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a b s t r a c t

Dry olive residue (DOR), a solid by-product of the two-phase olive oil extraction system, is rich in organic
matter and nutritionally important compounds. However, the agronomic application of this residue may
impact negatively on the soil ecosystem due to its toxic components. The aim of the present study was to
investigate the impact of raw DOR, Coriolopsis floccosa-transformed DOR and Fusarium oxysporum-
transformed DOR on soil biological properties. To do this, soil enzyme activities, fungal community size
(quantitative PCR) and fungal community structure (DGGE of 18S rRNA gene) were measured. The impact
of biotransformed and nonbiotransformed DOR applications to soil depended on two factors: the variable
sensitivity of the soil to the residue’s composition and the duration of exposure to amendments. The
application of this biotransformed residue enhanced soil enzyme activities (phosphatase, b-glucosidase
and urease) with respect to soil amended with nonbiotransformed residue. The quantification of the 18S
rRNA gene copy number indicated that the different amendments stimulated relative abundance. DGGE
analysis showed that the amendments produced changes in fungal community structure although var-
iations in fungal diversity were only detected after C. floccosa-transformed DOR addition at 60 days,
probably due to the enhancement of species such as Chaetomium globosum and Chalazion helveticum.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Mediterranean soils are subject to degradation caused by
organic matter loss. Soil organic matter constitutes an important
source of nutrients, and its maintenance is important for the
long-term productivity of agroecosystems. The excessive use of
mineral fertilizers has contributed to a general reduction in soil
organic matter content, with a consequent decline in the quality
of agricultural soils. This negative effect of agricultural practices
could be reversed by the appropriate use of manure and/or crop
residues in cropping systems, either alone or in combination
with mineral fertilizers (Mandal et al., 2007). However, the effect
of these residues on soil properties depends on their principal
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components and can alter soil biological activity (Chaves and
Oliveira, 2004).

In the world’s olive growing regions, the two-phase olive oil
extraction system, after the transformation of the wet primary
residue, generates enormous amounts of dry olive residue (DOR)
or “alpeorujo” over a short period of time (Morillo et al., 2008).
Disposal of this waste may cause a significant environmental
problem due to its high phenol content (Tortosa et al., 2012).
Among the strategies for the management of this residue is its use
as an organic amendment due to its high organic matter content
and being free of pathogenic microorganisms as well as heavy
metals. However, despite its potential agronomic value, soil
amendments containing DOR are also known to have phytotoxic
and antimicrobial properties (Sampedro et al., 2009). This resi-
due’s detoxification and organic matter stabilization through in-
cubation with saprobic fungi could resolve the problem of its
disposal to soil (Sampedro et al., 2007), enrich soils with limited
organic matter and improve physical and chemical properties.
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Soil fungi usually contribute the largest proportion of soil mi-
crobial biomass. Furthermore, these microorganisms play an
important role in decomposition, carbon and nitrogen storage,
biogeochemical cycles, soil stabilization, plant parasitism and also
influence plant community composition through symbiotic and
parasitic relationships (Bills et al., 2004). Additionally, fungi are
capable of degrading many recalcitrant compounds due to their
efficient enzymatic machinery (Eastwood et al., 2011). However,
despite the importance of these microorganisms with respect to
soil functionality, studies of soil fungi represent only about 30% of
the total number of surveys of soil microbial communities reported
in the literature (Chemidlin Prévost-Bouré et al., 2011). For these
reasons, it is essential to determine soil fungal responses when
organic and inorganic fertilization is applied.

Informationconcerning the impactof saprobic-fungi transformed
DOR on soil biological properties is very limited. Consequently, this
study aimed to investigate the short-term effect of raw DOR, Cor-
iolopsis floccosa-transformed DOR and Fusarium oxysporum-trans-
formed DORon soil enzyme activities and fungal community after 0,
30 and 60 days of treatment. Five soil enzymes (phosphatase, urease,
protease, b-glucosidase anddehydrogenase) involved in the P, N, and
C cycles were analyzed, and the dynamics of structure and relative
abundance of fungal community after application of the different
amendmentswere assessedbymeansofquantitative PCR (qPCR)and
denaturing gradient gel electrophoresis (DGGE).

2. Materials and methods

2.1. Materials

The soil used in this study was taken from the “Cortijo Peinado”
field (Fuente Vaqueros, Granada, Spain, 37�13’N, 3�45’W). It was a
loam-type soil with the following principal properties: clay, 17.15%;
sand, 34.35%; silt, 48.50%; pH, 8.40; total organic carbon,
10.67 g kg�1; water soluble carbon, 4.83 g kg�1; total nitrogen,
1.52 g kg�1; P, 589.78 mg kg�1; K, 8.63 g kg�1; Ca, 61.90 g kg�1; Cd,
1.44 mg kg�1; Cr, 39.27 mg kg�1; Fe, 20.97 g kg�1; Cu,
30.28 mg kg�1; Mg, 17.66 g kg�1; Mn, 435.92 mg kg�1; Na,
1.78 g kg�1; Ni, 26.88 mg kg�1; Zn, 73.24 mg kg�1; Pb,
26.49 mg kg�1; phenols, 2.16 g kg�1.

DOR was obtained from an olive oil manufacturer (Sierra Sur
S.A., Granada, Spain). The main chemical characteristics of DOR
were: ashes, 91 g kg�1; C/N, 31.74; cellulose, 152 g kg�1; fats,
21.7 g kg�1; hemicellulose, 131 g kg�1; lignin, 249 g kg�1; pH, 4.58.

2.2. Organisms and inoculum preparation

The used fungi were Coriolopsis floccosa, formerly known as
C. rigida, (Spanish Type Culture Collection, CECT 20449T) isolated
from beech wood and F. oxysporum (Mycological Culture Collection
of the Department of Biological Sciences, Faculty of Exact and Nat-
ural Sciences, University of Buenos Aires, BACF 738T) isolated from
maize rhizospheric soil. Both fungi were maintained at 4 �C and
routinely subcultured each month on potato dextrose agar slants.
Inoculumpreparation and incubation conditionswere as previously
reportedbySampedro et al. (2009). Polyurethane sponge (PS) cubes,
each with a width of 0.5 cm, were rinsed with water in a 1:20 (w/v)
ratio and autoclaved (121 �C for 20 min) twice prior to use. Five
milliliters of the inoculum (ca. 50mgof dw)was aseptically added to
50 g of sterilized PS and incubated at 28 �C for 7 days.

2.3. DOR biotransformation

Deionized water was added to DOR in order to obtain a moisture
content of 25% (w/w) prior to sterilization (3 cycles in autoclave at
120 �C for 20 min). The colonized PS cubes (0.24 g) were then
covered with 25 g of DOR. Solid-state cultures on DOR were carried
out at 28 �C in the dark under stationary conditions for 30 days.
Non-inoculated and sterilized DOR samples, prepared and incu-
bated as described above, are referred to as controls. All the treat-
ments used in the experiment were sterilized and added to soil in
pots.

The chemical characterization of the nonbiotransformed and
biotransformed DOR by saprobic fungi has been previously re-
ported (Siles et al., submitted for publication).

2.4. Soil amendment

The soil amendment was carried out using 0.5 L pots containing
non-sterilized soil. Nonbiotransformed DOR (DOR) and DOR bio-
transformed by C. floccosa (CORDOR) and F. oxysporum (FUSDOR)
were applied to the soil pots at concentrations of 50 g kg�1. Control
samples without the amendment were also prepared. A sorghum
plant (Sorghum bicolor) was planted in each pot. The experiment
was carried out in a greenhouse with natural and supplementary
light at 25/19 �C and 50% relative humidity. The experiment was
watered regularly throughout the experiment. Regular watering
throughout the experiment ensured that water content of samples
was maintained at 15e20%.

The control soil and soil amended with DOR, CORDOR and
FUSDOR were collected after 0, 30 and 60 days of treatment. The
experiment consisted of five pots of each treatment at all sampling
time. In each soil sampling, the soil of the five pots was mixed,
homogenized and sieved (2 mm mesh). Subsequently, three 100 g
soil subsamples for each treatment were placed in sterile Falcon�
tubes. The samples were stored at 4 �C prior to processing (1e2
days) for enzymatic activity assays and at�80 �C prior to molecular
analyses.

The plants of all the treatments at 30 and 60 days were har-
vested. The shoot dry weight of sorghum plants was measured after
being kept for 48 h in a dried oven.

2.5. Enzymatic analyses

Urease activity (E.C. 3.5.1.5) was analyzed using the procedure
developed by Kandeler and Gerber (1988). Briefly, 2.5 g of fresh soil
was incubated with 1.25 mL 0.08 M aqueous urea solution for 4 h at
37 �C. The NH4

þ produced was extracting with 1 M KCl and 0.01 M
HCl and quantified by means of a modified indophenol reaction.
Protease activity (EC 3.4.2.21e24) was determined according to the
method described by Ladd and Butler (1972). 1 g of soil was incu-
bated with 5 mL of 2% Na-casein and 5 mL of 0.05 M Tris (2-Amino-
2-hydroxymethyl-propane-1,3-diol) buffer (pH 8.1) for 2 h at 50 �C.
The reaction was stopped after addition of 15% trichloroacetic acid
solution (TCA). The suspension was centrifuged and the superna-
tant (5 mL) treated with 7.5 mL of a mixture of 0.06 M NaOH, 5%
Na2CO3, 0.5% CuSO4 $5H2O, 1% potassium sodium tartrate and 5 mL
of 33% Folin-Ciocalteu reagent. The absorbance was determined at
700 nm. The activities of alkaline phosphatase (EC 3.1.3.1) and b-
glucosidase (EC 3.2.1.21) were determined according to the
methods described by Eivazi and Tabatabai (1977, 1988), respec-
tively. Briefly, 1 g of soil was mixed with 5 mL of buffered substrate
solution incubated for 2 h at 37 �C. The following substrate con-
centrations and buffers were used: acid phosphatase, 0.025 M p-
nitrophenyl phosphate in 0.1 M modified universal buffer (MUB)
(pH 11); b-glucosidase, 0.025 M p-nitrophenyl b-D-glucopyrano-
side in 0.1 M MUB (pH 11). Enzymatic reactions were stopped by
transferring the mixtures to a freezer and holding them there for
10 min. Concentrations of p-nitrophenol originated were deter-
mined at 400 nm after addition of 4 mL 0.5 MNaOH and 1mL 0.5 M



Table 1
Diversity indices (species richness-S, Shannon index-H, evenness-J) retrieved from
the DGGE profiles of 18S rRNA gene in unamended soil (C) and soil amended with
untransformed DOR (DOR), C. floccosa-transformed DOR (CORDOR) or F. oxysporum-
transformed DOR (FUSDOR) at 0 (T0), 30 (T1) and 60 (T2) days.

S H J

C-T0 23 3.027 0.965
DOR-T0 22 3.018 0.977
CORDOR-T0 23 3.034 0.968
FUSDOR-T0 24 3.036 0.955
C-T1 24 3.150 0.991
DOR-T1 26 3.186 0.978
CORDOR-T1 25 3.156 0.980
FUSDOR-T1 26 3.148 0.966
C-T2 23 3.104 0.990
DOR-T2 25 3.131 0.973
CORDOR-T2 28 3.274 0.983
FUSDOR-T2 25 3.129 0.972
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CaCl2 for acid phosphatase; 4 mL 0.1 M Tris buffer (pH 12) and 1 mL
of 0.5 M CaCl2 for b-Glucosidase. Dehydrogenase activity (E.C. 1.1)
was analyzed using the procedure described by Carmiña et al.
(1998). 1 g of soil was incubated with 2 mL of 0.5% iodonitrote-
trazolium violet (INT) as substrate and 1.5 mL of 1 M Tris buffer (pH
7.5) during 1 h at 40 �C. Subsequently, iodonitrotetrazolium for-
mazan (INTF) produced was extracted with a 1:1 (v:v) mixture of
ethanol and dimethylformamide and measured spectrophotomet-
rically at 490 nm.

2.6. DNA extraction and PCR-DGGE analysis

Total DNA was extracted from 250 mg of soil using the bead-
beating method, following the manufacturer’s instructions for the
MoBio UltraClean Soil DNA Isolation Kit (MoBio Laboratories Inc.,
Solana Beach, CA, USA). PCR was performed with the aid of 18S
rRNA gene universal fungal denaturing gradient gel electrophoresis
(DGGE) primers FR1 and FF390 under the conditions as previously
described by Vainio and Hantula (2000). The 50 end of primer FR1
had an additional 40-nucleotide GC-rich sequence (GC clamp) to
facilitate separation by DGGE.

DGGE analyses were conducted using 10 mL of PCR product
loaded into a 30e50% urea-formamide-polyacrylamide gel. An
INGENYphorU System (Ingeny International BV, The Netherlands)
was run at 85 V for 16 h at 60 �C to separate the fragments. Gels
were stained with SYBR Gold (Invitrogen, Carlsbad, CA, USA) in 1x
TAE for 45 min at room temperature and visualized under UV light.
DGGE banding patterns were digitized and processed using Info-
Quest FP software (Bio-Rad Laboratories, Inc., Hercules, USA).

2.7. Quantification of soil fungal community

Quantitative PCR was carried out in order to determine the 18S
rRNA gene copy number in triplicate soil-DNA extracts. The primers
FR1 and FF390 were used to amplify a fragment of the 18S rRNA
gene as described by Vainio and Hantula (2000). After hot-start
enzyme activation, reaction cycles were carried out at 95 �C for
30 s, 58 �C for 45 s and 72 �C for 2 min. Determination of the DNA
copy number was carried out using an iCycler iQ5 (Bio-Rad, Her-
cules, CA, USA). A standard curve was generated using a recombi-
nant plasmid containing one copy of the target 18S rRNA gene. The
curve was drawn by plotting the Ct value as a log function of the
copy number of 10-fold serial dilutions of the plasmid DNA. The
relationship between Ct and the target-gene copy number on the
one hand and the copy numbers of the real-time standard on the
other were calculated as previously described by Quian et al.
(2007).

2.8. Cloning and sequencing

Different bands were excised from DGGE gels and sequenced.
DNA fragments fromDGGE bands were isolated by electroelution in
dialysis bags. Reamplification of the eluted DNA by PCR was con-
ducted as indicated above except that the FR1 primer did not have a
GC clamp at the 50 end. Purified PCR products were ligated and
cloned into pCR-XL-TOPO (Invitrogene) according to the manufac-
turer’s instructions. Positive clones were subsequently screened in
DGGE gels by checking their mobility against the banding pattern of
the original soil sample. Two positive clones were used for DNA
sequencing which was carried out by the Instrumental Technical
Services of EEZ-CSIC, Granada, using the ABI PRISM 3130xl Genetic
Analyzer (Applied Biosystems).

The sequences obtained were edited using Bioedit 7.0.5.3 (Ibis
Biosciences, CA; USA) and GeneDoc 2.5 software and compared
with the GenBank (http://blast.ncbi.nlm.nih.gov/Blast.cgi) database
using the basic local alignment search tool (BLAST). Sequences from
this study were submitted to the GenBank database and their
accession numbers are listed in Table 2.

2.9. Statistical treatment of data

The PAST software package was used to calculate: species rich-
ness (S), the Shannon index (H) and evenness (J) (Xu-Cong et al.,
2012). Cluster analysis of the different samples was performed
using UPGMA (unweighted pair group method with arithmetic
means) with a Euclidean distance matrix, taking into account the
presence or absence of individual bands.

PCA analysis was also carried out on the enzymatic and bio-
logical properties of the soil to determine a new set of uncorrelated
variables which may synthesize the information originally con-
tained in the parameters recorded (Ramette, 2007). The main PCA
results were also plotted together with the experimental conditions
of the soil (amendment type and time) in order to identify and
explain any important variation patterns.

3. Results and discussion

3.1. Effect of DOR amendments on enzymatic activities and plant
growth

Microbial community activities are closely related to soil fertility
and environmental quality. In the present study, the microbial ac-
tivity of soil was analyzed using four hydrolases (phosphatase, b-
glucosidase, urease and protease) and one oxidoreductase (dehy-
drogenase). All the enzymatic activities tested were significantly
affected by each DOR amendment at different exposure times (0, 30
and 60 days) (Fig. 1).

Among the hydrolases, phosphatase activity is an effective index
of the quality and quantity of organic matter in the soil. In the
present study, there was generally a higher level of phosphatase
activity in soils amended with all DOR treatments after 30 days of
exposure (Fig. 1A). Various studies have shown that this enzymatic
activity increases as a consequence of organic fertilization
(Chakrabarti et al., 2000). The increase in phosphatase activity can
be explained by an increment in organic P (principal substrate for
the activity of this enzyme) after addition of the different amend-
ments, as other studies have reported that DOR application to soil
involves an increase in available P (LópezePiñeiro et al., 2011). At
the end of the soil treatment process, the treatments with CORDOR
and FUSDOR also showed higher levels of phosphatase activity than
unamended soil. However, phosphatase activity decreased in the
samples treated with DOR, which may be due to the direct

http://blast.ncbi.nlm.nih.gov/Blast.cgi


Table 2
Identification of dominant bands in DGGE analysis of soil amended with DOR bioremediated with C. floccosa at 60 days and the closest match to the sequence from GenBank
database with BLAST and taxonomic affiliation.

Band number Accession no. Closet relative (accession no.) Alignment, % similarity Taxonomic affiliation

Band 1 KC147705 Uncultured soil fungal (DQ157217) 380/390, 99 Uncultured soil fungus
Band 2 KC147708 Chalazion helveticum (AF061716) 380/390, 99 Chalazion helveticum
Band 3 KC147709 Uncultured soil eukaryote (EF100353) 380/390, 98 Uncultured soil fungus
Band 4 KC147710 Chaetomium globosum (JN639021) 380/390, 99 Chaetomium globosum
Band 5 KC147711 Uncultured soil fungal (HM104512) 380/390, 100 Uncultured soil fungus
Band 6 KC147713 Uncultured soil fungal (EF628728) 380/390, 99 Uncultured soil fungus
Band 7 KC147714 Sporormia lignicola (EU263612) 380/390, 99 Sporormia lignicola
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inhibition of toxic compounds in DOR or to the formation of com-
plexes containing humic compounds (De La Horra et al., 2005).

b-glucosidase cleaves b-1,4 bonds to produce glucose from b-
glucosides, which is an important reaction in terrestrial C cycling
involving the recycling of soil organic matter (Cañizares et al.,
2011). It also provides information on the potential toxicity of
olive wastes (LópezePiñeiro et al., 2011). In this survey, b-glucosi-
dase activity increased after soil amendment with CORDOR and
FUSDOR at 30 and 60 days, with similar results being reported by
Benitez et al. (2004) after application of composted olive wastes to
soil. This increment is indicative of the soil microorganisms’ ca-
pacity to use carbohydrate material contained in these amend-
ments. However, no increment in b-glucosidase activity was
observed after soil treatment with DOR although this residue pre-
sented high levels of decomposable material (Fig. 1B). This may be
due to the presence of some inhibitory substances in DOR which
were removed from CORDOR and FUSDOR after fungi trans-
formation. These results would suggest that the impact of olive
wastes on soil properties is the result of contradictory effects,
depending on the relative amounts of beneficial and toxic organic
and inorganic compounds present (Piotrowska et al., 2006).

Over time, the application of DOR produced a diminution in
urease activity with respect to unamended samples and samples
amended with CORDOR and FUSDOR (Fig. 1C). Piotrowska et al.
(2011) have also tested the impact of raw and dephenolized olive
mill wastewater (OMW) on urease activity and obtained similar
results. Thus, phenols present in raw olive wastes may be respon-
sible for inhibiting this activity. The urease enzyme is involved in
the hydrolysis of N compounds to NH4

þ using urea-type substrates
(García-Gil et al., 2004). For this reason, LópezePiñeiro et al. (2011)
and Moreno et al. (2013) have also suggested that urease inhibition
in olive waste-amended soils could be due to an increase in NH4

þ

concentrations following DOR applications. In other studies,
different results have been obtained for this enzyme under
different agricultural management conditions, with urease activity
reported to increase due to organic fertilization (Chakrabarti et al.,
2000) and to decrease as a consequence of ploughing (Saviozzi
et al., 2001).

Protease activity significantly increased in all amended soils
after 30 and 60 days (Fig. 1D). The changes in this enzyme in soil
amended with DOR may be due to the addition of available N with
this type of residue or to the breakdown of complex nitrogen
compounds from the organic residue into simple compounds.
These findings are in line with a previous study where organically
amended soils were shown to have higher levels of protease than
inorganically fertilized soils (Ros et al., 2007).

Soil dehydrogenase activity is involved in redox soil reactions, is
considered to be a measure of soil microbial activity and can
therefore provide information on the potential toxicity of olive
wastes (Benitez et al., 2004). In addition, this enzyme has mainly
been used to assess soil quality, although contradictory conclusions
have been reached. The addition of industrial wastes and organic
fertilizers generally increases dehydrogenase activity due to
enhanced nutrient cycling and organic carbon metabolism which
promote the growth of indigenous microorganisms (Macci et al.,
2012). However, this activity can decrease with the use of herbi-
cide (Reinecke et al., 2002). The data of the present study indicate
that dehydrogenase activity increased immediately after soil
treatment (Fig. 1E) which may be attributed to higher microbial
biomass levels due to the addition of available organic substrates
which promote the growth of soil microorganisms (LópezePiñeiro
et al., 2011). However, this activity decreased at 30 and 60 days in
amended samples (Fig. 1E) with respect to initial sampling time,
which is probably due to the decomposition of readily available
organic matter. These findings are in line with previous studies of
OMW soil applications (Piotrowska et al., 2006).

In a previous study, DOR amendments have been reported to
produce a phytotoxic effect on sorghum plants while CORDOR did
not produce significant changes in sorghum shoot dry weight with
respect to plants grown in unamended samples (Siles et al., 2013).
No detrimental effect of FUSDOR on sorghum plants has been
detected (data not shown).

3.2. Effect of DOR amendments on fungal community structure

3.2.1. Diversity and abundance of fungal community in soil
To date, few studies have been conducted to investigate the

microbial diversity of the soil amended with bioremediated DOR
(Sampedro et al., 2009). Although, some surveys, using DGGE, have
been carried out to assess the impact of DOR composting process on
waste bacterial community structure (Federici et al., 2011).

We have studied different DGGE profiles of fungal communities
in soil amended with DOR biotransformed and nonbiotransformed
with saprobic fungi. The fungal DGGE profiles of all treatments
were complex, with a large number of bands. Interestingly, the
dominant bands were similar in all lanes except for variations in
densities, indicating that no changes occurred in the predominant
soil fungal populations following the different soil treatments
(Fig. 2A). To observe possible changes in fungal diversity due to the
soil amended with the residue, different indices were calculated
from analysis of the DGGE profiling. No differences between
treatments were observed at 0 and 30 days, with similar S and H
indices being obtained for all the samples (Table 1). Instead, a slight
increase in fungal diversity was detected in soil amended with DOR
biotransformed with C. floccosa with respect to unamended sam-
ples at 60 days (Table 1). Similarly, Rousidou et al., 2010 obtained an
increase of fungal diversity after OMW application to soil. Finally,
community evenness (J) of soil after amendments application
remained relatively constant throughout the experiment.

The UPGMA dendrogram showed that the samples were
grouped in twomain clusters with a high degree of similarity (95%),
suggesting that fungal community in the present survey was well
defined (Fig. 2B). One of the clusters was formed by the soil
amended with the biotransformed DOR for 30 and 60 days. The



Fig. 1. Activities of phosphatase (A), b-glucosidase (B), urease (C), protease (D) and dehydrogenase (E) in unamended soil (C) and soil amended with untransformed (DOR),
C. floccosa-transformed DOR (CORDOR) or F. oxysporum-transformed DOR at 0, 30 and 60 days. Error bars indicate the standard deviations.

J.A. Siles et al. / International Biodeterioration & Biodegradation 89 (2014) 15e22 19
remaining samples were clustered in another group, although in
this group, all the samples at day zero and control sample at 60 days
were more similar. As previously reported by Sampedro et al.
(2009), these data suggest that the degree of similarity of fungal
community among samples mainly depends on whether the
organic treatments are biotransformed and nonbiotransformed
with saprobic fungi.
A real-time PCR standard curve was generated for fungi 18S
rRNA quantification. The equation describing the relationship be-
tween Ct and the log number of 18S rRNA gene copies was
Ct ¼ �1.16 � ln (18S rRNA) þ 32.56, R2 ¼ 0.998. The abundance of
total fungi detected using real-time PCR showed significant differ-
ences between amendments and incubation time (Fig. 3). The
control soil showed an average density of 1.39 � 107 copies per



Fig. 2. (A) DGGE analysis of 18S rRNA gene products amplified from unamended soil (C) and soil amended with untransformed DOR (DOR), C. floccosa-transformed DOR (CORDOR)
or F. oxysporum-transformed DOR (FUSDOR) at 0 (T0), 30 (T1) and 60 (T2) days. Arrows indicate bands corresponding to clones that were sequenced. (B) UPGMA dendrogram
analysis of fungal communities obtained from the DGGE profiles of 18S rRNA gene products amplified from unamended soil (C) and soil amended with untransformed DOR (DOR),
C. floccosa-transformed DOR (CORDOR) or F. oxysporum-transformed DOR (FUSDOR) at 0 (T0), 30 (T1) and 60 (T2) days based on based on the Euclidean distances matrix.
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gram, and the application of untransformed DOR to soil resulted in
a significant increase in the number of 18S rRNA gene copies.
However, this increase was less marked for the soil amended with
DOR biotransformed with saprobic fungi. Other studies have also
reported a marked increase in soil fungi abundance as a short-term
response to OMW applications (Mechri et al., 2007; Magdich et al.,
2012). Medina et al. (2011) demonstrated that OMW can inhibit
fungal growth, although, in the present experiment, raw or fungi-
transformed DOR amendments did not produce a toxic effect on
fungi, with no diminution in fungal abundance or diversity being
detected, at least at the doses applied. According to these findings,
the principal effects of soil DOR amendments are related to changes
in soil fungal structure.
3.2.2. Phylogenetic analyses
As the largest increases in diversity indices were recorded in soil

amended with DOR biotransformed with C. floccosa at 60 days, the
predominant bands from this soil treatment were excised from
Fig. 3. Quantification of 18S rRNA gene copy number by means of qPCR in unamended
soil (C) and soil amended with untransformed DOR (DOR), C. floccosaetransformed
DOR (CORDOR) or F. oxysporumetransformed DOR (FUSDOR) at 0, 30 and 60 days.
Mean values correspond to three measures � standard deviation.
DGGE analyses and subjected to sequencing. Some of these pre-
dominant bands were also observed in the treatment of soil with
FUSDOR. Fig. 2A and Table 2 show that the application to soil of
CORDOR increased the abundance of DGGE bands belonging to the
species Chalazion helveticum (band 2), Chaetomium globosum (band
4) and to certain uncultured soil fungi (bands 1, 3 and 5) (Fig. 2A
and Table 2). The increased abundance of certain fungi capable of
producing cell wall hydrolases such as C. globosum (Liu et al., 2008)
observed in this study suggested that the application of bio-
transformed DOR to soil could contribute to increasing the pres-
ence of fungi involved in the decomposition of this residue and
subsequently to increasing available organic matter and function-
ality of soils amended with this transformed residue.
3.2.3. PCA analysis
PCA analysis was carried out on the enzymatic and biological

properties of soil after the addition of DOR biotransformed and
nonbiotransformed with saprobic fungi in order to identify the
overall impact on the soil properties of treatments and interactions
between various factors (amendment type and time) (Fig. 4). PCA
analysis produced a two-factor solution which accounted for
58.54% of total original variance. In order to confirm the results, a
VARIMAX rotation of the 2-component solution was carried out,
which produced the following main findings: on the one hand, the
1st PC (38.49% of total variance) positively correlatedwith COP, SHA
and RIC and negatively correlated with GLU, DEH and URE; on the
other hand, the 2 nd PC (20.05% of total variance) positively
correlated with PRO and COP and negatively correlated with PHO
(Fig. 4A).

To identify significant relational patterns, factor scores for each
sample and consequently their coordinates in the new factorial
space were plotted together with their specific experimental con-
ditions (amendment type and time) (Fig. 4B). Four distinct groups
were clearly established, with the samples at initial sampling time
grouped in two different clusters which were positively related to
PC1. The remaining samples at 30 and 60 days were brought
together in two other groups negatively related to PC1. One of these
groups was made up of samples at 30 days and the other one
grouped all the samples analyzed at 60 days. This statistical analysis
indicated that the principal grouping factor in the present study
was incubation time. A similar conclusion was reached by Giuntini
et al. (2006) in a study where the effects of raw and composted
olive wastes on soil microbiology were assessed.



Fig. 4. VARIMAX rotated factor loadings for Factor 1 (PC1) � Factor 2 (PC2). Extraction method: Principal Components. Factor loadings (variable coordinates within the factor space)
represent the correlation between original measures and new factors extracted using Principal Component Analysis. The variables analyzed were: phosphatase (PHO); b-glucosidase
(GLU); urease (URE); protease (PRO); dehydrogenase (DEH); fungal population number (COP); species richness (RIC); Shannon index (SHA) and evenness (EQU). Distance between
points and ellipse represents the quality of the representation of each variable within the factor space. The closer the point to the ellipse, the better the quality of representation of
the corresponding variable within the factor solution (A), factor scores for the 36 soil samples. The shape and color of the points represent time and soil amendment [unamended
soil (C) and soil amended with untransformed DOR (DOR), C. floccosa-transformed DOR (CORDOR) or F. oxysporum-transformed DOR (FUSDOR) at 0 (T0), 30 (T1) and 60 (T2) days].
This facilitates detection of significant patterns of variation between measures relating to experimental conditions (B). (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)
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4. Conclusions

The biological response of soil to additions of DOR differed ac-
cording to type and time of amendment. The findings produced by
the present study clearly indicated that nonbiotransformed DOR
negatively affected some biological properties (b-glucosidase and
urease activity) and produced changes in soil fungal structure and
abundance. However, the addition of DOR biotransformed with
saprobic fungi did not adversely affect enzymatic activity. On the
contrary, phosphatase, b-glucosidase, urease and dehydrogenase
increased in treatments with this amendments probably due to the
high nutrient content and small amounts of toxic compounds in
these biotransformed residues. The fungi-transformed DOR also
altered fungal size and community structure. In the case of
C. floccosa-transformed DOR, a slight increment in fungal diversity
was observed at 60 days, probably related to the increment in fungi
associated with the degradation of lignocellulosic biomass. The
present study reflects an in-depth analysis of the effect of raw and
biotransformed DOR on soil enzymatic activities and the dynamics
of soil fungal communities.
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