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Abstract  
Olive oil extraction generates large amounts of olive mill residues (DOR) which may be used as fertilizer. The influence of 
arbuscular mycorrhizal (AM) on the phytotoxicity of dry olive residue (DOR) transformed with saprophytic fungi was 
studied. Aqueous extraction of DOR gave an (ADOR) fraction and an exhausted (SDOR) fraction, both of which had less 
phytotoxicity for tomato than the original DOR. The saprophytic fungi Trametes versicolor and Pycnoporus cinnabarinus 
further decreased the phytotoxicity of ADOR and SDOR on tomato. The decrease of phenols concentration and the 
differences in the level of laccase activity caused by these fungi suggest did not account fully for the reduced phytoxicity 
but the fact that the higher hydrolytic enzyme activity of P. cinnabarinus, paralleled the decrease of phytotoxicity, 
indicates that these enzymes seem to be involved. The AM fungus Glomus deserticola increased or exacerbated the 
beneficial effect of SDOR incubated with saprophytic fungi, in terms of dry weight of tomato plants. The percentage of 
root length colonized by G. deserticola strongly decreased in presence of DOR, but the level of mycorrhization was higher 
in presence of ADOR or SDOR. Our results suggest that the combination of aqueous extraction and incubation with 
saprophytic fungi will open the way for the use of olive oil extraction residues as organic amendment in agricultural soils.  
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1. Introduction 
 
Most agricultural soils in the Mediterranean region 

contain small amounts of organic matter which is one factor 
limiting plant growth and production (Brunetti et al., 2005). 
The quality and productivity of soils could be improved by 
the addition of organic matter but available material is 
scarce (Caravaca et al., 2003). The use of agrowastes might 
solve this problem. The extraction of olive oil generates 
large amounts of olive mill residues (DOR) which can be 
used as fertilizer, having a high content of organic matter, 
plant nutrients and the almost no heavy metals (Paredes et 
al., 1999). Addition of this waste to poor agricultural soils 
has been proposed (Abu-Zreig and Al-Widyan, 2002), but 
olive  mill  residues  are  phytotoxic.   Uncontrolled  use  of  
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these residues may cause serious environmental problems 
with unforeseen effects on the soil-plant system (Vassilev 
et al., 1997). The toxicity of olive mill residues toxicity is 
complex and related to phenols and cell wall fragments 
(oligosaccharides and glycoproteins) (Martin et al., 2002; 
Aranda et al., 2004; Isidori et al., 2005). Some ligninolytic 
and hydrolytic enzymes have been shown to be involved in 
the detoxification of olive mill dry residue (Aranda et al., 
2004; 2006). Therefore, there is a need for guidelines in the 
management and use of these wastes. Biological, chemical, 
physical and physico-chemical treatments have been 
proposed; physical pre-treatments considerably decrease its 
phytotoxicity (Ginos et al., 2006), but to date none of these 
approaches offers an adequate solution to the toxicity 
problems (Cermola et al., 2004).  

Saprophytic fungi, by breaking down cellulosic 
materials to simple sugars, can provides energy sources for 
microorganisms including arbuscular mycorrhizal (AM) 
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fungi (Radford et al., 1996). These fungi can mobilize 
nutrients, degrade phytotoxic substances and enable plants 
to optimise the use of available nutrients (Dix and Webster, 
1995; Fracchia et al., 2000). It has been shown that 
phytotoxicity of DOR can be reduced by incubating it with 
saprophytic fungi for 20 weeks (Sampedro et al., 2004a). A 
shorter period of incubation can reduce the toxic effect of 
water-soluble substances in DOR on plants grown under 
hydroponic conditions (Aranda et al., 2006). Olive residues 
also change the activity and population of the rhizosphere 
microorganisms and this can influence phytotoxicity 
(Moreno et al., 1987; Pérez et al., 1992; Iyamuremye and 
Dick, 1996).  

There is evidence that AM fungi help their host plants to 
grow under polluted condition (Shetty et al., 1994) by 
increasing their supply of nutrients (mainly P) to plant 
(Querejeta et al., 1998), improving soil aggregation in 
eroded soils (Tisdall, 1991), and reducing hydric stress 
(Boyle and Hellenbrand, 1991). The ability to decrease 
phytotoxicity of toxic residues seems to depend on which 
AM endophytes are present (Volante et al., 2005). Some 
AM fungi appear to increase the action of toxic substances 
in olive residues (Martín et al., 2002). Synergistic effects 
between saprophytic fungi and AM on plant root 
colonization may affect the ability of AM fungi to increase 
host tolerance to heavy metals in soils (Fracchia et al., 
2004; Martínez et al., 2004; Arriagada et al., 2004; 2005; 
Vogel-Mikus et al., 2005). 

The aim of this study was to determine the role of AM 
fungi in modifying the toxic effects of the water soluble and 
exhausted fractions from olive mill residues, transformed 
by saprophytic fungi, on the growth of tomato plants as 
assessed by their dry weight. 

 
 

2. Material and Methods 
 

Materials 
 
Dry olive residue (DOR) was collected from an “orujo” 

manufacturer (Sierra Sur S.A., Granada, Spain). The main 
characteristics of DOR determined by Sampedro et al. 
(2007) were as follows: total organic carbon (TCO), 58.5%; 
total nitrogen (TN), 1.87%; total phosphorus, 0.21%; lignin, 
24.7%; cellulose, 18%; hemicellulose, 11.4%; total phenols, 
2.65%; total lipids, 0.2%; ashes, 9.2%. The most abundant 
elements, in g kg–1 DOR were: K 30.5, Mg 3.8, Ca 13.6, Na 
0.17, Fe 1.1, Cu 0.07, Zn 0.06, Mn 0.04. 

An aqueous extract from dry DOR was obtained by 
orbital-shaking this residue with distilled water in a 
proportion of 1:2 (w/v) for 8 h at room temperature. The 
suspension obtained was filtered through several layers of 
cheesecloth. The filtered (ADOR), and the solid residue 
obtained after the aqueous extraction (SDOR) was 
incubated or with saprophytic fungi. The toxicity of these 

modified fractions was compared with control fractions that 
were not incubated with fungi. All fractions were tested to 
determine their phytotoxicity, phenol content and 
ligninolytic and hydrolytic activities.  

The two saprophytic fungi used were Trametes 
versicolor (A-1369) and Pycnoporus cinnabarinus (CECT 
20448), obtained from the Culture Collection of Centro de 
Investigaciones Biológicas (CIB) of Madrid. Stock cultures 
were kept at 4ºC on 2% malt extract agar. The inoculum for 
ADOR was produced by growing the fungus under orbital 
shaking at 125 rpm and 28ºC on Czapek in the presence of 
50% ADOR extracts for 15 days. The mycelium was 
collected by filtration, extensively washed with distilled 
water and homogenized. The fungi were grown in 
Erlenmeyer flask (250 ml) containing 70 ml of ADOR 
extract for 15 days at 28ºC with orbital shaking at 125 rpm. 
Each flask was inoculated with 0.45 g l–1 of each inoculum.  

The incubation process of SDOR was carried out in    
500 ml Erlenmeyer flasks containing 125 g of steam-
sterilized SDOR, inoculated with four barley seeds 
previously colonized by the mycelium of each fungus for 
14 days at 28ºC. Flasks were covered with sterile cotton 
plugs and incubated under stationary conditions at 28ºC for 
20 weeks. Appropriate controls were prepared by 
incubating non-inoculated sterilized ADOR and SDOR 
under the same conditions used for fungal cultures.  

 
Phytotoxicity experiment 

 
The phytotoxicity experiments were carried out in pots 

with 300 g of soil that was steam-sterilized and mixed with 
sterilized quartz sand 1:1 by volume. The soil used was a 
grey loam obtained from the field of the Estación 
Experimental del Zaidín (Granada, Spain). The soil had a 
pH of 8.1 in a 1:1 soil:water ratio. The P, N, K, Fe, Mn, Cu 
and Zn contents were determined by the methods of 
Lachica et al. (1965). These were NaHCO3-extractable P 
6.2 mg kg–1, N 2.5 mg kg–1, K 132 mg kg–1, Fe 9.6 g kg–1, 
Mn 110 mg g–1, Cu 5.8 mg g–1, Zn 5.7 mg kg–1. 

Glomus deserticola (Trappe, Bloss and Menge) from the 
Instituto de Investigaciones Agrobiológicas de Galicia 
(CSIC) was the AM fungus used in these experiments. The 
AM fungal inoculum was a root-and-soil inoculum 
consisting of rhizosphere soil containing spores and 
colonized root fragments of Sorghum vulgare. Eight grams 
of an inoculum that had previously achieved high levels of 
root colonization were added per pot. Plants grown in 
sterilized soil were given a filtrate of the soil (Whatman nº1 
filter paper). The filtrate contained the common soil 
microorganisms, including bacteria and fungi but no 
propagules of AM fungi.  

Tomato (Lycopersicum esculentum L.) was used as the 
test plant. Seeds were sterilised, pregerminated and selected 
for uniformity prior to transplanting. Plants (one per pots) 
were grown in a greenhouse with supplementary light 
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provided by Sylvania incandescent and cold-white lamps, 
400 nmol m–2 s–1 at 400–700 nm, with a 16/8 h day night 
cycle at 25/19ºC and 50% relative humidity. Plants were 
watered from below, and were fed with 10 ml nutrient 
solution per week (Hewitt, 1966). 

Two experiments were used: (1) Plants grown in 
sterilized soil and (2) plants grown in sterilized soil 
inoculated with 8 g of inoculum of G. deserticola. These 
experiments were carried out with four repetitions of each 
treatment. 

A dose of 4 kg m–2 (20 g kg–1) is recommended for 
farmyard manure applications (Ocampo et al., 1975). In our 
experiment DOR, ADOR and SDOR were applied to the 
300 g mixture soil:sand mixture pots at concentrations of 0, 
12.5 and 25 g kg–1. 

Plants were harvested after 4 weeks and their dry mass 
was determined. After the harvest fresh samples of roots 
were taken from the entire root system at random. The 
samples were cleared and stained using trypan blue in lactic 
acid (Phillips and Hayman, 1970), and the percentage of 
root length colonization was measured by the line-intersect 
method (Giovannetti and Mosse, 1980).  

 
Determination of phenolic content 

 
To extract phenols, 0.2 g of DOR or SDOR was 

incubated for 24 h in 10 ml distilled water/acetone mixture 
(1:1 v/v) under orbital shaking. The total phenolic content 
of extracts of DOR, ADOR and SDOR was estimated 
according to Riberau-Gayon (1968), using tannic acid as a 
standard and was expressed as g kg–1 of olive residue. 

 
Determination of extracellular enzyme production 

 
Extracellular enzymes were extracted from DOR and 

SDOR using a procedure described by Rejón-Palomares et 
al. (1996). ADOR and the extracts obtained from DOR and 
SDOR were assayed to determine endopolymethylgalact-
uronase (endo-PMG; EC 3.2.1.15), endoglucanase (endo-
GN; EC 3.2.1.4) and endoxyloglucanase (endo-XG) 
activities. 

All hydrolytic activities were assayed by the viscosity 
method (Rejón-Palomares et al., 1996) using carboxy-
methylcellulose (CMC), citrus pectin and xyloglucan from 
nasturtium seed [Tropaelum majus L.; extracted as 
described previously (McDougall and Fry, 1989)] as 
substrates. The reduction in viscosity was determined at    
0–30 min intervals. The reaction mixture contained 1 ml of 
0.5% substrate in 50 mM citrate-phosphate buffer (pH 5) 
with 0.2 ml enzyme. Viscosity reduction was determined at 
37ºC. One unit of enzyme activity was expressed as U g of 
dry olive residue calculated as: U reciprocal of time in 
hours for 50% viscosity loss × 103 (Rejón-Palomares et al., 
1996). 

Lacasse activity (EC 1.10.3.2) was assayed with 5 mM  

DMP (2,6-dimethoxyphenol) in 100 mM of acetate buffer 
pH 5.0 (ε469 = 27500 M–1 cm–1) (Saparrat et al., 2000). One 
unit of enzyme activity was expressed as the amount of 
enzyme releasing 1 µmol of oxidized product per minute.  

 
Statistical treatment of data 

 
Data obtained were subjected to ANOVA. The mean 

values of four replicate were compared using the Tukey test 
using a confidence level of 95%. 

 
 

3. Results 
 
All the physical fractions of olive mill residues reduce 

the shoot dry weight related to that of plants grown in 
absence of DOR (Table 1). The phytotoxic effect of DOR 
was higher than that of ADOR or SDOR. The shoot dry 
weight was lower in presence of SDOR than in presence of 
ADOR. The phytotoxic effect of DOR on shoot dry weight 
of tomatoes inoculated with G. deserticola was greater than 
when the plants were grown in non AM inoculated soil. 
However, the shoot dry weight of plants grown in the 
presence of ADOR and SDOR was higher when plants 
were colonized with G. deserticola than when they were not 
AM colonized. The application of 12.5 g kg–1 of ADOR to 
soil inoculated with G. deserticola increased the shoot dry 
weight relative to that of plants grown in the absence of any 
residue (Table 1). 

The percentage of AM root length colonization of plants 
inoculated with G. deserticola decreased in presence of 25 
g kg–1 of DOR, ADOR or SDOR (Table 1). However, the 
level of mycorrhization reached by tomato was higher in 
presence of 25 g kg–1 of ADOR or SDOR than in presence 
of 25 g kg–1 of DOR.  

The shoot dry weight of plants grown in presence of 
12.5 g kg–1 of ADOR incubated with T. versicolor was 
higher than that of plants grown in absence of ADOR 
(Table 2). However, all doses of ADOR incubated with                       
P. cinnabarinus increased the shoot dry weight relative to 
that of plants grown in absence of this residue. When 
ADOR incubated with T. versicolor was applied to plants 
inoculated with G. deserticola, the shoot dry weight was 
higher than that of non AM inoculated plants and similar to 
or higher than that of plants grown in absence of ADOR. 
However, the shoot dry weight of tomato inoculated with 
G. deserticola and grown in presence of ADOR incubated 
with P. cinnabarinus was lower than non AM inoculated 
plants and similar to plants grown in absence of ADOR 
(Table 3). 

A similar percentage of AM tomato root length was 
colonized by G. deserticola when plants were grown in 
presence of low doses of ADOR whether inoculated or not 
with the saprophytic fungi and when they were grown in 
absence of ADOR (Table 2). The incubation of ADOR with 
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Table 1. Shoot dry weight and percentage of AM colonized root length in tomato (Lycopersicum esculentum L.) inoculated or not with     
G. deserticola, in presence of dry olive mill residue (DOR), aqueous extract of dry olive mill residue (ADOR) and solid residue obtained 
after the aqueous extraction (SDOR).  
 
 

Treatments Amount of olive residue (g kg–1) Shoot dry weight (mg)  % Root length colonization 
  Without AM G. deserticola 
  
 

Control 0 567.3 f,1 843.4 e,2 45.2 c 
DOR 12.5 207.4 c,2 120.2 b,1 42.7 c 
 25 53.8 b,2 16.2 a,1 27.7 a 
ADOR 12.5 445.8 e,1 960.8 f,2 48.6 c 
 25 333.2 d,1 648.5 d,2 36.4 b 
SDOR 12.5 305.7 d,1 672.3 d,2 54.6 c 
 25 92.3 a,1 189.7 c,2 38.7 b 
 
 

Column values followed by the same letter or row values followed by the same number are not significantly different as assessed by the 
Tukey test (P≤0.05). Data are de mean of four replicate samples. 
 
 
Table 2. Shoot dry weight and percentage of AM colonized root length of tomato (Lycopersicum esculentum L.) inoculated or not with      
G. deserticola, in presence of aqueous extract of dry olive mill residue (ADOR) incubated with Trametes versicolor and Pycnoporus 
cinnabarinus.  
 
 

Treatments Amount of olive residue (g kg–1) Shoot dry weight (mg)  % Root length colonization 
  Without AM G. deserticola 
  
 

Control   0 232.7 b,1 281.4 b,2 18.5 b 
ADOR 12.5 224.7 b,1 320.2 c,2 16.7 b 
 25 136.7 a,1 190.2 a,2 10.2 a 
ADOR + T. versicolor 12.5 334.5 c,1 464.8 d,2 15.7 a,b 
 25 149.3 a,1 264.5 b,2 11.8 a 
ADOR + P. cinnabarinus 12.5 385.4 c,2 273.3 b,1 14.5 a,b 
 25 375.8 c,2 266.7 b,1 11.5 a 
 
 

Column values followed by the same letter or row values followed by the same number are not significantly different as assessed by the 
Tukey test (P≤0.05). Data are the means of four replicate samples. 
 
 
Table 3. Shoot dry weight and percentage of AM colonized root length in tomato (Lycopersicum esculentum L.) inoculated or not with     
G. deserticola, in presence of solid residue obtained after the aqueous extraction of dry olive mill residue (SDOR) incubated with Trametes 
versicolor and Pycnoporus cinnabarinus.  
 
 

Treatments Amount of olive residue (g kg–1) Shoot dry weight (mg)  % Root length colonization 
  Without AM G. deserticola 
  
 

Control 0 403.3 d,1 590.2 d,2 54.2 c 
SDOR  12.5 153.3 b,1 196.5 b,2 49.7 c 
  25 50.5 a,1 76.6 a,2 37.5 b 
SDOR + T. versicolor 12.5 270.4 c,1 280.1 c,2 58.6 c 
  25 160.1 b,1 146.6 b,2 55.5 c 
SDOR + P. cinnabarinus 12.5 465.5 d,2 293.3 c,1 19.2 a 
  25 270.1 c,2 183.3 b,1 18.3 a 
 
 

Column values followed by the same letter or row values followed by the same number are not significantly different as assessed by the 
Tukey test (P≤0.05). Data are the means of four replicate samples. 
 

 
the saprophytic fungi did not change the percentage of 
tomato root colonized by G. deserticola.  

All saprophytic fungi tested decreased the toxicity 
caused by the application of SDOR on tomatoes (Table 3). 
The application of 12.5 g kg–1 of SDOR incubated with      
P. cinnabarinus increased  the  shoot  dry  weight  of  plants  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
grown, the weight being similar to that of plants grown in 
absence of SDOR. The shoot dry weight of tomato 
inoculated with G. deserticola and grown in presence of 
SDOR incubated with T. versicolor was similar to that of 
non AM inoculated plants. However, the shoot dry weight 
of tomato inoculated with G. deserticola and grown in 
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presence of SDOR incubated with P. cinnabarinus was 
lower than that of non AM inoculated plants. G. deserticola 
increased the dry weight of tomatoes grown in presence of 
SDOR incubated with the saprophytic fungi compared with 
that of plants grown in presence of SDOR not incubated 
with saprophytic fungi (Table 3).  

The application of SDOR inoculated with T. versicolor 
to soil increased the percentage of root length colonization 
by G. deserticola (Table 3). The application of SDOR 
inoculated with P. cinnabarinus decreased the percentage 
of AM root length colonization of tomato to a lower level 
than when this residue was not incubated with the 
saprophytic fungus (Table 3). 

Of the 28–39 g kg–1 phenol content of DOR, the 
physical fractions ADOR and SDOR only contain 18.4 and 
14.1 g kg–1 of phenols, respectively. The phenol content of 
ADOR was reduced by T. versicolor and P. cinnabarinus to 
7.2 and 9.4 g kg–1, respectively (Table 4). Both saprophytic  
fungi show laccase activity when they were incubated in 
ADOR and T. versicolor had higher laccase activity than    
P. cinnabarinus (Table 5). Very low endo-PMG activity 
was observed in ADOR incubated with T. versicolor and  
P. cinnabarinus. Higher endo-GN and endo-XG activities 
was observed in ADOR incubated with P. cinnabarinus 
than with T. versicolor (Table 5). 

 
 
 
Table 4. Phenol content (g kg–1) of aqueous extract (ADOR) and 
solid residue obtained after the aqueous extraction of the dry olive 
mill residue (SDOR) incubated with Trametes versicolor and 
Pycnoporus cinnabarinus. 
 
 

Treatment Olive mill residue 
 ADOR  SDOR 
 
 

Without fungi 18.4 b 14.1 b 
T. versicolor 7.2 a 4.2 a 
P. cinnabarinus 9.4 a 4.4 a 
 
 

Column values followed by the same letter for each residue are 
not significantly different as assessed by the Tukey test (P≤0.05). 
Data are the means of five replicate samples. 
 
 
 
Table 5. Laccase, endopolymethylgalacturonsase (endo-PMG), endoglucanase (endo-GN) and endoxiloglucanase (endo-XG) activities of 
aqueous extract (ADOR) and solid residue (SDOR) obtained after the aqueous extraction of the dry olive mill residue incubated with 
Trametes versicolor and Pycnoporus cinnabarinus.  
 
 

Residue Saprophytic fungi Ligninolytic activities (mUI/g of DOR) Hydrolytic activities (U/g of DOR) 
  Laccase Endo-PMG Endo-GN Endo-XG 
 
 

ADOR T. versicolor 1600 b 0 50 a 70 a 
 P. cinnabarinus 600 a 5 310 b 100 b 
SDOR T. versicolor 5 a 0 2000 a 2700 a 
 P. cinnabarinus 400 b 0 2500 b 8000 b 
 
 

Column values followed by the same letter for each residue and group of enzymatic activity are not significantly different as assessed by 
the Tukey test (P≤0.05). Data are the means of five replicate samples. 

Phenol content of SDOR was reduced by T. versicolor 
and P. cinnabarinus by about 69% (Table 4). Higher 
laccase activity was detected in SDOR incubated with       
P. cinnabarinus than with T. versicolor. No endo-PMG 
activity was observed in SDOR incubated with the 
saprophytic fungi. P. cinnabarinus had higher endo-GN and 
endo-XG activities than T. versicolor when they were 
incubated in SDOR (Table 5). 

 
 

4. Discussion 
 
Olive mill residue have phytotoxic effects that are 

particularly evident during the germination and seedling 
development of higher plants (Casa et al., 2003; Sampedro 
et al., 2004b). It is generally accepted that olive residue 
phytotoxicity is largely due to the presence of water soluble 
substances, although other DOR constituents such as 
volatile fatty acids, aldehydes and alcohols also have 
negative effect on plant growth (Komilis et al., 2005). In 
the present study both tested saprophytic fungi eliminated 
similar quantity of phenols from both ADOR and SDOR.  

However, they differed in their ability to decrease the 
toxicity of both residues on tomato grown in soil. These 
results indicated that the decrease of total phenol 
concentration achieved by saprophytic fungi was not 
closely related to the decrease in ADOR and SDOR 
toxicity. The differences in the level of the phenol 
degrading enzymes laccase between T. versicolor and       
P. cinnabarinus incubated either in ADOR or in SDOR 
suggest that saprophytic fungi degrade different phenol 
compounds in the residues, which may result in different 
effects on plant growth. However, a close correlation 
between the level of these enzymes produced by each 
saprophytic fungus and the decrease in the phytotoxicity of 
the physical fractions of DOR was not found. This indicates  
that the phenolic compounds, degraded by these enzymes, 
are not the only factors implicated in the phytotoxicity of 
ADOR and SDOR. Substances other than phenols such as 
cell wall fragments (oligosaccharides) and glycoproteins 
have toxic effects on plant health (Bucheli et al., 1990).  
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Hydrolytic enzymes have been found to be implicated in 
the reduction of the toxicity of ADOR (Aranda et al., 2004). 
The higher endo-GN and endo-XG activities produced by 
P. cinnabarinus paralleled with the decrease of phyto-
toxicity caused by this fungus in ADOR and SDOR 
reinforce this idea. 

The results obtained in the present study, confirm our 
previous observations that AM fungi may facilitate the 
action or transfer of toxic substances from DOR to plants 
(Martín et al., 2002). However, G. deserticola decreased the 
sensitivity of plant to the phytotoxicity of the physical 
fractions (ADOR and SDOR) of this residue and this AM 
fungus also considerably improved the growth of tomato in 
presence of low doses of ADOR. The effect of AM fungi 
on plant sensitivity to the toxins in the different olive mill 
residue fractions is not known. However, the level of 
phytotoxic substances in soil, such as heavy metals and 
pesticides (Ocampo, 1993; Khan et al., 2000), may be 
implicated in the increase of sensitivity and/or resistance of 
plants to olive residues conferred by the AM fungi. In our 
experiments we observed that the beneficial effect of 
ADOR and SDOR incubated with P. cinnabarinus on the 
shoot dry weight of tomato was eliminated by                    
G. deserticola in presence of ADOR, whereas it was 
increased or not affected by the AM fungus when ADOR or 
SDOR were incubated with P. cinnabarinus and                
T. versicolor. Therefore these effects cannot be solely 
attributed to the level of phenols. 

The establishment of AM symbiosis seems to be greatly 
affected by the concentration of toxic compounds in the soil 
(Leadir et al., 1997; Medina et al., 2005). As was 
previously observed, the percentage of root length 
colonized by G. deserticola strongly decreased in presence 
of DOR (Martín et al., 2002). It has been suggested that 
DOR does not affect AM fungi directly and its negative 
effect are mediated by the plant (Martín et al., 2002). The 
effect of the physical fractions of DOR on AM colonization 
also seems to be mediated through the plant. In fact the 
decrease of AM root length colonization of tomato caused 
by ADOR and SDOR fractions paralleled the decrease of 
the plant dry weight. However, the physical fraction of 
DOR incubated with the saprophytic fungi T. versicolor and 
P. cinnabarinus had different effects on the percentage of 
AM colonization of tomato depending more on the physical 
fraction and on the saprophytic  fungi type than on effects 
through the plant. We conclude this because no relationship 
was observed between effects on AM root colonization and 
plant dry weight. The mechanisms implicated in the 
harmful or beneficial effect of saprophytic  fungi exudates 
on AM fungal colonization of roots is very complex 
(Fracchia et al., 2004). The laccase activity of                    
P. cinnabarinus produced in SDOR could participate in the 
removal of some of the monomeric phenols such as lutein 
and rutin from this residue as has been observed in DOR 
(Sampedro et al., 2004a). Beneficial or negative effect of 

these flavonoids on AM colonization of root depending on 
flavonoids concentration and on AM fungal specie have 
been observed (Vierheilig et al., 1998; Scervino et al., 
2007).  

Close relationships between the percentage of AM 
colonization and its effect on plant growth are not 
commonly found (García-Garrido et al., 2000; Adriano-
Anaya et al., 2006). Indeed in our experiments no 
relationship was observed between the percentage of AM 
colonization and plant dry weight of tomato affected by the 
physical fractions of DOR incubated with the saprophytic  
fungi.  

In general the application of ADOR and SDOR 
incubated with the saprophytic fungi for 2 and 8 weeks 
respectively increased the shoot dry weight of tomato, 
which indicates that a combination of physical and 
biological treatments may open the way for management 
and use of these wastes as organic amendments for 
agricultural soils. On a large scale, water extraction 
followed by composting using natural saprophytic fungi 
may yield a commercial compost of agricultural value. 
However, as the AM fungi may either increase or eliminate 
the beneficial effects of supplementing soils with olive mill 
residues that have been incubated with saprophytic fungi, 
the role of microorganisms must be taken into account in 
agrowaste applications. 
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