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a  b  s  t  r  a  c  t

A  total  of  150  isolates  of  endophytic  fungi  were  obtained  from  roots  of  Myrtus  communis  grown  in  the
Mediterranean  area.  Seven  different  endophytic  fungi  taxa,  all belonging  to  the Ascomycota  phylum  were
found. Arbuscular  mycorrhizal  (AM)  fungi,  belonging  to the  Glomus  genus,  were  also  present  in roots  of  M.
communis.  None  of the  root  endophytic  fungi  tested,  except  Drechslera  sp.,  colonized  the  root  of  sorghum.
Among  all  fungi  tested,  only  Phoma  schachtii  and  Cylindrocarpon  destructans  significantly  increased  the
shoot  dry  weight  of  sorghum  grown  in  sterilized  soil.  Phomopsis  columnaris,  P. schachtii,  Eucasphaeria
sp.  and  Cylindrocarpon  pauciseptatum  increased  the  dry matter  of  sorghum  grown  in unsterilized  soil.
The  percentage  of  AM  colonization  of  sorghum  was  increased  significantly  only  when  Ph.  columnaris,
P.  schachtii,  the  two  strains  of Bionectria  ochroleuca,  Eucasphaeria  sp.  and  C.  pauciseptatum  were  applied
yaline fungi
lant growth

to  unsterilized  soil.  The  number  of  CFUs  of  endophytic  fungi  inoculated  in sorghum  rhizosphere  was
similar  throughout  the  experiment,  except  B.  ochroleuca-1  whose  population  increased  at  the  end  of
the  experiment  either  in  sterilized  or in  unsterilized  soil.  No  significant  effect  of  the  endophytic  fungi
isolated  from  M.  communis  on shoot  and  root  P, K,  Ca,  Na,  Mg,  Cu  and  Zn  concentrations  of  plants  grown
in  sterilized  or  unsterilized  soils,  except  Eucasphaeria  sp.  which  increased  the  shoot  P  concentration  of
sorghum  grown  in unsterilized  soil.
. Introduction

Soil and rhizosphere fungi can confer plant abiotic and biotic
tress tolerance, increasing biomass and decreasing water con-
umption, or can alter resource allocation (Smith and Read, 2008;
ever et al., 2010). Endophytic fungi are microorganisms that

nhabit healthy plant tissues at least one stage of their life cycle,
ithout causing any apparent symptom of disease or negative

ffects on their hosts (Petrini et al., 1992). Arbuscular mycorrhizal
AM) fungi are the most widespread root-endophyte associate

ungi. This symbiosis can benefit plant growth, particularly through
nhanced phosphorus, water and mineral uptake (Smith and Read,
008). Ascomycetous root endophytic fungi can be considered as
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two  groups, the dark septate endophyte (DSE) and fungi with
hyaline and pale hyphae (Addy et al., 2005). These two groups
are considered at least as ubiquitous as mycorrhizal associa-
tions among temperate-zone plants (Arnold et al., 2001). The
ascomycetous DSE probably constitute the most abundant and
most widespread group of root colonizer and parallel AM fungi
in occurrence and colonization of plant species (Mandyam and
Jumpponen, 2005). Fungi with hyaline and pale hyphae are also
commonly found in plants root but are less studied because they
are less conspicuous and easier to overlook than the DSE (Addy
et al., 2005).

The interactions of ascomycetous root endophytic fungi with
host plants can vary from pathogenic to beneficial mutualism
(Smith and Read, 2008). Endophytic fungal colonization is impor-
tant to improve the ecological adaptability of host enhancing
tolerance to biotic and abiotic stresses (Schulz and Boyle, 2005).
Moreover, root colonization by endophytic fungi may  confer ben-

efits to the host plant by means of growth promotion, protection
against disease or assistance in phosphorous uptake (Sieber, 2002).

It is known that AM symbiosis is influenced by the activi-
ties of microorganisms in the soil (Lecomte et al., 2011). DSE
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oexist often with different AM fungi. The role of endophytic fungi
n ecological situation with AM fungi must be important for plant
evelopment and plant communities (Mandyam and Jumpponen,
005). It is known that some DSE, such as Drechslera sp., are able
o colonize root of grasses such as sorghum and the exudates pro-
uced by the host stimulated the presymbiotic stage development
f AM fungi (Navarro, 2008; Scervino et al., 2009). However, studies
n the effect of root endophytic fungi on AM fungi are scarce.

Myrtus communis (Myrtaceae) is an evergreen shrub up to 4-m
igh that is distributed throughout Mediterranean ecosystems. It

s well adapted to waterstress conditions and can also be used for
evegetation of arid and degraded zones. Many endophytic fungi
s well as AM and DSE fungi in Myrtaceae roots under nature con-
itions have been found (Matosevic et al., 1997; Jumpponen and
rappe, 1998). Some of the endophytic fungi present in M. commu-
is roots may  be able to colonize and improve the development and
rowth of agricultural plants.

The aims of this work is to study the role of endophytic fungi,
solated from roots of M.  communis,  on root colonization and dry

atter of agricultural plants as well as their effects on the AM
ymbiosis. We  selected sorghum (Sorghum vulgare) as a model of
gricultural plants. The fungus Drechslera sp. has been used as a
ungal model of endophyte able to colonize root of sorghum. To
ur knowledge, this is the first report about the presence of non-
ycorrhizal endophytic fungi in root of M.  communis and their

ffects on AM fungi.

. Materials and methods

.1. Site description

The study site was in Sierra Tejeda, Almijara y Alhama Natu-
al Park (36◦51′25′′N, 3◦41′40′′W,  elevation of around 360 m).  The
ark is located in the south of Andalucia, nearby Mediterranean
ea, between Malaga and Granada and consists of several dolomitic
ountain ranges.
Soil samples were dry ashed for mineral analysis. Total concen-

rations of K, P, Fe, Ca, Mn,  Na, Mg,  Cu and Zn of soil samples were
etermined by digestion with HNO3 + H2O2, followed by ICP-OES
20-ES (inductively coupled plasma-optical emission spectrometry)
Agilent, Santa Clara, EEUU). Soil pH was 7.9 and was  determined
n aqueous suspension of soil (1:10, w/v).

.2. Fungal isolation

Eight adults shrubs of M.  communis were randomly sampled in
ctober 2010. From each individual, fine roots and approximately
50 g of adjacent soil were collected by tracing thick roots from
he base of the trunk to their ultimate branching. Each of the three
eplicate sample consisted of five bulked subsamples taken from
he top 10 cm of soil of each shrub. All root samples were held in
terile plastic bags and fungal isolation occurred on the same day
s plant collection.

The AM spores were isolated by wet-sieving 5 g of soil from each
ample through 50–100–250–700 �m sieves and centrifuging in a
0% (w/v) sucrose gradient (Walker et al., 1982). It was counted
ytoplasm-filled, viable-looking individual spores in a Doncaster
ish (Doncaster, 1962), using a dissecting microscope. We  did not
ount floating spores which looked empty or parasitized.

For surveys of endophytic fungi, the roots were washed in run-
ing tap water and then surface-sterilized via successive dipping in

thanol 70% (1 min) and 2% sodium hypochlorite (3 min), followed
y washing three times with distilled water (2 min). The roots were
ut into ca. 4 mm  pieces, mixed and plated onto potato dextrose
gar (PDA, Difco, USA) supplemented with chloramphenicol at a
ology 61 (2012) 288– 294 289

concentration of 100 �g/ml which allow to isolate most of the endo-
phytic fungi (Collado et al., 1996; Kumar and Hyde, 2004). Twenty
five tissue segments were plated per individual totalizing 200 seg-
ments. Plates were sealed and incubated for up to 60 days at 28 ◦C
in the dark and emergent hyphae were transferred and purified on
new PDA (Difco, USA) plates. To test the effectiveness of surface
sterilization, 100 �l of water used during the last rinsing step was
placed on PDA to detect epiphytic microbial contaminants. Long-
term preservation of mycelial samples was carried out in sterile
distilled water at room temperature.

2.3. Fungal identification

Pure cultures of the fungal isolates were grouped based on
morphological characters including aerial mycelium form, colony
colours, surface texture and margin characters. At least one
representative isolate of each morphospecies was selected for
identification by sequencing of ITS region of the rRNA gene.
The protocol for DNA extraction of filamentous fungi was done
according to Rosa et al. (2009).  The internal transcribed space
(ITS) domains of rRNA gene were amplified using the uni-
versal primers ITS1 (5′-TCCGTAGGTGAACCTGCGG-3′) and ITS4
(5′-TCCTCCGCTTATTGATATGC-3′) as described by White et al.
(1990).

Amplification of ITS and sequencing protocols were per-
formed as described to Vaz et al. (2009).  Sequencing was
carried out using an ET dynamic terminator kit in a MegaBACE
1000/automated 96 capillary DNA sequencer (GE Healthcare,
Buckinghamshire, UK). The quality of each Electropherogram was
evaluated using Phred-Phrap software and consensus sequences
were obtained by alignment of both sequence strand using
CAP3 software available at the web page Electropherogram
quality analysis (http://asparagin.cenargen.embrapa.br/phph).
The nucleotide sequences and other related sequences were
aligned using the CLUSTALW software package (EMBL-EBI)
(http://www.ebi.ac.uk/clustalw/). In this study it was  defined a 3%
cut-off value to define species level based on the sequencing of the
ITS domains (Nilsson et al., 2008).

2.4. Greenhouse experiments

2.4.1. Experimental design
In order to see if there were beneficial effect of endophytic

fungi isolated from M. communis on the dry matter of sorghum and
if there were synergistic, neutral or antagonistic action between
these endophytic fungi and the AM indigenous fungi from the
Rio Verde soil, we  inoculated these endophytic fungi in Rio Verde
soils. Sorghum (S. vulgare L.) plants were grown in 0.5 l pots either
in sterilized on unsterilized soils from Rio Verde site, with the
following treatments: (1) non inoculated soil (2) soil inoculated
with each of the most frequent endophytic fungi isolated from
M. communis.  Plants were grown in a greenhouse with natu-
ral light supplemented by Sylvania incandescent and cool-white
lamps, 400 E m−2 s−1, 400–700 nm,  with a 16/8 h day/night cycle
at 25–19 ◦C and 50% relative humidity After five weeks plants were
harvested and the shoot and root dry weight, the percentage of root
length colonized by the fungi and the number of colony forming
units (CFUs) of endophytic fungi were determined. There were four
replicate pots per treatment and the experiments were repeated
twice.

The shoot and root dry weight were determined after drying at

70 ◦C for 24 h. Mineral concentrations of shoot and root of sorghum
plants were measured by after digestion with HNO3 + H2O2,
followed by ICP-OES 720-ES (inductively coupled plasma-optical
emission spectrometry) (Agilent, Santa Clara, EEUU).

http://asparagin.cenargen.embrapa.br/phph
http://www.ebi.ac.uk/clustalw/
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Table 1
Number of arbuscular mycorrhizal spores in the rhizosphere of Myrtus communis.

Fungal family Number of spores (g−1 soil)

Glomeraceae 6.3b
Acaulosporaceae 0
Gigasporaceae 0
Unknown black spores 1.5a

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

Table 2
Root length colonization of Myrtus communis.

Fungi % Root length colonization

Arbuscular mycorrhizal 37.6b
Septate fungi 0.9a
Microsclerotial formation 0.6a
90 A.B.M. Vaz et al. / Applied 

.5. Fungal inoculation

Endophytic fungi isolated from M.  communis root and Drechslera
p. BAFC 3419 from the University of Buenos Aires (GenBank acces-
ion number FJ868975), were grown at 28 ◦C in 250 ml  Erlenmeyer
asks containing 70 ml  of a potato dextrose medium on a rotary
haker at 80 rpm. The flasks were inoculated with 2 cm2 agar plugs
overed by fungi mycelia from a 7-day-old culture. After 7 days,
he fungal suspension was centrifuged at 1000 rpm to 25 min, the
upernatant was discharged and the dry weight was determined.
he pellet was resuspended in 50 ml  distilled water and 5 ml  was
ried at 70 ◦C for 24 h. A suspension at 6 mg/ml  was prepared in
istilled water and 17 mg  of mycelia was used as inoculum per
ot. Non inoculated controls were given a filtrate (Whatman no.

 paper) of the inoculum containing the common soil microflora,
ut free of fungal propagules.

.6. Fungal measure

Because endophytic fungi were not detected in sorghum root,
e evaluate the population of these fungi in the rhizosphere soil

f sorghum. The population density was determined according to
avnskov et al. (2006).  The number of CFUs in suitable dilutions of
uch samples, taken from the four replicate pots of each treatment,
ere counted 48 h after inoculation and at the end of the experi-
ent. The fungi were isolated and identified up to genera (Domsch

t al., 1980). All the endophytic fungi were identified using micro-
copic structures (conidiophores, conidia, chlamidospores) and
sing colony characteristics such as growth rate, aerial mycelium,
igmentation and sclerotial bodies (Domsch et al., 1980). Soil was
ried at 105 ◦C and weighed. The number of CFUs was expressed
er g of dry soil.

Roots of M.  communis and sorghum were rinsed in distilled
ater to remove any trace of soil, cleared and stained accord-

ng to the Phillips and Hayman method (1970).  Presence of root
ndophytic fungi and percentage of root length with endophytic
ungi colonization was determined under compound microscope
Ocampo et al., 1980). The percentage of AM colonization was mea-
ured by the grid line intersect method (Giovannetti and Mosse,
980).

.7. Statistical analysis

Two way analysis of variance (ANOVA) was used to examine
evels of significance (P < 0.05) of the treatments and their interac-
ion. A Tukey type multiple comparison “Nemenyi” test was used to
valuate if there were statistically significant differences between
ach treatment. These tests were done using the software package

 (R Developmental Core Team, 2005).
For measurement of the species diversity we determinate the

bundance, dominance and Shannon indexes (Krebs, 1989; Ryan
t al., 1995). The percentage abundance of each taxon was calcu-
ated according to the following formula: percentage abundance of
axon A = occurrence of taxon A × 100/occurrence of all taxa. Shan-
on H = −�ni/n ln(ni/n), where ni is number of individuals of the
axon i and n is the total number of individuals. This is a diver-
ity index and can vary to 0 for communities with only a single
axon to high values for communities with many taxa, each with
ew individuals. Dominance D = sum((ni/n)2), where ni is number
f individuals of the taxon i and n is the total number of individuals.
he dominance index ranges from 0 (all taxa are equally present)

o 1 (one taxon dominates the community completely). All results
ere obtained with 95% confidence and bootstrap values calculated

rom 1.000 iterations. In this study we considered only nonsingle-
ons, that is, species represented by more than two  isolates. The
Column values followed by the same letter are not significantly different as assessed
by the Tukey test (P < 0.05).

calculations were carried out using the computer program PAST
version 1.90 (Ryan et al., 1995).

3. Results

The chemical properties of soil used in this study were: K
was  2.4 g kg−1, P was 0. 237 g kg−1, Fe was  6.8 g kg−1, Ca was
129.6 g kg−1, Mn  was 0.132 g kg−1, Na was  0.474 g kg−1, Mg was
0.071 mg  kg−1, Cu was  0.013 g kg−1 and Zn was  0.043 g kg−1.

The number of AM fungal spores found in the rhizosphere of
M. communis grown in the Natural Park is described in Table 1.
Spores belonging to the Glomeraceae family were the most fre-
quent AM fungal spores; spores belonging to the Acaulosporaceae
(sessile spores) and Gigasporaceae families (spores with bulbous
subtending hyphae) were not found. Unknown black spores were
also present. Roots of M. communis was  mainly colonized with AM
fungi and reached a 37.6 ± 5.4% of root length colonization. Septate
fungi and microsclerotial formation in the roots of M.  communis
were also observed but reached less than 1% of its root length
(Table 2).

A total of 150 isolates of endophytic fungi were obtained and
36 isolates were represented by only one isolate (hereafter, sin-
gletons) while 114 were grouped into 25 different morphospecies.
One isolate from each group that presented lowest dominance and
highest abundance and Shannon index were randomly selected
for the greenhouse experiments (Table 3) and were represented
by eight groups. Molecular identification of these fungi revealed
seven different taxa, all belong to the Ascomycota phylum (Table 3).
Six endophytic fungi species showed 97–99% sequence similarity
with the ones deposited in GenBank and were identified at the
species level. The most frequent genera isolated associated with M.
communis were Phomopsis columnaris,  Cylindrocarpon destructans,
Bionectria ochroleuca 1, Bionectria ochroleuca 2, Phoma schachtii,
Eucasphaeria sp., Cylindrocarpon pauciseptatum and Bisporella sp.
(Table 3). Two endophytic fungi showed high divergence in the
ITS region when compared with fungal sequences of other fungi
deposited in the GenBank database and were identified at the
genus level. Bisporella sp. and Eucasphaeria sp. had 90% identity
with Bisporella citrina (GenBank accession number GQ411507) and
Eucasphaeria capensis CBS 120027 (GenBank accession number
EF110619), respectively. Two endophytic fungal taxa, Phomopsis
and Phoma,  isolated from M. communis roots were dark septate

endophyte.

Among all fungi tested, only P. schachtii and C. destructans sig-
nificantly increased the shoot dry weight of sorghum plants grown
in sterilized soil (Fig. 1).
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Table 3
Identification and diversity indexes of endophytic fungi associated with Myrtus communis.

Closest related species Maximum identities (%) Identification Abundance (%) Dominance D Shannon H

Phomopsis columnaris (FN394688) 99 Ph. columnaris 29 0.29 (0.13/0.21) 1.3 (1.7/2.02)
Cylindrocarpon destructans

(AM419063)
99 C. destructans 13 0.76 (0.5/1.0) 0.48 (0/0.86)

Bionectria ochroleuca ATCC 48395
(GU256754)

98 B. ochroleuca 1 4 0.37 (0.37/1.0) 1.04(0/1.04)

Bionectria ochroleuca ATCC 48395
(GU256754)

99 B. ochroleuca 2 2 0.23 (0.17/0.5) 1.3 (0.87/1.79)

Phoma schachtii CBS 502.84
(FJ427066)

97 Phoma schachtii 2 0.5 (0.5/1) 0.69 (0/0.69)

Eucasphaeria capensis CBS 120027
(EF110619)

90 Eucasphaeria sp. 2 0.5 (0.5/1) 0.69 (0/0.69)

Cylindrocarpon pauciseptatum CBS
100819 (EF607090)

98 C. pauciseptatum 2 0.5 (0.5/1) 0.69 (0/0.69)

Bisporella citrina (GQ411507) 90 Bisporella sp. 2 0.5 (0.5/1) 0.69 (0/0.69)

The numbers in parenthesis represent the lower and upper diversities values, respectively, with 95% of confidence and bootstrap values calculated from 1000 iterations.

Fig. 1. Shoot and root dry weight of Sorghum vulgare cultivated in sterilized soil with different fungi. N.i., non inoculated; P.c., Phomopsis columnaris; P.s.,  Phoma schachtii;
B p.; C.p., Cylindrocarpon paucisepatatum; C.d., Cylindrocarpon destructans; B. sp., Bisporella
s sted by the Tukey test and same letters above bars indicate lack of statistical significance
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Table 4
Population density (CFUs g−1 soil) of fungi in the rhizosphere of Sorghum vulgare
cultivated in sterilized and unsterilized soil.

Fungal species CFUs × 104 g−1 soil

Sterilized soil Unsterilized soil

2 wk 5 wk 2 wk 5 wk

Phomopsis columnaris 1.98 2.00 4.87 5.02
Cylindrocarpon destructans 5.43 5.38 7.79 7.87
Bionectria ochroleuca-1 3.41 23.4* 4.01 93.0*
B.  ochroleuca-2 2.72 2.93 3.34 3.49
Phoma schachtii 1.52 1.48 2.26 2.23
Eucasphaeria sp. 1.15 1.13 2.23 2.28
C.  pauciseptatum 1.89 1.96 4.12 4.07
Bisporella sp. 2.34 2.5 4.96 4.90

Within sterilized and within unsterilized soil treatments, values with asterisk were
.o.  1, Bionectria ochroleuca-1; B.o. 2: Bionectria ochroleuca-2; E. sp., Eucasphaeria s
p.;  D. sp., Drechslera sp. The significance of differences between treatments was  te
P  < 0.05).

None endophytic fungi tested in this study, except Drechslera sp.
olonized the root of sorghum. The percentage of root length colo-
ization of sorghum by the fungus Drechslera sp. was 12.2 ± 2.1%.

Ph. columnaris,  P. schachtii, Eucasphaeria sp. and C. paucisepta-
um increased the shoot and root dry matter of sorghum plants
rown in unsterilized soil (Fig. 2). B. ochroleuca,  Bisporella sp., C.
estructans, Drechslera sp. did not increase the shoot and root dry
eight of sorghum grown in unsterilized soils. The percentage of
M colonization of sorghum was increased significantly when Ph.
olumnaris, P. schachtii, the two strains of B. ochroleuca,  Eucasphaeria
p. and C. pauciseptatum were applied to unsterilized soil (Fig. 3).
owever, no effect of C. destructans, Bisporella sp. and Drechslera sp.
n the increase of the percentage of AM root length colonization
as observed.

The number of CFUs of inoculated fungi in the rhizosphere
f sorghum grown in sterilized and unsterilized soil is described
n Table 4. Only the population of B. ochroleuca-1 increased at
he end of the experiment either in sterilized or in unsterilized
oils.

We did not found significant effect of the endophytic fungi iso-
ated from M.  communis on shoot and root P, K, Ca, Na, Mg,  Cu
nd Zn concentrations of plants grown in sterilized or unsteril-

zed soils (Tables 5 and 6). Only the inoculation with Eucasphaeria
p. increased the shoot P concentration of sorghum growth in
nsterilized soil compared with non inoculated control plants
Table 6).
significantly different as assessed by the Tukey test (P < 0.05).

4. Discussion

The results obtained in this work confirm the occurrence of AM
fungi within the Myrtaceae and indicated that the species associ-
ated with M. communis roots, as happened in other Mediterranean

areas, are Glomus species (Matosevic et al., 1997). The information
about the other endophytic fungi isolated from M.  communis roots
is scarce.
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Fig. 2. Shoot and root dry weight of Sorghum vulgare cultivated in unsterilized soil with different fungi. N.i.,  non inoculated; P.c., Phomopsis columnaris; P.s.,  Phoma schachtii;
B.o.  1, Bionectria ochroleuca-1; B.o. 2, Bionectria ochroleuca-2; E. sp., Eucasphaeria sp.; C.p., Cylindrocarpon paucisepatatum; C.d., Cylindrocarpon destructans; B. sp., Bisporella
sp.;  D. sp., Drechslera sp. The significance of differences between treatments was  tested by the Tukey test and same letters above bars indicate lack of statistical significance
(P  < 0.05).

Fig. 3. Percentage of AM root colonization of Sorghum vulgare cultivated in non sterile soil with different fungi. N.i., non inoculated; P.c., Phomopsis columnaris; P.s., Phoma
s sphaer
B nts w
s

p
e
s
1
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chachtii;  B.o. 1, Bionectria ochroleuca-1; B.o. 2, Bionectria ochroleuca-2; E. sp., Euca
isporella sp.; D. sp.: Drechslera sp. The significance of differences between treatme
ignificance (P < 0.05).

Species of the genera Phomopsis and Phoma are known as plant
athogens with a widespread occurrence (Sutton, 1980; Aveskamp

t al., 2009) and are considered a generalist species with dark
eptate structures (Girlanda et al., 2002; Jumpponen and Trappe,
998). Ph.  columnaris were isolated from dying stem of field-grown
lants of Vaccinium vitis-idaea (Farr et al., 2002). However, the only

able 5
ineral content (g kg−1) of shoot of Sorghum vulgare grown in sterilized soil inoculated w

Fungal species P K Fe C

Non inoculated 0.762 17.079 0.157 4
Phomopsis columnaris 0.802 18.124 0.110 4
Phoma  schachtii 0.952 19.969 0.090 5
Bionectria ochroleuca-1 0.775 18.452 0.098 4
Bionectria ochroleuca-2 0.784 13.495 0.118 4
Eucasphaeria sp. 0.832 20.448 0.084 4
Cylindrocarpon paucisepatatum 0.876 18.233 0.092 4
Cylindrocarpon destructans 0.765 19.105 0.107 4
Bisporella sp. 0.802 18.521 0.136 4
Drechslera sp. 0.798 17.832 0.142 4
ia sp.; C.p., Cylindrocarpon paucisepatatum; C.d., Cylindrocarpon destructans; B. sp.,
as tested by the Tukey test and same letters above bars indicate lack of statistical

information about P. schachtii is as parasitizing cysts of the nema-
tode Heterodera schachtii (Aveskamp et al., 2009). The species of

Cylindrocarpon and Bionectria also are previously reported as a soil
saprobe fungi, occur on leave and dead plats and can act as weak
pathogen of various hosts (Domsch et al., 1980; Schroers, 2001).
C. pauciseptatum have been isolated from partly decayed root still

ith different fungi.

a Mn  Na Mg Cu Zn

.894 3.827 0.235 3.827 0.011 0.025

.734 3.902 0.197 3.673 0.009 0.023

.030 4.060 0.165 4.060 0.008 0.026

.678 3.923 0.172 3.365 0.007 0.024

.281 3.201 0.190 3.201 0.008 0.026

.872 3.835 0.107 3.835 0.007 0.024

.652 3.703 0.185 3.436 0.008 0.022

.776 3.912 0.193 3.521 0.007 0.026

.671 3.879 0.204 3.465 0.008 0.023

.901 3.918 0.181 3.902 0.007 0.024
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Table 6
Mineral content (g kg−1) of shoot of Sorghum vulgare plants grown in unsterilized soil inoculated with different fungi.

Fungal species P K Fe Ca Mn  Na Mg  Cu Zn

Non inoculated 1.263 16.388 0.130 4.667 3.711 0.102 3.711 0.006 0.016
Phomopsis columnaris 1.190 17.752 0.102 3.647 3.281 0.090 3.193 0.007 0.015
Phoma schachtii 1.110 15.563 0.088 3.238 2.690 0.078 2.690 0.005 0.012
Bionectria ochroleuca-1 1.222 17.766 0.097 3.477 3.632 0.081 3.537 0.006 0.016
Bionectria ochroleuca-2 1.293 19.944 0.090 3.535 3.267 0.069 3.267 0.006 0.013
Eucasphaeria sp. 1.463* 18.268 0.075 3.850 3.473 0.068 3.473 0.007 0.013
Cylindrocarpon paucisepatatum 1.178 18.354 0.099 3.681 3.902 0.077 3.596 0.007 0.015
Cylindrocarpon destructans 1.280 18.665 0.110 3.476 3.731 0.091 3.362 0.008 0.014
Bisporella sp. 1.257 17.952 0.096 3.701 3.486 0.089 3.642 0.009 0.013
Drechslera sp. 1.245 18.710 0.116 3.902 3.620 0.101 3.731 0.008 0.014

V .05).
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alues with asterisk were significantly different as assessed by the Tukey test (P < 0

iving but badly shooting Vitis sp. (Schroers et al., 2008). C. destruc-
ans have been shown to be pathogenic towards apple seedlings
ausing root rot and a reduction in plant biomass (Tewoldemedhin
t al., 2011). The genus Eucasphaeria was recently described as
icrofungi associated with Eucalyptus sp. (Myrtaceae) and the

pecies Eucasphaeria capensis was isolated from living leaves and
eaf litter from these plants (Crous et al., 2007). The species Bis-
orella citrina was isolated from aerial part from Nothofagus solandri
ar. cliffortioides (Nothofagaceae) (Fukami et al., 2010). Most of the
ungal species obtained as endophytic fungi in M.  communis have
lready been described as endophytic fungi of other plants species.
his opens the possibility to find interesting species of fungi for
pplication in plants of agricultural interest.

Communities of endophytic fungi may  be ubiquitous or have
ost specificity (Schulz and Boyle, 2005). The endophytic fungi iso-

ated from M.  communis may  be considered ubiquitous, but none
f them, even the DSE Ph. columnaris and P. schachtii, were able
o colonized sorghum roots. However, the DSE Drechslera sp. used
s a model of endophytic fungus was able to colonize the root
f sorghum, but did not affect the shoot and root dry weight of
orghum. Drechslera sp. is not considered as plant growth promot-
ng microorganisms of several plants (Navarro, 2008), and the low
evel of root length colonization reached by this endophyte in the
oot of sorghum may  explain its absence of beneficial effect on the
lant dry matter. However, among the endophytic fungi isolated
f M.  communis,  P. schachtii and C. destructans increased the shoot
ry weight of sorghum. Phoma sp. has been reported to be bene-
cial to several crops by promoting their growth (Ravnskov et al.,
006) and the fungus C. destructans is considered as root pathogen
Tewoldemedhin et al., 2011). It is known that some roots endo-
hytic fungi can act as saprobe fungi and get in the rhizosphere
reat nutritional benefit from organic and inorganic compounds
eleased from living roots and sloughed cells (Scervino et al.,
009).

AM fungi interact with soil fungal communities at physical,
etabolic and functional levels (Finlay, 2008). In general, interac-

ions between AM and endophytic fungi as DSE are well known
Jumpponen and Trappe, 1998). Beneficial effects of DSE Drech-
lera sp. on the presymbiotic stage of development of the AM fungi
igaspora have been described (Scervino et al., 2009). However, in
ur experiments no effect of Drechslera sp. neither on the increase
f the percentage of root colonization nor on the dry weight of
orghum was found. It is known that the effect of microorganisms
n AM development varies with the plant and the specie of AM
ungus, most of the AM fungal spores found in the M.  communis
hizosphere soil belong to Glomus genus and no Gigaspora spores
ere described. On the other hand, information about interactions
etween AM fungi and the endophytic fungi isolated from M. com-
unis, such Clonostachys, Phomopsis and Phoma is scarce, and no

nformation of interaction between AM and Eucasphaeria, Cylin-
rocarpon and Bisporella have been found (Girlanda et al., 2002;
Ravnskov et al., 2006). The effect of the AM symbiosis and other soil
microorganisms on the saprobe population of soil is important and
seems not to be dependent of the saprobe fungal specie (McAllister
et al., 1997; Martinez et al., 2004). However, in our experiments
only beneficial effect of soil microorganisms on the number of CFUs
of the strain B. ochroleuca-1 but not on the number of CFUs of B.
ochroleuca-2 were found. This result indicates that the effect of soil
microorganisms on saprobe fungal population may be completely
different, even considering strains of the same species. This fact
has to be taking into account in restoration of soil fungi population
especially in recovering degraded soils (Godeas et al., 1999). On the
other hand, although the fungi isolated from root of M.  communis
did not behave as endophytic fungi of sorghum roots, Ph. colum-
naris, P. schachtii, Eucasphaeria sp. and C. pauciseptatum behave as
some saprobe fungi with synergistic effects on AM root coloniza-
tion and plant dry matter. Several mechanisms implicated in the
interactions between AM and saprobe fungi have been described
(Fracchia et al., 2000; Arriagada et al., 2010). Some saprobe fungi
are able to mobilize nutrients and to promote a more efficient use of
the nutrients by AM colonized plants (Fracchia et al., 2000). In our
experiments, the increase of shoot dry matter of sorghum inoc-
ulated with Eucasphaeria sp. coincided with an increase in shoot
P concentration of AM colonized sorghum plants. However, both
strains of B. ochroleuca increased AM root colonization but not
plant dry matter. There are indications that saprobe fungi bene-
fits AM symbiosis mainly by increasing AM fungal development in
plant root more than to increase plant dry matter through nutri-
tional effect (Aranda et al., 2007). Nevertheless, Ph. columnaris,  P.
schachtii, and C. pauciseptatum increased plant dry matter but did
not increase nutrient concentration of sorghum suggesting that
their beneficial effect on plant dry matter is through other mecha-
nisms such as phytohormone production and will be investigated.

5. Conclusions

The root endophytic fungi isolated from M.  communis,  some of
them belonging to DSE species, did not colonized sorghum root as
did the DSE Drechslera sp. However, some of these fungi increased
AM root length colonization and plant dry matter of sorghum. The
mechanism by which these fungi increase sorghum dry weight var-
ied with different fungi. The increase of P is not the only mechanism
involved in the beneficial effect of saprobe fungi on the effective-
ness of AM fungi on plant growth.
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