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olive mill residue on arbuscular mycorrhizal plants

I. Sampedro, E. Aranda, R. Dı́az, M. Garcı́a-Sanchez, J.A. Ocampo, I. Garcı́a-Romera *
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Abstract

We studied the influence of olive mill dry residue (DOR) treated with saprobe fungi on growth of tomato and alfalfa colonized by
Glomus deserticola. The application of 25 g kg�1 of dry DOR to soil decreased the shoot and root dry weight of tomato and alfalfa.
Plants were more sensitive to the toxicity of DOR when colonized with the arbuscular mycorrhizal (AM) fungi. The sensitivity of both
plants to the toxicity of DOR differed according to whether they were colonized by G. deserticola or by indigenous AM fungi. The phy-
totoxicity of DOR towards tomato and alfalfa was decreased by incubation the residue before planting with saprobe fungi for 20 wk. The
beneficial effects of AM fungi on plant growth added with DOR incubated with saprobe fungi depend of the type of the plant and AM
fungi. The contribution of AM fungi to the beneficial effect of DOR incubated with saprobe fungi varied according to the type of the
plant and AM fungi. G. deserticola increased the shoot and root dry weight of plants when they were grown in the presence of DOR
incubated with saprobe fungi for 20 wk. The beneficial effect of saprobe fungi 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 phenol concentration in DOR. However, the toxicity of
DOR due to substances other than phenols can not be ignored. The use of certain saprobe and AM fungi allows the possibility of using
DOR as an organic fertilizer.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The importance of the olive mill industry in Mediterra-
nean countries is well known and it is gaining importance
in other countries outside the Mediterranean area. The
two-phase extraction system is the most widely used tech-
nology to obtain oil and generates a semi-solid organic
waste (alpeorujo) which is then dried and further extraction
is carried out using solvents to obtain an extra yield of oil
and a dry olive mill residue (DOR) (Vlyssides et al., 1998).
The DOR, which has a firm, stackable consistency, is a lig-
nocellulosic by-product with phytotoxic (Martı́n et al.,
2002; Casa et al., 2003; Sampedro et al., 2005; Bonanomi
0045-6535/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.
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et al., 2006) and antimicrobial properties (Moreno et al.,
1987; Kotsou et al., 2004), and constitutes an environmental
problem in the main olive growing regions.

Due to its content of organic matter and mineral nutri-
ents, DOR might be employed for agronomic purposes
(Paredes et al., 1999; Bonanomi et al., 2006). However, stud-
ies carried out with DOR have shown that it has notable
antimicrobial and phytotoxic properties mainly due to its
phenolic content (Moreno et al., 1987; Perez et al., 1992;
Martı́n et al., 2002). Studies have shown that apart from
monomeric phenols other substances can be implicated in
the toxicity of DOR (Aranda et al., 2004). A decrease in
the phytotoxic effect of DOR can be achieved by the use
of saprobe fungi. Saprobe fungi are able to mobilize nutri-
ents, degrade phytotoxic substances and to promote a more
efficient use of the nutrients by the plant (Dix and Webster,
1995; Fracchia et al., 2000).
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Arbuscular mycorrhizal (AM) fungi form symbiotic
associations with higher plants in which the fungi receive
carbon and, in return, transport phosphate to the host.
Thus, the phosphorus status and the growth of the mycor-
rhizal plant are improved (Cooper and Tinker, 1978).
Phosphorus fertilizers negatively affect the efficiency of
the AM fungi colonization with a consequent negative
effect on plant growth (Galvez et al., 2001; Grant et al.,
2005). The presence of P in DOR has been observed
(Sampedro et al., 2007).

Plants colonized by AM fungi show an enhanced resis-
tance to plant against several abiotic factors such as
drought, salt stress and heavy metals (Auge, 2001; Feng
et al., 2002; Arriagada et al., 2005). However, AM fungi
can increase the accumulation of toxic compounds such
as heavy metals and pesticides in the plants (Ocampo,
1993; Arriagada et al., 2004; Gaur and Adholeya, 2004),
and results from some experiments showed that AM fungi
increase the phytotoxicity of DOR to plants (Martı́n et al.,
2002). On the other hand, it has been described the pres-
ence of several heavy metals in DOR (Sampedro et al.,
2007). Several experimental results confirm the existence
of synergistic effects of saprobe fungi on plant root coloni-
zation by AM fungi and on the degree to which AM fungi
improve plant resistance to heavy metals in soils (Arriag-
ada et al., 2004, 2005; Fracchia et al., 2004; Martinez
et al., 2004; Vogel-Mikus et al., 2005).

The objective of this work was to investigate whether the
application of saprobe fungi to DOR (2 or 20 wk before
planting) on its phenol, heavy metals, N and P content
and the phytotoxicity of DOR. The influence of these com-
pounds found in DOR on the colonization of tomato and
alfalfa by AM fungi and on the efficiency of the symbiosis
measured as its effect on shoot and root dry weight was
also studied.

2. Materials and methods

2.1. Materials

DOR was collected from an olive oil manufacturer
(Sierra Sur S.A., Granada, Spain) and stored at �20 �C
until use. The main characteristics of DOR were as follows:
total organic carbon, 58.5%; total nitrogen, 1.87%; total
phosphorus, 0.21%; lignin, 24.7%; cellulose, 18%; hemicel-
lulose, 11.4%; total phenols, 2.65%; total lipids, 0.2%;
ashes, 9.2%. The most abundant elements, the concentra-
tion of which is reported in g kg�1 DOR were: potassium,
30.5; calcium, 13.6; magnesium, 3.8; iron, 1.1; sodium,
0.17; copper, 0.07; zinc, 0.06 and manganese, 0.04. The
pH of the aqueous extract of DOR was 5.13. Deionized
water was added to the solid residue to adjust its moisture
content to 25% (w/w) prior to its sterilization (two cycles in
autoclave at 120 �C for 20 min) and subsequent
inoculation.

The saprobe fungi used were: Fusarium lateritium BAFC
Cult. No. 2317, Fusarium oxysporum BAFC Cult. No. 738,
Paecylomices farinosus BAFC Cult. No. F8846, Coriolopsis

rigida (CECT 20449), Poria subvermispora (CBS 34763)
and Phanerochaete chrysosporium IJFM A547 (ATCC
24725). Strains were stored in potato dextrose agar
(PDA) and 2% malt extract agar (MEA) at 4 �C.

The soil used was a grey loam obtained from the field of
the Estación Experimental del Zaidı́n (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 were determined by methods of Lachi-
ca et al. (1965) using H2SO4/H2O2 as extractants. NaHCO3

extractable P was 6.2 mg kg �1, N was 2.5 mg kg �1, K was
132 mg kg �1, Fe was 9.6 mg kg �1, Mn was 110 mg kg �1,
Cu was 5.8 mg kg �1 and Zn was 5.7 mg kg �1. The soil
texture was 358 g kg�1 sand, 436 g kg�1 silt, 205 g kg�1 clay
and 18 g kg �1 organic matter. Alfalfa (Medicago sativa L.)
and tomato (Solanum lycopersicum L.) were used as tests
plants.

Glomus deserticola Trappe, Bloss and Menge from the
Instituto de Investigaciones Agrobiológicas de Galicia
(CSIC) was used. The AM fungal inoculum was a root-
and-soil inoculum consisting of rhizosphere soil containing
spores and colonized root fragments of M. sativa L. in 8 g
per pot, which were predetermined to achieve high levels of
root colonization. Uninoculated plants were given a filtrate
(Watman No. 1 paper) of the inoculum containing the
common soil microflora, but free of AM fungal
propagules.

2.2. Experiments

Barleys seeds were inoculated with a thin slice of PAD
(1 · 1 cm) with mycelia of a 14 d old culture of saprobe
fungi grown at 28 �C. The incubation process was carried
out in Erlenmeyer containing 125 g of DOR steam-steril-
ized three times, inoculates with three barleys seeds previ-
ously colonized by the mycelium for 7 d. Flasks were
covered with sterile cotton plugs and incubated under static
conditions at 28 �C for 2 and 20 wk. After the incubation
with the saprobe fungi, the DOR was sterilized and added
to soil in pots at concentrations of 0 and 25 g kg �1 soil.

The experiments were carried out in 0.3 l pots which
contain soil which was either non-sterilized or steam-steril-
ized and mixed with sterilized quartz sand 1:1 by volume.
Seeds were pregerminated and selected for uniformity prior
to planting. Plants were grown in a greenhouse with natu-
ral light supplemented by Sylvania incandescent and cool-
white lamps giving 400 nmol m�2 s�1 at 400–700 nm; there
was a 16–8 h light–dark cycle at 25–19 �C and 50% relative
humidity. Plants were watered from below, and fed with a
nutrient solution at 10 ml per week (Hewit, 1952). Plants
were harvested after 4 wk.

The experiment was designed as a complete randomised
block with three factors. The factors were sterilized soil,
sterilized soil inoculated with the AM fungi G. deserticola

and non-sterilized soil. Each factor was designed consid-
ering two variables. Firstly, inoculation of DOR with sap-
robe fungi that contained eight treatments: plants without
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DOR, with non-inoculated DOR and plants with DOR
incubated with saprobe fungi F. lateritium, F. oxysporum,
P. farinosus, C. rigida, P. subvermispora and P. chrysospo-

rium. The second variable consisted of the time of incuba-
tion with the saprobe fungi: 2 and 20 wk. These
experiments were carried out with four repetitions of each
treatment.
2.3. Measurements

Total nitrogen and phosphorous contents in DOR incu-
bated or not with saprobe fungi for 2 and 20 wk were ana-
lysed by using the microwave system as described by
Mingorance (2002) after digestion of samples with
H2SO4/H2O2. After digestion total N and P were deter-
mined by colorimetry using automatic air-segment contin-
uous flow analysis. Cadmium, nickel, cobalt and lead
concentrations were measured after digestion of the air-
dried plant samples with HNO3 + H2O2, followed by
inductively coupled plasma atomic emission spectrometry
(ICP-AES), as described by Mikanova et al. (2001). The
total phenolic content of DOR was estimated according
Table 1
Shoot dry weight of tomato (Solanum lycopersicum L.) cultivated in sterilized so
DOR

Treatments Shoot dry weight (mg)

Sterilized soil Ste

2 wk 20 wk 2 w

Without DOR 412.1 c1 417.3 d1 766
Without saprobe 24.0 b3 23.0 a3 9
F. lateritium 16.8 a1 415.9 d4 40
F. oxysporum 16.6 a1 148.8 b3 44
P. farinosus 45.9 c1 440.6 d3 48
C. rigida 43.0 c2 259.6 c3 41
P. subvermispora 32.9 c2 262.4 c3 40
P. chrysosporium 40.0 c3 162.0 b4 6

Saprobe fungi were applied to DOR 2 and 20 wk before planting. Column valu
are not significantly different as assessed by the Tukey test (P 6 0.05).

Table 2
Root dry weight of tomato (Solanum lycopersicum L.) cultivated in sterilized so
DOR

Treatments Root dry weight (mg)

Sterilized soil St

2 wk 20 wk 2 w

Without DOR 157.6 c1 141.3 c1 21
Without saprobe 17.0 b2 13.0 a2
F. lateritium 9.8 a1 184.9 cd5 2
F. oxysporum 5.6 a1 51.8 b4 3
P. farinosus 28.9 c2 152.6 c3 3
C. rigida 27.0 c2 190.6 d5 3
P. subvermispora 22.9 c2 199.4 c4 3
P. chrysosporium 25.0 c3 63.0 b4 1

Saprobe fungi were applied to DOR 2 and 20 wk before planting. Column valu
are not significantly different as assessed by the Tukey test (P 6 0.05).
to Ribereau-Gayon (1968), using tannic acid as standard
and was expressed as g of tannic acid per kg of DOR.

Plants were harvested and dry weight was recorded.
After the harvest random parts of the root system were
cleaned and stained (Phillips and Hayman, 1970) and the
percentage of root length colonization was measured (Gio-
vannetti and Mosse, 1980).
2.4. 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

The application of 25 g kg�1 of DOR decreased the
shoot and root dry weight of tomato and alfalfa plants
(Tables 1–4). The arbuscular fungus G. deserticola

increased the shoot and root dry weight of tomato in the
absence of DOR in all the treatments. However, only the
shoot dry weights of nonmycorrhizal tomato plants were
il inoculated or not with G. deserticola or non-sterilized soil in presence of

rilized soil plus G. deserticola Non-sterilized soil

k 20 wk 2 wk 20 wk

.6 c2 733.6 c2 418.6 e1 416.4 e1

.6 a1 8.3 a1 13.6 a2 13.0 a2

.3 b2 1389.9 e5 33.9 b2 324.8 d3

.6 b2 892.7 d4 38.3 b2 189.1 c3

.0 b1 1672.4 g4 69.9 c2 391.2 d3

.0 b2 899.6 d4 16.3 a1 230.0 c3

.6 b2 1576.7 f5 16.5 a1 237.3 c3

.6 a1 372.3 b5 13.3 a2 35.0 b3

es followed by the same letter or row values followed by the same number

il inoculated or not with G. deserticola or non-sterilized soil in presence of

erilized soil plus G. deserticola Non-sterilized soil

k 20 wk 2 wk 20 wk

5.6 c2 206.6 c2 159.6 c1 141.8 e1
8.3 a1 9.3 a1 8.6 a1 9.0 a1
9.3 b3 526.9 e6 15.9 b2 116.8 d4
9.6 b3 180.7 bc6 16.3 b2 75.1 c5
0.0 b2 623.4 f4 19.9 c1 149.2 e3
6.0 b3 220.6 c6 8.5 a1 74.0 c4
3.6 b3 597.7 ef5 6.5 a1 75.3 c4
0.6 a1 165.3 b5 7.3 a1 19.0 b2

es followed by the same letter or row values followed by the same number



Table 3
Shoot dry weight of alfalfa (Medicago sativa L.) cultivated in sterilized soil inoculated or not with G. deserticola or non-sterilized soil in presence of DOR

Treatments Shoot dry weight (mg)

Sterilized soil Sterilized soil plus G. deserticola Non-sterilized soil

2 wk 20 wk 2 wk 20 wk 2 wk 20 wk

Without DOR 156.3 b1 151.6 d1 189.4 b2 192.2 c2 125.3 b1 123.6 c1
Without saprobe 54.1 a2 49.2 a2 77.6 a3 78.5 a3 29.4 a1 20.3 a1
F. lateritium 52.3 a3 65.3 b3 93.1 a4 94.1 a4 21.1 a1 31.2 a2
F. oxysporum 56.3 a2 133.1 c4 97.6 a3 116.2 b3,4 21.3 a1 68.1 b2
P. farinosus 52.1 a2 322.6 e5 99.0 a3 345.9 d5 29.6 a1 134.2 c4
C. rigida 46.3 a2 290.3 e5 89.3 a3 318.6 d5 21.6 a1 130.0 c4
P. subvermispora 45.3 a2 302.5 e5 96.1 a3 322.7 d5 29.3 a1 149.5 c4
P. chrysosporium 57.3 a2 338.0 e5 72.1 a3 321.6 d5 25.3 a1 112.2 c4

Saprobe fungi were applied to DOR 2 and 20 wk before planting. 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 6 0.05).

Table 4
Root dry weight of alfalfa (Medicago sativa L.) cultivated in sterilized soil inoculated or not with G. deserticola or non-sterilized soil in presence of DOR

Treatments Root dry weight (mg)

Sterilized soil Sterilized soil plus G. deserticola Non-sterilized soil

2 wk 20 wk 2 wk 20 wk 2 wk 20 wk

Without DOR 47.1 b1 45.3 b1 66.1 b2 67.3 b2 43.3 b1 48.2 b1
Without saprobe 19.6 a2 21.2 a2 25.3 a2 29.3 a2 7.3 a1 8.3 a1
F. lateritium 25.3 a2 23.3 a2 26.3 a2 23.3 a2 7.1 a1 8.4 a1
F. oxysporum 20.1 a2 31.1 a2 28.6 a2 85.7 c3 9.8 a1 13.1 a1
P. farinosus 18.2 a2 78.3 c4 27.6 a2,3 108.4 c5 7.2 a1 39.2 b3
C. rigida 17.3 a2 74.1 c5 25.2 a3 94.6 c6 7.3 a1 41.1 b4
P. subvermispora 22.9 a2 62.6 c4 22.3 a2 109.7 ec5 6.3 a1 37.6 b3
P. chrysosporium 18.0 a2 73.0 c4 24.3 a2 87.3 c4 8.6 a1 41.3 b3

Saprobe fungi were applied to DOR 2 and 20 wk before planting. 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 6 0.05).
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higher than those of AM colonized plants when 25 g kg�1

of DOR was applied (Table 1). After the incubation of
DOR with the saprobe fungi for 2 wk, all saprobe fungi,
except P. chrysosporium, decreased toxicity of DOR when
it was applied to tomato inoculated with G. deserticola,
but only P. farinosus, C. rigida, P. subvermispora and P.
chrysosporium decreased the phytotoxicity of this residue
when it was applied to sterilized soil. F. lateritium, F. oxy-

sporum and P. farinosus reduce DOR toxicity when applied
to non-sterilized soil (Tables 1 and 2). When DOR incu-
bated with the saprobe fungi for 20 wk was applied to
tomato, the shoot and root dry weights of plants were
higher than those of plants grown either in the presence
of DOR not incubated with saprobe fungi or incubated
with them for 2 wk. In the presence of DOR incubated with
saprobe fungi for 20 wk, the shoot and root dry weights of
tomato inoculated with G. deserticola were higher than
those which were grown in sterilized or in non-sterilized
soil. The dry matter of tomato grown in sterilized soil in
the presence of DOR inoculated with F. lateritium and P.

farinosus during 20 wk had a similar weight to that of
plants grown without DOR. The application of DOR incu-
bated with F. lateritium, P. farinosus, C. rigida and P. sub-

vermispora during 20 wk increased the shoot dry weight of
tomato inoculated with G. deserticola in comparison to
plants cultivated without DOR (Table 1).

The arbuscular fungus G. deserticola increased the shoot
and root dry weight of alfalfa regardless of the presence or
absence of DOR (Tables 3 and 4). The toxicity of DOR on
alfalfa was not decreased by the incubation of this residue
with the saprobe fungi during 2 wk. The shoot and root dry
weight of alfalfa cultivated in the presence of DOR incu-
bated with P. farinosus, C. rigida, P. subvermispora, and
P. chrysosporium for 20 wk were similar to or even higher
than plants cultivated in the absence of DOR. In the pres-
ence of DOR incubated with saprobe fungi for 20 wk, the
shoot dry weight of alfalfa inoculated with G. deserticola

was similar to those grown in sterilized soil but higher than
plants grown in non-sterilized soil (Table 5).

The application of DOR decreased the percentage of
root length colonization of tomato and alfalfa by the soil’s
indigenous AM fungi and by G. deserticola (Tables 5 and
6). The incubation of DOR with saprobe fungi for 2 wk
did not increase the percentage of root length colonized
either by the indigenous fungi or by G. deserticola. The
application of DOR incubated during 20 wk with all the
fungi tested, except P. chrysosporium, eliminated the nega-
tive effect of this residue on the percentage of root length



Table 5
Percentage of AM root colonization of tomato (Solanum lycopersicum L.) cultivated in non-sterilized soil and in sterilized soil inoculated with G.

deserticola in presence of DOR

Treatments Percent root length colonization

Non-sterilized soil Sterilized soil plus G. deserticola

2 wk 20 wk 2 wk 20 wk

Without DOR 35 b 34 a 66 b 62 c
Without saprobe fungi 21 a 22 a 28 a 27 a
F. lateritium 20 a 35 b 24 a 65 c
F. oxysporum 23 a 36 b 29 a 66 c
P. farinosus 22 a 39 b 28 a 66 c
C. rigida 21 a 37 b 25 a 60 c
P. subvermispora 28 a 34 b 29 a 67 c
P. chrysosporium 23 a 23 a 30 a 45 b

Saprobe fungi were applied to DOR 2 and 20 wk before planting. Column values followed by the same letter are not significantly different as assessed by
the Tukey test (P 6 0.05).

Table 6
Percentage of AM root colonization of alfalfa (Medicago sativa L.) cultivated in non-sterilized soil and in sterilized soil inoculated with G. deserticola in
presence of DOR

Treatments Percent root length colonization

Non-sterilized soil Sterilized soil plus G. deserticola

2 wk 20 wk 2 wk 20 wk

Without DOR 62 b 59 b 62 b 58 b
Without saprobe fungi 32 a 33 a 36 a 31 a
F. lateritium 33 a 36 a 38 a 34 a
F. oxysporum 31 a 30 a 40 a 49 b
P. farinosus 33 a 36 a 42 a 57 b
C. rigida 31 a 56 b 36 a 50 b
P. subvermispora 33 a 56 b 41 a 56 b
P. chrysosporium 29 a 31 a 37 a 51 b

Saprobe fungi were applied to DOR 2 and 20 wk before planting. Column values followed by the same letter are not significantly different as assessed by
the Tukey test (P 6 0.05).
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colonization of tomato by the indigenous fungi and by G.

deserticola reaching similar AM colonization levels to
plants to which DOR was not applied (Table 5). The appli-
cation of DOR incubated with C. rigida and P. subvermis-

pora for 20 wk eliminated the toxic effect of this residue on
the colonization of alfalfa by the AM indigenous fungi.
However, with the DOR incubated for 20 wk, all saprobe
fungi except F. lateritum eliminated the toxic effect of this
Table 7
Phenol content (g kg�1) of DOR incubated with saprobe fungi for 2 and
20 wk

Saprobe fungi Phenol content (g kg�1 DOR)

2 wk 20 wk

Without saprobe fungi 28.2 b1 27.4 d
F. lateritium 15.3 a2 2.4 a1
F. oxysporum 15.7 a2 2.6 a1
P. farinosus 19.5 a2 4.5 ab1
C. rigida 27.4 b2 5.2 b1
P. subvermispora 26.5 b2 5.7 b1
P. chrysosporium 27.6 b2 20.8 c1

Column values followed by the same letter are not significantly different as
assessed by the Tukey test (P 6 0.05).
residue on the percentage of alfalfa root length colonized
by G. deserticola (Table 6).

After 2 wk of incubation the content of total phenols in
DOR was only significantly reduced by the saprobe fungi
F. lateritium, F. oxysporum and P. farinosus. By contrast,
all saprobe fungi decreased the content of total phenols
of DOR after 20 wk of incubation. Table 7 shows that P.

chrysosporium, after 20 wk of incubation, reduced the total
Table 8
N and P content (g kg�1) of DOR after incubation with saprobe fungi for
2 and 20 wk

Treatments N (g kg�1) P (g kg�1)

2 wk 20 wk 2 wk 20 wk

Without saprobe fungi 17.7 a 19.7 b 2.1 a 2.1 a
F. lateritium 18.7 a 20.7 b 2.2 a 2.4 a
F. oxysporum 20.6 a 22.4 b 2.2 a 2.6 a
P. farinosus 18.4 a 24.7 b 2.9 a 2.7 a
C. rigida 20.9 a 18.8 b 2.9 a 2.6 a
P. subvermispora 21.3 a 11.3 a 2.4 a 2.5 a
P. chrysosporium 20.2 a 14.5 a 2.6 a 2.0 a

Column values followed by the same letter are not significantly different as
assessed by the Tukey test (P 6 0.05).



1388 I. Sampedro et al. / Chemosphere 70 (2008) 1383–1389
phenol content by about 24%. However, in the rest of the
saprobe fungi the reduction ranged from 79% to 91%.

No Cd, Ni, Co and Pb were detected in DOR by the
analytical technique used in this work (data not shown).
After 2 wk of incubation N and P content of DOR did
not significantly differ from those of the control. However,
after 20-wk incubation, P. subvermispora and P. chrysospo-

rium drastically decreased the total N content of DOR
(Table 8).

4. Discussion

The detrimental effect of the application of 25 g kg�1 of
DOR to soil on the shoot and root dry weight of tomato
and alfalfa has also been observed in other plants (Martı́n
et al., 2002). AM fungi seems to facilitate the action or
transfer of toxic substances to tomato and alfalfa, increas-
ing the sensitivity of plant to the toxicity of DOR and this
sensitivity seems to be dependent on plant and AM fungal
species (Sampedro et al., 2004; Bonanomi et al., 2006). In
fact, tomato was more sensitive than alfalfa to the action
of DOR when these plants were colonized with the AM
fungi. The sensitivity of both plants to the toxicity of
DOR was also different when they were colonized with
G. deserticola or with the indigenous AM fungi. AM fungi
can increase plant heavy metal uptake (Arriagada et al.,
2004; Gaur and Adholeya, 2004), which might be impli-
cated in the sensitivity of AM plants to the phytotoxic
effect of DOR but no heavy metals were detected in
DOR.

This study confirmed that saprobe fungi decreased the
toxicity of DOR on tomato and alfalfa after 2 and 20 wk
of incubation but this effect was more pronounced when
DOR was incubated with the saprobe for 20 wk. Phenolic
compounds present in DOR can be implicated in the
decrease of the dry weight of plants (Fiestas Ros de Ursi-
nos, 1986). Incubation of DOR with saprobe fungi for
20 wk decreased its phenol content. The high phytotoxicity
of DOR was significantly reduced in cultures where phe-
nols had been removed by fungi as indicated by the
increased of the plant dry weight (Sampedro et al., 2004,
2007). Twenty wk incubation of DOR seemed enough to
reduce its phenol content, and therefore its toxic effects
on plants, whereas 2 wk period was not sufficient to reach
the same results.

The contribution of AM fungi to the beneficial effect of
DOR incubated with saprobe fungi differed according to
the type of the plant and AM fungi. G. deserticola but
not the indigenous AM endophytes increased the shoot
and root dry weight of plants when they were grown in
presence of DOR incubated with saprobe fungi for
20 wk. The effect of G. deserticola on the toxicity of
DOR in alfalfa seems to be minimal because this fungus
did not increase the sensitivity of alfalfa to the toxicity of
DOR and did not contribute to the increase of plant dry
weight when this plant was grown in the presence of
DOR incubated for 20 wk with certain saprobe fungi.
In the present work was found that DOR decreased the
percentage of AM root length colonization of tomato and
alfalfa. The establishment of the AM symbiosis seems to
depend on the concentration of phenolic compounds pres-
ent in the soil and the effect of phenols on the AM arbus-
cular fungi can be beneficial or detrimental depending on
their concentration (Wacker et al., 1990; Fries et al.,
1997; Leadir et al., 1997). The dependence of the concen-
tration of some phenols presents in DOR such as luteolin
and rutin on their effect on AM fungal development has
been verified (Scervino et al., 2005a,b). The decrease of
the phenol concentration of DOR by saprobe fungi can
be one of the factors implicated in the beneficial action of
these fungi on the level of mycorrhization reached by
alfalfa and tomato. However, it is known that the effect
of phenols on AM fungi depends on AM fungus and plant
species (Scervino et al., 2005a,b). In fact, among the sap-
robe fungi tested, only C. rigida and P. subvermispora

decreased the detrimental effect of DOR on the percentage
of root length colonization of alfalfa by the indigenous
endophytes, whereas all saprobe fungi except F. lateritium

increased AM colonization of alfalfa by G. deserticola.
Phenols seems to be the main substances responsible for

the detrimental effect of DOR on the dry weight and the
level of AM mycorrhization of plants, therefore the benefi-
cial effect of saprobe fungi on both parameters seems to be
related to the decrease that these fungi cause in the phenol
concentration of DOR. However, the fact that P. chrysos-

porium decreased the phenols content of DOR less than the
other saprobe fungi, but decreased the negative effect of
DOR on alfalfa dry matter and AM root length colonized
by G. deserticola as effectively as the other saprobe fungi,
suggests that substances other than phenols can also be
implicated in the toxicity of DOR on AM colonized plants.
Inorganic fertilizers (mainly P) have been found to nega-
tively affect the AM colonization and growth of plants
(Galvez et al., 2001; Grant et al., 2005). However, saprobe
fungi did not decrease the N and P content of DOR, except
P. subvermispora and P. crhysosporium which decreased N,
but these results did not explain the decrease of the toxicity
of DOR incubated with saprobe fungi for AM fungal col-
onized plants.

The application of DOR incubated with P. farinosus, C.

rigida and P. subvermispora during 20 wk increased the
shoot and root dry weight of tomato and alfalfa inoculated
with G. deserticola in comparison to AM colonized plants
cultivated in absence of DOR, and, in conclusion, this
allows the possibility to use DOR as an organic fertilizer.
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