obtained from the treat-
ment of OMWW through anaerobic digestion and the evalu-
ation of the end product as regards its effect on plants. 
Filidei et al. (2003) demonstrated that anaerobic digestion 
of OMWW first reduced the organic load by 78-89% and 
the content of polyphenols by 33–43%, and secondly pro-
duced biogas (mean value of methane 83-85%). Phytotoxi-
city tests carried out on Lepidium sativum seeds showed 
that the anaerobic treatment considerably reduced the 
phytotoxic character of OMWW. Anaerobic digestion of 
OMWW was successfully carried out for both the reactors, 
even if there were differences between reactor R1 (prepared 
with treated filtered OMWW) and reactor R2 (containing 
treated OMWW without separation of the sludge). The 
depuration efficiency was better for reactor R1 (total carbon 
removal of 60.38%, polyphenol removal of 20%) than for 
reactor R2 (total carbon removal of 34%, polyphenol re-
moval of 12%). Both the anaerobic effluents were much 
less phytotoxic than untreated OMWW; in particular the 
effluent of reactor R1 allowed a higher germination of Lepi-
dium sativum seeds than that of reactor R2. 
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Composting of olive mill waste and assessment of 
the end-product 
 
Since composting is an aerobic decomposition process that 
efficiently degrades and bioconverts (mainly through the 
use of microorganisms) complex organic compounds into a 
humus-like product, co-composting of OMWW with vari-
ous materials of agricultural origin results at detoxification 
of the waste and generation of a value-added product, 
which can successfully support plant growth and protection 
(Table 3). In order to achieve the proper conditions for 
OMWW composting, suitable material(s) should be sel-
ected for regulating the optimal starting C/N and moisture 
values. In the past, several research groups studied OMWW 
co-composting and the applications of the final product: 
Tomati et al. (1996) used OMWW and wheat straw for ob-

taining an organic amendment with a high degree of humifi-
cation and without phytotoxicity, Galli et al. (1997) studied 
the microbiological aspects of OMWW-wheat straw co-
composting, while other studies used only olive mill by-
products (olive press cake, olive leaves) for the co-com-
posting of OMWW for obtaining a soil amendment and 
fertilizer (Papadimitriou et al. 1997; Mari et al. 2003; Ntou-
gias et al. 2003). On the other hand, Paredes et al. (2001) 
reported that the addition of OMWW in piles composed of 
various agricultural residues and sewage sludge resulted in 
greater degradation of organic matter, higher pH and elec-
trical conductivity values and greater losses of total N than 
compost pile formed without OMWW. Such type of pro-
cesses led to significant degradation of complex organic 
compounds which is accompanied by the elimination of the 
phytotoxicity presented by the initial waste streams. Hence, 

Table 3 Composts deriving from olive mill wastes, and their principal properties and applications. 
Substrate/Source Properties/Applications References 
OMWW (with various agricultural residues) Organic soil amendment and/or fertilizer for plant growth Cegarra et al. 1996 
OMWW (with straw) Organic soil amendment and/or fertilizer for ryegrass, maize and 

horticultural plants 
Tomati et al. 1996 

OMWW with olive mill solid residue Soil conditioner Vlyssides et al. 1996 
OMWW with extracted olive press cake and olive leaves Organic soil amendment and/or fertilizer for plant growth Papadimitriou et al. 1997
OMWW (with cotton waste or maize straw) Organic soil amendment and/or fertilizer for plant growth Paredes et al. 2000 
OMWW (with sewage sludge, cotton gin and orange peels) Organic soil amendment and/or fertilizer for plant growth Paredes et al. 2001 
OMWW (solid fraction) and olive leaves Organic soil amendment and/or fertilizer for ornamental plants Garcia-Gomez et al. 2002
OMWW sludge (plus cotton gin and maize straw) Organic soil amendment and/or fertilizer for plant growth Paredes et al. 2002 
OMWW with extracted olive press cake Organic soil amendment and/or fertilizer for plant growth Mari et al. 2003 
OMWW with olive leaves and/or pomace and/or extracted 
press cake 

Organic soil amendment and/or fertilizer for plant growth Ntougias et al. 2003 

OMWW with olive pomace (plus wheat straw) Organic soil amendment and/or fertilizer for plant growth Baddi et al. 2004 
TPOMW (plus sheep litter) Organic soil amendment and/or fertilizer in olive orchards Cayuela et al. 2004 
Olive tree branches and extracted press cake (plus other 
wastes) 

Effective bulking agent for use in composting Manios 2004 

OMWW with olive pomace (plus poultry manure and wheat 
straw) 

Organic soil amendment and/or fertilizer for ryegrass Montemurro et al. 2004

Olive pomace (plus rice husk) Limited nematicidal activity Nico et al. 2004 
OMWW with olive leaves and extracted press cake Organic soil amendment and/or fertilizer for poinsettia Papafotiou et al. 2004 
TPOMW (plus sheep litter and sulphur) Organic soil amendment and/or fertilizer for plant growth Roig et al. 2004 
TPOMW (plus cotton waste) 
TPOMW (plus grape stalks) 

Organic soil amendment and/or fertilizer for pepper 
Organic soil amendment and/or fertilizer for plant growth 

Alburquerque et al. 2005
Baeta-Hall et al. 2005 

Olive press cake (plus digested biosolids from sewage 
sludge)a 

Reactivation of C, P and N-cycles in degraded soils for 
regeneration purposes 

Benitez et al. 2005 

TPOMW (plus goat manure and grape stalks) Organic soil amendment and/or fertilizer in olive orchards Cayuela et al. 2005 
Olive pomace and olive leaves Organic soil amendment and fertilizer for organic greenhouse 

production of cucumber, increase in rhizosphere temperature 
Ehaliotis et al. 2005 

OMWW with olive leaves and extracted press cake Organic soil amendment and/or fertilizer for foliage potted plants Papafotiou et al. 2005 
OMWW (with sewage sludge and cotton gin waste) Organic soil amendment and/or fertilizer for Swiss chard crop Paredes et al. 2005 
TPOMW (plus cotton waste, grape stalks, olive leaves, cow 
bedding) 

Organic soil amendment and/or fertilizer for plant growth Alburquerque et al. 2006

TPOMW (plus sheep litter and grape stalks) Organic soil amendment and/or fertilizer for plant growth Cayuela et al. 2006 
TPOMW (plus cotton gin waste) Organic soil amendment and/or fertilizer for ryegrass Alburquerque et al. 2007
Olive pomace (plus cotton gin trash) Suppressiveness against Botrytis cinerea Segarra et al. 2007 
TPOMW and olive leaves Organic soil amendment and/or fertilizer for plant growth Alfano et al. 2008 
TPOMW (plus animal manure, rice straw or almond shells) Organic soil amendment and/or fertilizer for plant growth Canet et al. 2008 
TPOMW (plus sheep litter and grape stalks)b Phytotoxicity against weeds, suppressiveness against plant-

pathogenic fungi, and nematicidal activity 
Cayuela et al. 2008 

OMWW with extracted olive press cake (plus poultry 
manure) 

Organic soil amendment and/or fertilizer for potato plants Hachicha et al. 2008 

OMWW with olive leaves and/or pomace and/or extracted 
press cake 

Suppressiveness against Phytophthora nicotianae and Fusarium 
oxysporum f.sp. radici-lycopersici in tomato plants 

Ntougias et al. 2008a 

TPOMW (with olive leaves and OMWW) Suppressiveness against F. oxysporum f.sp. radici-lycopersici in 
tomato plants 

Ntougias et al. 2008b 

TPOMW (plus sheep litter and grape stalks) C source for soil C sequestration Sánchez-Monedero et al. 
2008 

TPOMW (plus cotton gin trash, and mixed with rice husk) Suppressiveness against F. oxysporum f. sp. dianthi in carnation 
plants 

Borrero et al. 2009 

TPOMW (plus cotton waste, grape stalks, olive leaves, cow 
bedding) 

Organic soil amendment and/or fertilizer for plant growth Alburquerque et al. 2009

OMWW sludge (plus sesame bark) 
OMWW sludge (plus poultry manure) 

Organic soil amendment and/or fertilizer for plant growth 
Organic soil amendment and/or fertilizer for plant growth 

Hachicha et al. 2009a 
Hachicha et al. 2009b 

a compost obtained through vermicomposting process 
b compost’s water extract 
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when a piled mixture of olive-mill waste (OMWW and 
olive pomace) with wheat straw was composted for one 
year, at the end of the process lignin, hemicellulose and cel-
lulose were reduced by 44, 76 and 58%, respectively, the fat 
and water-soluble phenol contents decreased by 97 and 66%, 
respectively, while no phytotoxicity was detected in the 
mature compost (Baddi et al. 2004). Later, Paredes et al. 
(2005) co-composted OMWW with a mixture of cotton gin 
waste and sewage sludge, through the Rutgers static pile 
system; the end product presented lower organic matter and 
nitrate concentrations, higher electrical conductivity, and a 
stabilised and humified organic matter similar to that of the 
compost produced without OMWW. The OMWW-compost 
application to soil did not present any adverse effects on 
plants (Swiss chard, Beta vulgaris L. var. cicla), and their 
yields were comparable for both treatments examined (com-
posts with and without OMWW and inorganic fertiliser). 
When co-composting of exhausted olive press-cake and 
poultry manure was performed with continuous OMW 
applications throughout the composting period (which las-
ted four months in three aerated windrows), electrical con-
ductivity was relatively high in OMW-composts (5.46–5.48 
S m-1) as compared composts prepared without OMW ad-
dition, while phenol contents were reduced by more than 
49% (Hachicha et al. 2008). Mature composts were then 
used as an amendment for potato production in a field, 
where no inhibitory effect on plant growth and no notice-
able negative impact on the soil system were observed; on 
the other hand, potato productivity increased 10–23% as a 
result of compost application. In a recent study (Hachicha et 
al. 2009a), co-composting of OMW with sesame bark de-
monstrated large reductions in total organic matter (53%) 
and water-soluble phenol degradation (72%) after seven 
months of processing accompanied with its gradual detoxi-
fication towards compost maturation. 

García-Gómez et al. (2002) examined the use of com-
posts deriving from the solid fraction of OMWW plus olive 
leaves in mixtures with sphagnum peat or commercial sub-
strates in ratios (of the compost) and arrived at the con-
clusion that such composts are suitable for the growth of 
two ornamental plants (calendula and calceolaria), since 
they act as slow-release organic fertilisers providing mainly 
nutrients such as N and K. However, they advised that their 
content in the final mixture should not exceed 50% (or 25% 
for salt sensitive plants) since electrical conductivity values 
might prove to be the principal limiting factor for the culti-
vation of sensitive plants. Moreover, Papafotiou et al. 
(2004) demonstrated the adverse effects of increased ad-
ditions of compost prepared by co-composting of olive 
leaves and exhausted olive press-cake with OMWW on the 
growth of rooted cuttings of the pot ornamental Euphorbia 
pulcherrima cv. ‘Peterstar’. Increasing replacement of the 
peat in the medium by the compost (up to 75%) caused 
analogous increase of the electrical conductivity that was 
however rapidly reduced during the culture period. In-
creasing replacement of peat by compost induced a gradual 
decrease in the plant height, bract number and node number 
where the first bract was initiated. The restriction of vege-
tative growth occurred only during the first month of cul-
ture in media with 25 and 50% peat replacement, while in 
75% replacement there was growth restriction all over the 
culture period. Media with 50 and 75% peat replacement 
caused delayed pigmentation of the bracts and flowering, 
while plants in the medium with 25% peat replacement 
showed colour and flowered simultaneously with the con-
trol. In a subsequent study (Papafotiou et al. 2005), the 
same compost was also evaluated in foliage potted plant 
production: when up to 75% of peat in the control medium 
was replaced by the compost, Codiaeum variegatum foliage 
and root growth were similar to the control, while a 50% 
peat replacement produced the best growth. Syngonium 
podophyllum was more sensitive to peat replacement 
compared to C. variegatum, as only 25% of peat could be 
replaced by the compost without any reduction in foliage 
growth. In Ficus benjamina, peat could be replaced up to 

75% without effects on plant height and lateral shoot num-
ber, while the length of the laterals, main stem diameter, 
foliage fresh weight, and root dry weight were progres-
sively reduced with increasing compost addition. A consi-
derable decrease in total porosity and readily available 
water were measured in media where 50 or 75% of peat was 
replaced by the compost. The pH of the medium with the 
highest compost level was high during the first 4 months of 
culture compared to the other media. The electrical conduc-
tivity was initially related to the compost values level, but it 
subsequently decreased to values similar to that detected in 
the control medium during the first month of cultivation. 

In general, the use of various agricultural and husbandry 
by-products (e.g. maize straw, cotton waste, grape stalks, 
olive leaves, cow bedding, poultry manure, etc.) as bulking 
agents in the composting of both OMWW and TPOMW 
resulted in well-matured products presenting high organic 
matter mineralization and rather complete humification 
combined with decrease in phytotoxicity (Paredes et al. 
2000, 2002; Alburquerque et al. 2006). Especially as 
regards TPOMW, its evaluation as a composting substrate 
demonstrated that composting performance was mainly 
influenced by the type of bulking agent added, and by the 
number of mechanical turnings performed (Alburquerque et 
al. 2009). Among the bulking agents examined in this par-
ticular study olive leaves presented the worse performance 
as compared with cotton waste, grape stalk, and fresh cow 
bedding. The composting process involved a substantial 
degradation of the organic substrate with average losses of 
48, 29, 54 and 57% for total organic matter, lignin, cellulose 
and hemicellulose, respectively. Both organic matter bio-
degradation and humification were greatly influenced by 
the lignocellulosic nature of the starting material; the end 
products were of good quality in terms of nutrient content, 
stabilised and nonphytotoxic organic matter. In a previous 
study (Alburquerque et al. 2006), preparation of TPOMW 
and cotton waste compost involved a relatively low level of 
organic matter biodegradation, an increase in pH, and a 
clear decrease in the C/N ratio, fat, water-soluble organic 
carbon and phenol contents. The resulting compost, which 
was rich in organic matter and free of phytotoxicity, had a 
high potassium and organic nitrogen content but was low in 
phosphorus and micronutrients. When the TPOMW-based 
compost was compared with cattle manure and sewage 
sludge composts for use as organic amendment on a calca-
reous soil for supporting a commercial pepper crop in a 
greenhouse using fertigation, the marketable yields of pep-
per obtained with all three organic amendments were simi-
lar, thus confirming the composting performance of the raw 
TPOMW. In addition, for cattle manure and sewage sludge 
composts the soil organic matter content was significantly 
reduced after cultivation, while it remained almost un-
changed in the TPOMW amended plots (Alburquerque et al. 
2006). When a pot experiment was conducted on a low-
fertility calcareous soil in order to evaluate the effect on 
ryegrass growth and nutrient uptake of an organic fertiliser 
obtained by composting TPOMW and cotton gin waste, it 
was demonstrated that the compost application enhanced 
plant growth in the first and third harvest (Alburquerque et 
al. 2007). However, additional nitrogen fertilisation clearly 
improved soil productivity due to the scarce availability of 
this nutrient in the compost examined. On the other hand, 
an increase in the plant contents of phosphorus and potas-
sium in the first two harvests was recorded, while treat-
ments with the maximum compost rate showed the highest 
plant content of copper in the last two harvests; in contrast, 
reduction in calcium, magnesium, iron and manganese 
concentrations were detected in one or more harvests. 

The possibility of using dry TPOMW as an organic fer-
tilizer has been also examined through the use of certain 
saprotrophic and AM fungi (Sampedro et al. 2008): the ap-
plication of 25 g kg-1 of dry TPOMW to soil decreased the 
shoot and root dry weight of tomato and alfalfa. Plants were 
more sensitive to the toxicity of the waste when colonized 
with the arbuscular mycorrhizal (AM) fungi, while this sen-
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sitivity varied also according to whether they were colo-
nized by Glomus deserticola or by indigenous AM fungi. 
The phytotoxicity of the waste towards tomato and alfalfa 
was decreased by its incubation before planting with sapro-
trophic fungi for a period of 20 weeks. The contribution of 
AM fungi to the beneficial effect of the waste incubated 
with saprotrophic fungi varied according to the type of the 
plant and AM fungi; for example, G. deserticola increased 
the shoot and root dry weight of plants when they were 
grown in the presence of waste incubated with saprotrophic 
fungi. The beneficial effect of the latter on the dry weight 
and the level of AM mycorrhization of plants seem to be 
related to the decrease caused by these fungi in the waste 
polyphenolics. Improvement in microbial activity and re-
duction in the phenolic content was also achieved by ino-
culating the white-rot fungus Ph. chrysosporium during the 
maturation phase of OMWW co-composting, which resul-
ted in the enhancement of this whole process and in the in-
crease in the germination index of the final product (Taccari 
et al. 2009). 

Another characteristic case of valorizing residues and 
by-products of the olive-mill agro-industry (leaves and 
pomace) was provided in the study of Ehaliotis et al. 
(2005); composting of the above materials below the root-
zone of cucumber (Cucumis sativus) plants, resulted in an 
optimal 20–30°C ambient root-zone temperature during the 
whole cultivation (winter) period, while no phytotoxicity 
was observed on any of the four different cucumber culti-
vars tested. The mature compost derived from the same 
initial materials, when assessed as a soil amendment (in 
relatively high application rates) for providing nutrients in 
organic greenhouse production of cucumber, demonstrated 
yields comparable to sheep manure treatments. 

Several compost types suppress a large range of soil-
borne plant pathogens, and disease suppressiveness is 
clearly linked with its degree of maturity, although ex-
cessively stabilized composts with low content of organic 
matter have lower suppressiveness capacity (Raviv 2008). 
Composts contribute to disease suppression in a complex 
manner, involving microbial competition for nutrients and 
ecological niches, antibiosis, parasitism, changes in nutrient 
availability and induction of host resistance (Erhart et al. 
1999; Hoitink and Boehm 1999; Perez-Piqueres et al. 
2006); however, since sterilization often eliminates compost 
suppressiveness, its mode of action usually relates to biolo-
gical factors. Indicative results from pertinent studies with 
composts prepared from olive mill waste are presented in 
Table 3. 

Of particular interest are the results of studies evalu-
ating the effect of OMW and its compost products in the 
suppression of plant pathogens and nematodes. Hence, it 
was demonstrated that damping-off due to the soil-borne 
fungus Rhizoctonia solani in lettuce plants grown in soil 
previously treated with OMW was significantly reduced 
compared to the control (soil receiving water); results sug-
gest that addition of OMW to soil creates a nutrient-rich 
environment that is dominated by r-strategists, which confer 
to the creation of unfavourable growth conditions for R. 
solani (Kotsou et al. 2004). Similarly, when OMW and 
some of its indigenous bacterial strains were tested in vitro 
and in vivo for their efficacy against damping-off caused R. 
solani and Fusarium solani, it was observed that OMW and 
polyphenols displayed a high level of antifungal activity 
especially against R. solani. In pot experiments, the percen-
tage of tomato plants showing symptoms of damping-off 
was significantly reduced with different doses of OMW (0.5, 
1 and 2%) as compared to the control (Yangoui et al. 2008). 
Furthermore, fungicidal properties of TPOMW compost ex-
tracts, assayed in a microwell assay format, showed that the 
growth of Phytophthora capsici was consistently and 
strongly inhibited by all TPOMW extracts diluted 1: 10 
(w/v). In contrast, suppression of Pythium ultimum and 
Botrytis cinerea by the extracts was not as effective and 
depended on the specific TPOMW sample. Mature compost 
extracts inhibited P. capsici and B. cinerea at dilutions as 

much as 1: 50 (w/v); however, none of them were able to 
inhibit the growth of the R. solani (Cayuela et al. 2008). 

As far as composts are concerned, Ntougias et al. 
(2008a) evidenced high levels of suppressiveness against 
Phytophthora nicotianae in tomato plants by composts 
prepared from olive mill waste (i.e. OMW, olive pomace, 
extracted olive press-cake and olive leaves; used alone or in 
different combinations), especially when they were applied 
directly after curing, indicating the occurrence of a “general 
suppression phenomenon” (92-100% decrease in plant 
disease incidence); on the other hand, suppressiveness 
against Fusarium xysporum f.sp. radicis-lycopersici was 
relatively lower (57-75% decrease in plant disease inci-
dence for composts used directly after the curing stage). In 
another pertinent study (Kavroulakis et al. 2005), it was 
demonstrated that a compost prepared with grape marc 
waste and extracted olive press cake consistently induced a 
tomato plant defence reaction against the root-infecting fun-
gal pathogen F. oxysporum f.sp. radicis-lycopersici; plants 
exhibited an enhanced defensive capacity against the patho-
gen as compared with control plants grown on peat, while 
the pathogen was not able to penetrate and colonize the root 
tissue although its viability and growth in the potting mixes 
(as determined by GUS activity measurements and by 
colony forming unit enumeration) was not affected. Induc-
tion of systemic resistance by the compost was also con-
firmed using the foliar pathogen Septoria lycopersici and by 
PR gene expression analysis carried out in leaves of tomato 
plants grown on the same compost. As it was revealed in 
subsequent experiments, this supressive compost was able 
to elicit consistent and increased expression of certain PR 
genes in the roots of tomato plants, even in the absence of 
any pathogen (Kavroulakis et al. 2006); furthermore, it was 
found that an endophytic Fusarium solani strain, obtained 
from root tissues of tomato plants grown on the same sup-
pressive compost was able to colonize root tissues and sub-
sequently protect plants against F. oxysporum f.sp. radicis-
lycopersici, and was responsible for eliciting induced sys-
temic resistance against the S. lycopersici; interestingly, 
attenuated expression of certain pathogenesis-related genes, 
i.e. PR5 and PR7, was detected in tomato roots inoculated 
with the F. solani strain compared with non-inoculated plants 
(Kavroulakis et al. 2007). The use of TPOMW was also 
studied as regards its potential suppressiveness on plant 
pathogens; when composts were produced by TPOMW 
with olive leaves (co-composted or not with OMWW 
throughout the composting process) and then mixed with 
peat at 1: 3 (w/w) ratios in pot experiments, they demons-
trated high levels of disease reduction (as low as 15-34%) 
caused by F. oxysporum f.sp. radicis-lycopersici in tomato 
plants (Ntougias et al. 2008b). Similarly, significant sup-
pressiveness against carnation wilt (disease reduction of 
80% with respect to peat), caused by F. oxysporum f.sp. 
dianthi, was demonstrated by a substrate prepared from 
TPOMW and cotton gin trash (1: 1 v/v, composted and 
mixed with rice husk), which was accompanied with satis-
factory support of carnation plant growth (Borrero et al. 
2009). When a compost prepared by olive pomace (plus 
cotton gin trash) was examined, it was shown to suppress 
disease incidence (to 32% as compared to the peat control) 
by Botrytis cinerea on cucumber plants (Segarra et al. 
2007). 

On the other hand, TPOMW extracts strongly inhibited 
egg hatch and second-stage juvenile (J2) motility of the 
root-knot nematode Meloidogyne incognita (Cayuela et al. 
2008). Similar encouraging results were obtained in a 
tomato field infested by M. incognita, where different 
dosages (10, 20 and 40 t/ha) of two composts prepared with 
either exhausted or fresh olive pomace or raw extraction 
sewage were assessed at rates of 40 or 80 m3/ha (Sasanelli 
et al. 2003). All compost treatments statistically increased 
tomato yields with respect to the control; their application 
contributed at significantly reducing the root gall index and 
the populations of the root-knot nematode declined, except 
in the soil treated with the lowest doses of raw sewage or 
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exhausted pomace compost. However, the use of composted 
1: 1 mixture of dry-olive pomace and dry-rice husk as an 
amendment to potting mixtures demonstrated limited reduc-
tion in root galling in tomato plants and insignificant de-
crease in Meloidogyne spp. nematode populations (Nico et 
al. 2004). 
 
CONCLUDING REMARKS 
 
In conclusion, it could be stated that: 

- Land application of olive mill waste was demonstrated 
to be a viable solution for the disposal of both OMWW and 
TPOMW. In most of the pertinent studies conducted so far, 
results evidence significant increase in organic carbon, ag-
gregate stability, available K, and cation-exchange capacity, 
which are usually accompanied with increase in the crop 
production (particularly as concerns olive tree cultivation). 
The positive outcome of such application is more pro-
nounced in poor and marginal soils. On the other hand, pos-
sible phytotoxicity hazards are significantly lower in 
organic-rich soils; such substrates could also better support 
plant growth and productivity. Horticultural crops have 
different sensitivities to olive mill waste, larger seeds seem 
to be more sensitive. This could be a good predictive tool 
for the choice of cultures to be irrigated with OMWW. 

- Composting of olive mill waste and by-products 
(mixed with a relatively large variety of agricultural and 
agro-industrial residues abundant in the Mediterranean) 
seem to provide efficient soil amendments, fertilizers and/or 
plant-pathogens suppressants, which could perform well in 
the market and complement and/or replace relevant chemi-
cal compounds. Of course, there are still issues that need 
addressing, and these mostly are mostly related to certain 
adverse effects of the end product (e.g. high salinity, phyto-
toxicity), its fertilizing value and market price as compared 
with similar commercial compounds, etc. 

- Last, but not least, the fact that no olive mill waste 
treatment methodology has been universally adopted is not 
only an indication of the possible drawbacks that each one 
of them possesses, but it is mostly a result of the large range 
of particular conditions met at the local small or medium-
scale level of olive oil extraction. Hence, individual ap-
proaches need to be considered and applied to fit local 
requirements; they should combine two or more relatively 
simple and cost efficient methodologies (i.e. physicoche-
mical and/or biological, land application, composting, etc.) 
depending on the particular characteristics of the olive mill, 
the generated waste and the region (incl. local agriculture 
priorities and needs). Hence, the environmental issue could 
be solved together with the generation of specific value-
added products ranging from soil amendments to fine che-
micals. 
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