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ABSTRACT
Turfgrass is frequently used today in the arrangement and aesthetic beautification of
grounds in parks, gardens, median strips, recreation and sports areas. In this study,
surveys were conduct in turfgrass areas in the three provinces of Türkiye. As a result
of isolations from the collected samples, 44 Microdochium isolates obtained
belonging to five different species including M. bolleyi, M. majus, M. nivale, M.
paspali and M. sorghi which have different virulences. Identification of the isolates
were performed by rDNA-ITS sequence analyzes. According to the pathogenicity
tests results, the most virulent species wasM. nivaleM62 with a disease severity value
of 91.93%. This was followed by M. bolleyi M1584 and M. majus M63, with disease
severity values of 91.12% and 91.08%, respectively. The virulence of M. bolleyi
isolates varied among the species. Only 13 of the 31 M. bolleyi species were found to
be virulent in turfgrass, M. paspali was less virulent than the others in Poa pratensis.
The most virulent isolate of each Microdochium species was tested on four different
cereal varieties. M. sorghi and M. paspali had low virulence values in barley and oat
than the other Microdochium species, while the other three species showed high
virulence in turfgrass, wheat and barley, other than oat. In the phylogenetic
neighboor-joining tree belonging to 44 Microdochium isolates clearly demonstrated
that the isolates were grouped into five distinct clusters.M. nivale and M. majus were
considered genetically close isolates.
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INTRODUCTION
Turfgrass areas, whose cultivation area increases day by day, are the center of the visual
attention of people due to both their social and aesthetic appearance. In recent years, the
interest in golf has led to an increase in grass areas requiring intensive maintenance.
The Microdochium genus includes many species that are highly pathogenic, weakly
pathogenic, endophytes, and saprophytes on cereals and grasses (Kirk & Deacon, 1987;
Hernández-Restrepo, Groenewald & Crous, 2016; Demirci & Dane, 2003; Hong et al., 2008;
Lenc et al., 2014; Li, Li & Qi, 2019; Gagkaeva et al., 2020; Huang et al., 2020). Pathogenic
Microdochium spp. cause severe damage, especially on wheat and barley. The fungi that
cause the disease called “snow mold” or “Microdochium patch” on wheat, especially in cool
climate conditions areM. nivale andM. majus. These fungi cause economic losses in wheat
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and barley (Tronsmo et al., 2001; Abdallah-Nekache et al., 2019; Mao et al., 2023). These
two agents also cause head blight, which is frequently observed in wheat (Kammoun et al.,
2009; Pancaldi et al., 2010; Hayashi et al., 2014). In a study conducted in Morocco, it was
reported that wheat grains were highly contaminated with M. majus (Saoudi et al., 2019).
Studies conducted in various regions of the world have shown thatM. bolleyi causes crown
and root rots in grasses (Braun, 1995; Hong et al., 2008). Studies are reporting that
M. bolleyi causes root and crown rot in wheat and barley as well as grass, however studies
report that it is not a pathogen (Hannukkala & Koponen, 1987; Hemens, Steiner &
Schnbeck, 1992; Lenc et al., 2014; Li, Li & Qi, 2019). For this reason, there are conflicting
results regarding the hosts in which M. bolleyi causes disease. Another Microdochium
species, M. sorghi, causes zonate leaf spots and rot on Sorghum spp. and other Poaceae
(Von Arx, 1987; Braun, 1995), while M. paspali causes seaside paspalum disease on
Paspalum vaginatum (Zhang et al., 2015). It has been reported that M. nivale causes basal
rot, crown rot, and dryland root rot in dryland wheat fields in Türkiye, and also causes
color change in seedlings or necrotic lesions in internode tissues in winter wheat (Demirci
& Dane, 2003; Tunali et al., 2008).

The rDNA region of microorganisms has been used frequently and successfully in
molecular diagnosis, taxonomy studies, and genetic diversity studies since the early 1980s.
One of the reasons for this is the high copy number in the genome for DNA required for
successful amplification, and also because the rDNA region consists of highly conserved
regions that enable the design of general primers such as the ITS (White et al., 1990). This
region is the most comprehensively sequenced and studied region in fungi (Schoch et al.,
2009), which has enabled the creation of an enormous data pool (O’Brien et al., 2005).
In addition to rDNA sequences such as 18S or 28S (Hernández-Restrepo, Groenewald &
Crous, 2016; Baghela & Singh, 2017;Hong et al., 2008; Li, Li & Qi, 2019; Gao et al., 2022), β
tubulin (Myllys, Stenroos & Thell, 2002), RNA-polymerase binding proteins 1, 2 (Schoch
et al., 2009), and elongation factor-1a (Schoch et al., 2009) have been used frequently in
fungi. The regions are also used successfully in molecular phylogeny. In recent years,
genetic differences between species within the Microdochium genus have been revealed
using different gene regions (Hernández-Restrepo, Groenewald & Crous, 2016; Zhang et al.,
2015; Crous et al., 2018, 2019; Marin-Felix et al., 2017; Gao et al., 2022).

Microdochium species and their metabolites have also been reported to be used in the
treatment of some diseases in plants and humans. For example, bioactive compounds of
Microdochium species can be used successfully against Verticillium dahliae, which causes
plant vascular wilt (Berg et al., 2005). Cyclosporine A, a metabolite used to control animal
and human diseases, has been isolated from M. nivale (Bhosale et al., 2011) and
M. phragmitis extracts be cytotoxic in tumor cell lines in humans (Santiago et al., 2012).
Therefore, the possibilities of using Microdochium species in biotechnology should be
investigated in detail in the future.

This study aimed to identify Microdochium species isolated from turfgrass roots, to
determine the pathogenicity of the obtained species in turfgrass, wheat, barley, and oats,
and phylogenetic analysis of the DNA sequences of the isolates.
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MATERIALS AND METHODS
Sample collection and isolations
Surveys were conducted in turfgrass areas of Eskişehir, Ankara, and Kocaeli provinces of
Türkiye, and turfgrass samples were collected. In the isolations from the plants, tissue
pieces of the diseased root and crown were dried on sterile blotting paper after 1-min
surface disinfection in 1% sodium hypochlorite. Then, it was placed on potato dextrose
agar (Difco, Franklin Lakes, NJ, USA). After 3–4 days, the hyphae tips of Microdochium-
like fungi were removed with a sterile loop and transferred to PDA, and then to water agar
(Merck, Darmstadt, Germany) for single spore isolation (Lees et al., 1995).

Pathogenicity tests
Before pot experiments, preliminary pathogenicity tests were performed in Petri dishes to
eliminate non-pathogenic isolates. Preliminary pathogenicity assays were performed
according to Ichielevich-Auster et al. (1985) using susceptible turfgrass (Poa pratensis).
In preliminary pathogenicity tests, 4 mm-long mycelial disks taken from cultures of the
isolate grown in PDA medium at 25 �C for 3 days were transferred to 2% water agar (WA)
and allowed to develop for 2 days under the same conditions. Ten seeds were then placed
at the tip of the growing edge of the developing isolates in each petri dish, after the seeds of
the susceptible grass variety had been disinfected in 1% NaOCl for 1 min and dried
between sterile blotting papers. Fungus-free PDA discs were used as controls. Five petri
dishes were used for each isolate. After 7–8 days of incubation at 25 �C, the roots and
hypocotyls of the plants were examined. As a result of the assays, those showing symptoms
such as light discoloration in the hypocotyl and roots, rot, and root loss were selected for
pot trials. Inoculum obtained by wrapping the fungi into rye seeds was used in pot
analyses. Colonies growing on potato dextrose agar medium were cut into 3 mm squares
and transferred into flasks containing a twice-autoclaved mixture (50:50, by weight) of rye
kernels. Flasks were incubated for 2 weeks and shaken intermittently to reduce clumping.
The inoculum obtained after incubation was dried on sterile paper and chopped in a
blender (Smiley, 2019). Then, this inoculum was mixed at 5% (w/w) into the prepared
mixture (soil, sand, and manure) in a 2:1:1 ratio (sterilized twice at 121 �C for 45 min,
1 day apart). Each application was carried out in three repetitions with square pots of
12 cm × 12 cm (Smiley, 2019). No inoculum was added to the control pots. The pots were
covered with nylon bags and left to incubate for 3 days. After incubation was completed,
thirty P. pratensis seeds were planted in each pot and covered with soil. After planting, each
pot was watered with approximately 20 ml of sterile water. Experiments were carried out in
three replicates. After 4 weeks, grass plants were examined and evaluated using the 0–3
scale: 0 = no symptoms; 1 = <30% of the root color change (mild symptoms); 2 = 30–65%
of the root color change (moderate symptoms); 3 = 66–100% of the root color change or
the plant completely dead (severe symptoms) (Cong et al., 2018). The disease severity
values were calculated using the disease severity value (DSV) formula. DSV(%) = ∑

(Number of plants at each rating scale × rating scale score)/(Total number of plants ×
maximum rating scale score) × 100 (Townsend & Heuberger, 1943). Finally, at the end of
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the study, the reisolation of fungi from plants was carried out. As a consequence of the
pathogenicity tests, isolates with disease severity values between 80–100% were considered
highly virulent, isolates with disease severity values between 70–80% were considered
moderately virulent, and isolates with disease severity values at 70% and below were
considered as low virulent.

Pathogenicity studies of Microdochium species in cereals
In the study, the most virulent isolate isolated in each Microdochium species was selected
and their virulences were investigated in selected commercial and prevalent cultivars of
turfgrass, wheat, barley, and oat varieties. Tall fescue turfgrass (Festuca arundinacea
Schreb), Tarm-92 barley (Hordeum vulgare L.), Kızıltan-91 wheat (Triticum aestivum L.),
and Seydişehir oat (Avena sativa L.) varieties were used in the trials. The experiments were
carried out in greenhouse conditions with pot trials in three replicates. Inoculum
preparation and application of inoculum to plant roots and evaluations were carried out as
in pathogenicity tests. The pathogenicity tests were conducted on the cereals, disease
severity values between 80–100% were considered susceptible to isolate, cereals with
disease severity values between 70–80% were considered moderately susceptible to isolate,
cereals with disease severity values between 70–50% were considered moderately resistant,
and those below 50% were considered resistant (Aktas & Bora, 1981).

Data analysis
All data were subjected to analysis of variance (ANOVA) with Statistical Version 12 (SPSS
Statistics 16.0). The significance of mean differences in disease severity was determined
using Tukey’s test with P = 0.05 as a significance threshold. The data obtained in the study
were analyzed according to a completely random design.

Molecular identification and phylogenetic evaluation
In molecular studies, ITS regions of rDNA of Microdochium isolates were amplified using
the universal primers ITS-1 (5′ TCC GTA GGT GAA CCT GCGG 3′) and ITS-4 (5′ TCC
TCC GCT TAT TGA TATGC 3′) (White et al., 1990). DNAs were isolated by using a
Blood and Tissue Kit (QIAGEN), according to the instructions for use. Each PCR reaction
contained 12 µL Taq DNA Polymerase 2x Master Mix, 1 µL of each primer (10 mM), and
3 µL of template DNA. The PCR reaction mix was adjusted to a final volume of 25 mL with
ultrapure water. PCR amplifications were carried out on the ABI Veriti thermal cycler.
The following cycling protocols were used (Hong et al., 2008): The thermal cycler
parameters were programmed for one cycle of denaturation at 95 �C for 4 min, 35 cycles of
denaturation at 95 �C for 1 min, annealing at 58 �C for 1 min, extension at 72 �C for 1 min,
and a final extension at 72 �C for 7 min. PCR products were analyzed by electrophoresis on
a 2% agarose gel prepared with Pronosafe (Conda, Spain) DNA dye and visualized under a
UV transilluminator. Sequence analyses were performed by BM Lab (Ankara, Türkiye).
Then Blast analyses of isolates were made using these sequences on NCBI (http://www.
ncbi.nlm.nih.gov) to find the closest matches. Sequences were edited and aligned by the
CLUSTAL W method (Thompson, Higgins & Gibson, 1994). The phylogenetic tree was
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constructed using the ITS sequences of the fungi using the neighbor-joining method by
MEGA ver 7.0 software (Kumar, Stecher & Tamura, 2016), and the sequence distance was
calculated with the Kimura 2-parameter model (Kimura, 1980). Bootstrap analysis was
performed with 1,000 replications to determine the support for each clade.

RESULTS
A total of 153 turfgrass samples were collected from parks, gardens, recreation areas,
stadiums, and refuges in Ankara, Eskişehir, and Kocaeli provinces, where yellowing,
wilting, blight, necrosis, rotting of roots, and rings and patches on the ground were
observed. As a result of the isolations made from the roots and crowns of the samples, 44
fungal isolates belonging to the Microdochium genus were obtained. As a result of
rDNA-ITS sequencing and BLAST analysis, 31 of the 44 Microdochium isolates obtained
were identified asM. bolleyi, seven as M. nivale, three as M. paspali, two as M. majus, and
one as M. sorghi.

As a result of preliminary pathogenicity tests performed in petri dishes using the
turfgrass-sensitive variety Poa pratensis, which is sensitive to Fusarium species, 18 species
of M. bolleyi were evaluated as non-pathogenic and eliminated because they did not show
any disease symptoms in the roots and hypocotyls. The other 13 M. bolleyi species caused
necrosis and decay on hypocotyls. All the other Microdochium species subjected to
preliminary pathogenicity tests caused necrosis and decay on hypocotyls. The other
Microdochium isolates caused hypocotyl necrosis and decay in the preliminary
pathogenicity tests. Pathogenicity studies were conducted in pots with 26 Microdochium
species, which were evaluated as virulent in preliminary pathogenicity tests (Table 1). As a
result of the pathogenicity studies, no statistical difference was found between M. nivale
M62,M. bolleyiM1584,M. majusM63, andM. bolleyiM246 isolates, which caused disease
severity of 91.93%, 91.12%, 91.08% and 90.96%, respectively, and they were determined to
be the most virulent isolates. The isolate with the lowest virulence value among M. bolleyi
isolates was M. bolleyi M732, isolated from Ankara with 70.04% disease severity and
evaluated as moderately virulent. When M. nivale isolates were evaluated, six isolates
except M. nivale M171 were determined to be highly virulent, with disease severity values
between 85.04% and 91.93%. Among M. paspali species, the most virulent isolate was
M. paspali M874, with a disease severity of 87.66% (Figs. 1 and 2). The disease severity in
the other twoM. paspali species was calculated at 72.12% and 77.74% and was considered
moderately virulent. All M. majus and M. sorghi isolates were found highly virulent
(Table 1, Fig. 1). The virulence values of Microdochium isolates isolated from turfgrass
areas varied between as moderately and highly virulent (Table 1, Figs. 1 and 2).

When pathogenic and non-pathogenic isolates are evaluated together, most
Microdochium isolates were isolated from Kocaeli province, while the most pathogenic
isolates were isolated from Eskişehir province. In addition, highly pathogenic M. bolleyi
isolates were obtained from Kocaeli province, which is mostly coastal and has a more
temperate climate than other provinces. More isolates of the M. nivale species were
obtained in Ankara and Eskişehir, which have a continental climate, and it was determined
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that M. nivale species obtained from these two provinces were more virulent in turfgrass
(Table 1).

By selecting the most virulent isolates of five species isolated from turfgrasses, their
virulences were investigated in tall fescue turfgrass (Festuca arundinacea Schreb), Tarm-92
barley (Hordeum vulgare L.), Kızıltan-91 wheat (Triticum aestivum L.), and Seydişehir oat
(Avena sativa L.) varieties, which are widely used in Türkiye (Table 2).

F. arundinacea was found to be susceptible to all five Microdochium species, showing
disease severity values between 79.46% and 92.96%. The most virulent species in
F. arundinacea was M. bolleyi, which showed a disease severity value of 92.96%. This was
followed by M. majus with a value of 92.18%. M. paspali was found to cause less severe
disease (79.46%) in F. arundinacea compared to the other four Microdochium species.
T. aestivum was found to be susceptible to all Microdochium species, showing disease

Table 1 Species, diseases severity values, location and plant origin of pathogen Microdochium spp.
isolates from turfgrass areas.

Species and isolate number Disease severity (%) Location Plant origin

Microdochium bolleyi M242 71.98 ± 1.54 gh* Ankara Root and crown

M. bolleyi M246 90.96 ± 2.64 a Kocaeli Root and crown

M. bolleyi M411 86.62 ± 3.16 abc Kocaeli Root and crown

M. bolleyi M536 88.42 ± 1.38 ab Kocaeli Root and crown

M. bolleyi M560 79.83 ± 7.01 bcdefgh Ankara Root and crown

M. bolleyi M732 70.04 ± 6.21 h Ankara Root and crown

M. bolleyi M737 76.22 ± 3.72 efgh Eskişehir Root and crown

M. bolleyi M855 87.22 ± 2.62 abc Kocaeli Root and crown

M. bolleyi M856 73.12 ± 2.91 fgh Ankara Root and crown

M. bolleyi M918 82.54 ± 2.63 abcdef Kocaeli Root and crown

M. bolleyi M1413 74.76 ± 3.14 fgh Ankara Root and crown

M. bolleyi M1584 91.12 ± 1.30 a Kocaeli Root and crown

M. bolleyi M1619 76.46 ± 2.53 defgh Eskişehir Root and crown

Microdochium nivale M62 91.93 ± 1.72 a Eskişehir Root and crown

M. nivale M90 85.04 ± 3.99 abcde Ankara Root and crown

M. nivale M91 88.83 ± 4.13 ab Ankara Root and crown

M. nivale M151 86.42 ± 3.76 abcd Eskişehir Root and crown

M. nivale M152 80.37 ± 2.25 bcdefg Ankara Root and crown

M. nivale M171 75.21 ± 1.28 efgh Kocaeli Root and crown

M. nivale M191 89.50 ± 1.56 ab Ankara Root and crown

Microdochium paspali M98 72.12 ± 1.57 gh Kocaeli Root and crown

M. paspali M867 77.74 ± 3.57 cdefgh Ankara Root and crown

M. paspali M874 87.66 ± 1.37 abc Eskişehir Root and crown

Microdochium majus M63 91.08 ± 2.48 a Eskişehir Root and crown

M. majus 473 87.58 ± 2.64 abc Ankara Root and crown

Microdochium sorghi M241 83.08 ± 3.41 abcdef Kocaeli Root and crown

Note:
* Different lowercase letters in column indicate significant differences at P < 0.001 probability level according to Tukey’s
Test
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Figure 2 Images from pathogenicity studies: (A)Microdochium nivaleM62, (B)M. bolleyiM560, (C)
M. bolleyi M536, (D) M. paspali M874. Full-size DOI: 10.7717/peerj.16837/fig-2

Figure 1 Diseases severity values of isolates of pathogen Microdochium spp. from turfgrass areas.
Full-size DOI: 10.7717/peerj.16837/fig-1
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severity of 83.29–91.52%. The species that caused the most severe disease in T. aestivum
was Microdochium majus. Hordeum vulgare was found to be sensitive to M. bolleyi, M.
majus, and M. nivale, while it was found to be moderately sensitive to M. sorghi and
M. paspali compared to the other three species, with disease severity values of 69.75% and
74.67%, respectively. While Avena sativa showed a moderately resistant reaction to
M. paspali with a disease severity value of 63.29%, it showed a moderately sensitive
reaction to the other four species (Table 2, Figs. 3 and 4).

Table 2 Diseases severity values of five Microdochium species on turfgrass, wheat, barley and oat.

Disease severity values (%)

Microdochium spp. Festuca arundinacea* Triticum aestivum** Hordeum vulgare* Avena sativa* Mean*****

M. bolleyi*** 92.96 ± 2.06 a A 87.66 ± 1.37 A 92.12 ± 1.57 a A 76.33 ± 3.57 a B 87.27 ± 7.20 A

M. nivale*** 87.12 ± 4.28 abc AB 91.17 ± 4.35 A 86.48 ± 5.34a AB 75.91 ± 4.10 a B 85.17 ± 705 A

M. sorghi*** 84.37 ± 3.88 bc AB 86.83 ± 3.49 A 74.67 ± 4.07bc BC 68.58 ± 4.79ab C 78.61 ± 8.44 AB

M. paspali*** 79.46 ± 1.71 c A 83.29 ± 3.09 A 69.75 ± 2.88 c B 63.29 ± 3.09 b B 73.95 ± 857 B

M. majus*** 92.18 ± 1.98 ab A 91.52 ± 4.00 A 82.87 ± 6.36 ab AB 77.66 ± 1.37 a B 86.06 ± 7.19 A

Mean**** 87.22 ± 5.77 AB 88.09 ± 4.27 A 81.18 ± 9.12 B 72.36 ± 6.48 C 82.21 ± 9.06

Notes:
* Different lowercase letters in the columns indicate significant differences between pathogens in each plant genera at least P < 0.01 probability level.
** In the column the pathogens were non-significant in the plant genus at P < 0.05 probability level.
*** Different capital letters in the lines indicate significantly differences between the plant genera in each pathogen at least P < 0.01 probability level.
**** Different capital letters in last line indicate significantly differences between plant genera in the mean of pathogens at least P < 0.01 probability level.
***** Different capital letters in last column indicate significantly differences between pathogen genera in mean of plant genera at least P < 0.01 probability level according

to Tukey’s Test.

Figure 3 Disease severity values of five Microdochium species on turfgrass, wheat, barley and oat.
Full-size DOI: 10.7717/peerj.16837/fig-3
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A phylogenetic tree with the Microdochium isolates isolated from turfgrass was
constructed by bootstrap neighbor-joining analysis of nucleotide sequences to evaluate
genetic differences among isolates belonging to five Microdochium species.
The Neighboor-Joining phylogenetic tree belonging to Microdochium isolates
demonstrated that the isolates were grouped into five distinct clusters (Fig. 5). It was
observed that M. nivale and M. majus species formed their own small groups within the
same group on the tree. This situation showed that these two species were genetically
closely related species. Isolates belonging to the other four species were grouped within
themselves and formed groups in different places than other species (Fig. 5).

DISCUSSION
The aim of this study was to identify Microdochium species isolated from turfgrass fields,
to investigate the pathogenicity of the identified species on turfgrass, wheat, barley, and
oat, and to investigate the genetic variation among the isolates. As a result of the surveys
carried out in the spring, it was determined that the dominant species in Eskişehir, Ankara,
and Kocaeli provinces was M. bolleyi. This was followed by M. nivale. M. bolleyi was
generally isolated from the seaside province of Kocaeli, and the virulence of M. bolleyi
species isolated from this province was higher than the others. This suggests thatM. bolleyi
is better adapted to regions with humid and temperate climates. M. nivale, M. Majus, and
M. sorghi were more isolated from Ankara and Eskişehir, which have a continental and
relatively colder climate. It is known that M. nivale survives even at low temperatures and
causes serious infections, especially in grass and wheat (Tronsmo et al., 2001). In a study
conducted in China, it was reported that M. paspalum caused leaf necrosis in the grass
species Paspalum vaginatum on golf courses in late winter and early spring.

Figure 4 Disease severity values of four plant species under Microdochium spp. inoculations.
Full-size DOI: 10.7717/peerj.16837/fig-4
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In this study, while all of the M. nivale, M. paspali, M. Majus, and M. sorgi species
isolated from grass areas were found to be pathogenic in turfgrass, only 13 of the 31
M. bolleyi species isolated were found to be pathogenic in turfgrass. Pathogenicity values of
M. bolleyi isolates also varied.

Figure 5 Neighbour-Joining phylogenetic tree of Microdochium isolates obtained with 1,000
bootstrap replicates. Full-size DOI: 10.7717/peerj.16837/fig-5
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While it was stated in some previous studies that M. bolleyi was a non-pathogenic,
endophytic (Mandyam, Loughin & Jumpponen, 2010) and weak parasitic (Kirk & Deacon,
1987) agent, in some recent studies, it was found to be a pathogen, especially in turfgrasses
(Braun, 1995; Hong et al., 2008). In a study conducted in Finland, it was reported that
M. bolleyi is a fungus commonly found on barley and wheat roots (Hannukkala &
Koponen, 1987). Additionally, M. bolleyi is reported to be isolated from diseased roots,
often together with other fungi that cause disease in cereals. In the same study, it was
reported that the agent also colonized other plants other than oats and cereals, although
not as much as wheat and barley. Hemens, Steiner & Schnbeck (1992) stated thatM. bolleyi
develops within roots and coleoptiles of barley either leading to damage of the tissue or a
symptomless infection. They indicated that the hyphae of the agent were seen in both,
roots and coleoptiles in dead cells only. On the other hand, it was reported that M. bolleyi
caused root rot on naked barley in China (Li, Li & Qi, 2019). It has even been reported to
cause damping-off on wheat (Lenc et al., 2014). In this study, although the majority of
M. bolleyi Türkiye isolates were determined to be non-pathogenic, pathogenic isolates were
determined to be highly virulent, especially in grass, wheat, and barley. Wheat, barley, and
grass in particular were found to be susceptible to virulent strains of the agent. Similarly, it
has been reported that M. bolleyi causes basal rot and causes significant damage to
turfgrasses on golf courses in Korea (Hong et al., 2008).

In this study, allM. majus andM. nivale isolates from turfgrass were highly pathogenic
on turfgrass and the other cereals. These two species were isolated especially from
terrestrial and cold areas and their disease severity values were found to be quite high.
It was stated that M. nivale species are common plant pathogens in cool and temperate
regions of the northern hemisphere (Lees et al., 1995; Tronsmo et al., 2001;Waalwijk et al.,
2003; Hong et al., 2008; Kammoun et al., 2009). Although some studies indicated that
M. majus is relatively less pathogenic than M. nivale on grasses (Holmes, 1976; Hofgaard
et al., 2006), in this study, M. majus caused disease severity similar to M. nivale. M. majus
caused brown foot rot in wheat (Mao et al., 2023). Both species cause significant damage to
cereals (Diamond, Cooke & Dunne, 1995). In this study, all M. paspali species were found
to be moderately pathogenic in turfgrass. M. paspali species were isolated from all three
provinces, and the most virulent M. paspali strain was isolated from Eskişehir, Türkiye.
In a study conducted in China, it was reported that M. paspali caused serious damage to
golf courses in regions with cold climate periods (Zhang et al., 2015). M. sorghi causes
zonate leaf spots and decays on Sorghum species and other Poaceae (Von Arx, 1987; Braun,
1995). In this study, while M. sorghi was highly virulent in turfgrass and wheat, it was
found to be moderately virulent in barley and oats. In the future, studies should be
conducted to reveal the virulence status of Microdochium species isolated from different
geographical regions and climatic conditions in Poaceae.

Microdochium species have been reclassified with molecular studies conducted in recent
years (Glynn et al., 2005; Jewell & Hsiang, 2013;Hernández-Restrepo, Groenewald & Crous,
2016). For instance, Glynn et al. (2005), as a result of their analysis using the translation
elongation factor 1-alpha gene (TEF1), showed that there were significant differences
between the isolates previously identified as M. nivale and that these isolates were two
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separate species, M. nivale and M. majus. In this study, with different Microdochium
species isolated from turfgrass, a Neighbour-Joining phylogenetic tree was constructed
with 1000 bootstrap replicates. The phylogenetic tree was constructed based on the
internal transcribed spacer (ITS) genetic region of 44 isolates including different
Microdochium isolates. ITS is the most commonly used in phylogenetic studies of fungal
isolates, followed by EF-1a, β-tubulin and RPB2 (Hibbett et al., 2016). Genetic differences
between species in five different Microdochium species were detected on the tree.
The results obtained in the current study support the suggestion of Glynn et al. (2005).
In their studies, researchers stated that M. nivale and M. majus should be considered as
two separate species. However, Jewell & Hsiang (2013) stated in their study that they could
not distinguish between these two fungal species using ITS sequences. They reported that
the multicopy nature of the ITS sequence facilitates amplification from low-quality DNA
but also limits the ability to distinguish between inter- and intraspesific variations (James
et al., 2006; O’Donnell et al., 2015; Hibbett et al., 2016). In our study,M. bolleyi, M. paspali,
andM. sorghi isolates were grouped among themselves and settled in different parts of the
tree, butM. nivale andM. majus species formed two different small groups within a single
large group, showing that they were two different species close to each other. It was
observed that M. nivale species showed minor differences within themselves.

CONCLUSIONS
In conclusion, the results obtained from the genotypic and pathogenic differences detected
between isolates from this study support the species-based differences of Microdochium
genus members. Future investigations of the relationships between host diversity and the
genetic diversity of isolates and the effects of different geographical regions and climatic
conditions on genetic diversity will bring interesting results. Further studies may reveal
new Microdochium isolates, their virulence in different hosts, and their management.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The author received no funding for this work.

Competing Interests
The author declares that they have no competing interests.

Author Contributions
� Filiz Ünal conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:

The raw measurements are available in the Supplemental Files.

Ünal (2024), PeerJ, DOI 10.7717/peerj.16837 12/16

http://dx.doi.org/10.7717/peerj.16837#supplemental-information
http://dx.doi.org/10.7717/peerj.16837
https://peerj.com/


Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.16837#supplemental-information.

REFERENCES
Abdallah-Nekache N, Laraba I, Ducos C, Barreau C, Bouznad Z, Boureghda H. 2019.

Occurrence of fusarium head blight and fusarium crown rot in Algerian wheat: identification of
associated species and assessment of aggressiveness. European Journal of Plant Pathology
154(3):499–512 DOI 10.1007/s10658-019-01673-7.

Aktas H, Bora T. 1981. Untersuchen uber die biologie und physiologische varition von auf
mittelano tolischen gersten vorkommenden Drechslera sorokiana (Sacc.) subram and jain und
die reaktion der befallenen gersten sorten auf den parasiten. Journal of Turkish Phytopathology
10:1–24.

Baghela RS, Singh SK. 2017. Morphology and phylogeny of Microdochium fisheri. A new record
from India. Plant Pathology and Quarantine 7:191–200 DOI 10.5943/ppq/7/2/13.

Berg G, Zachow C, Lottmann J, Götz M, Costa R, Smalla K. 2005. Impact of plant species and site
on rhizosphere-associated fungi antagonistic to Verticillium dahliae Kleb. Applied and
Environmental Microbiology 71(8):4203–4213 DOI 10.1128/AEM.71.8.4203-4213.2005.

Bhosale SH, Patil KB, Parameswaran PS, Naik CG, Jagtap TG. 2011. Active pharmaceutical
ingredient (api) from an estuarine fungus, Microdochium nivale (Fr.). Journal of Environmental
Biology 32:653–658.

Braun UA. 1995. Monograph of Cercosporella, Ramularia, and allied genera (Phytopathogenic
Hyphomycetes). Vol. 1. Eching, Germany: Ihw-Verlag.

Cong LL, Sun Y, Wang Z, Kang JM, Zhang TJ, Biligetu B, Yang Q. 2018. A rapid screening
method for evaluating resistance of alfalfa (Medicago sativa L.) to Fusarium root rot. Canadian
Journal of Plant Pathology 40:61–69 DOI 10.1080/07060661.2017.1402822.

Crous PW, Schumache RK, Akulov A, Thangavel R, Hernández-Restrepo M, Carnegie AJ,
Cheewangkoon R, Wingfeld MJ, Summerel BA, Quaedvlieg W, Coutnho TA, Roux J,
Wood AR, Giraldo A, Groenewald JZ. 2019. New and interesting fungi. 2. Fungal Systematics
and Evolution 3:57–134 DOI 10.3114/fuse.2019.03.06.

Crous PW, Schumacher RK, Wingfield MJ, Akulov A, Denman S, Roux J, Braun U, Burgess TI,
Carnegie AJ, Váczy KZ, Guatimosim E, Schwartsburd PB, Barreto RW, Hernández-
Restrepo M, Lombard L, Groenewald JZ. 2018. New and interesting fungi. 1. Fungal
Systematics and Evolution 1(1):169–215 DOI 10.3114/fuse.2018.01.08.

Demirci E, Dane E. 2003. Identification and pathogenicity of Fusarium spp. from stem bases of
winter wheat in Erzurum, Turkey. Phytoparasitica 31(2):170–173 DOI 10.1007/BF02980787.

Diamond H, Cooke BM, Dunne B. 1995. Information note: microdochium leaf blotch of oats—a
new foliar disease caused by Microdochium nivale var. nivale in Ireland. Plant Varieties & Seeds
8:171–174.

Gagkaeva TY, Orina AS, Gavrilova OP, Gogina NN. 2020. Evidence of Microdochium fungi
associated with cereal grains in Russia. Microorganisms 8:340
DOI 10.3390/microorganisms8030340.

Gao Y, Ren GC, Wanasinghe DN, Xu JC, de Farias ARG, Gui H. 2022. Two new species and a
new record of Microdochium from grasses in Yunnan Province, South-West China. Journal of
Fungi 8(12):1297 DOI 10.3390/jof8121297.

Ünal (2024), PeerJ, DOI 10.7717/peerj.16837 13/16

http://dx.doi.org/10.7717/peerj.16837#supplemental-information
http://dx.doi.org/10.7717/peerj.16837#supplemental-information
http://dx.doi.org/10.1007/s10658-019-01673-7
http://dx.doi.org/10.5943/ppq/7/2/13
http://dx.doi.org/10.1128/AEM.71.8.4203-4213.2005
http://dx.doi.org/10.1080/07060661.2017.1402822
http://dx.doi.org/10.3114/fuse.2019.03.06
http://dx.doi.org/10.3114/fuse.2018.01.08
http://dx.doi.org/10.1007/BF02980787
http://dx.doi.org/10.3390/microorganisms8030340
http://dx.doi.org/10.3390/jof8121297
http://dx.doi.org/10.7717/peerj.16837
https://peerj.com/


Glynn NC, Hare MC, Parry DW, Edwards SG. 2005. Phylogenetic analysis of EF-1 alpha gene
sequences from isolates of Microdochium nivale leads to elevation of varieties majus and nivale
to species status. Mycological Research 109(8):872–880 DOI 10.1017/S0953756205003370.

Hannukkala A, Koponen H. 1987. Microdochium bolleyi, a common inhabitant of barley and
wheat roots in Finland. Karstenia 27:31–36 DOI 10.29203/ka.1987.251.

Hayashi Y, Kozawa T, Aiuchi D, Koike M, Akino S, Kondo N. 2014. Population genetic structure
ofMicrodochiummajus andMicrodochium nivale associated with Fusarium head blight of wheat
in Hokkaido. European Journal of Plant Pathology 140(4):787–795
DOI 10.1007/s10658-014-0509-3.

Hemens E, Steiner U, Schnbeck F. 1992. Infektions-strukturen von Microdochium bolleyi an
Wurzeln und Koleoptilen von Gerste. Journal of Phytopathology 136:57–66
DOI 10.1111/j.1439-0434.1992.tb01281.x.

Hernández-Restrepo M, Groenewald JZ, Crous PW. 2016. Taxonomic and phylogenetic
re-evaluation ofMicrodochium,Monographella and Idriella. Persoonia-Molecular Phylogeny and
Evolution of Fungi 36(1):57–82 DOI 10.3767/003158516X688676.

Hibbett D, Abarenkov K, Kõljalg U, Öpik M, Chai B, Cole JR, Wang Q, Crous PW,
Robert VARG, Helgason T, Herr JR, Kirk PM, Lueschow S, O’Donnell K, Nilsson RH,
Oono R, Schoch CL, Smyth C, Walker DM, Porras-Alfaro A, Taylor JW, Geiser DM. 2016.
Sequence-based classification and identification of Fungi. Mycologia 108:1049–1068
DOI 10.3852/16-130.

Hofgaard IS, Wanner LA, Hageskal G, Henriksen B, Klemsdal SS, Tronsmo AM. 2006. Isolates
of Microdochium nivale and M. majus differentiated by pathogenicity on perennial ryegrass
(Lolium perenne L.) and in vitro growth at low temperature. Journal of Phytopathology
154(5):267–274 DOI 10.1111/j.1439-0434.2006.01092.x.

Holmes SJI. 1976. Comparative study of the infection of perennial ryegrass by Fusarium nivale and
F. culmorum in sterilized soil. Annals of Applied Biology 84:13–19
DOI 10.1111/j.1744-7348.1976.tb01724.x.

Hong SK, KimWG, Choi W, Lee SY. 2008. Identification ofMicrodochium bolleyi associated with
basal rot of creeping bent grass in Korea. Mycobiology 36(2):77–80
DOI 10.4489/MYCO.2008.36.2.077.

Huang ST, Xia JW, Zhang XG, Sun WX, Li Z. 2020. Two new species of Microdochium from
Indocalamus longiauritus in south-western China. MycoKeys 72(1–2):93–108
DOI 10.3897/mycokeys.72.55445.

Ichielevich-Auster M, Sneh B, Koltin Y, Barash I. 1985. Suppression of damping-off caused by
Rhizoctonia species by a non-pathogenic isolate of R. solani. Phytopathology 75:1080–1084.

James TY, Kauff F, Schoch CL, Matheny PB, Hofstetter V, Cox CJ, Celio G, Gueidan C,
Fraker E, Miadlikowska J, Lumbsch HT, Rauhut A, Reeb V, Arnold AE, Amtoft A, Stajich JE,
Hosaka K, Sung GH, Johnson D, O’Rourke B, Crockett M, Binder M, Curtis JM, Slot JC,
Wang Z, Wilson AW, Schüssler A, Longcore JE, O’Donnell K, Mozley-Standridge S,
Porter D, Letcher PM, Powell MJ, Taylor JW, White MM, Griffith GW, Davies DR,
Humber RA, Morton JB, Sugiyama J, Rossman AY, Rogers JD, Pfister DH, Hewitt D,
Hansen K, Hambleton S, Shoemaker RA, Kohlmeyer J, Volkmann-Kohlmeyer B, Spotts RA,
Serdani M, Crous PW, Hughes KW, Matsuura K, Langer E, Langer G, Untereiner WA,
Lücking R, Büdel B, Geiser DM, Aptroot A, Diederich P, Schmitt I, Schultz M, Yahr R,
Hibbett DS, Lutzoni F, McLaughlin DJ, Spatafora JW, Vilgalys R. 2006. Reconstructing the
early evolution of Fungi using a six-gene phylogeny. Nature 443:818–822
DOI 10.1038/nature05110.

Ünal (2024), PeerJ, DOI 10.7717/peerj.16837 14/16

http://dx.doi.org/10.1017/S0953756205003370
http://dx.doi.org/10.29203/ka.1987.251
http://dx.doi.org/10.1007/s10658-014-0509-3
http://dx.doi.org/10.1111/j.1439-0434.1992.tb01281.x
http://dx.doi.org/10.3767/003158516X688676
http://dx.doi.org/10.3852/16-130
http://dx.doi.org/10.1111/j.1439-0434.2006.01092.x
http://dx.doi.org/10.1111/j.1744-7348.1976.tb01724.x
http://dx.doi.org/10.4489/MYCO.2008.36.2.077
http://dx.doi.org/10.3897/mycokeys.72.55445
http://dx.doi.org/10.1038/nature05110
http://dx.doi.org/10.7717/peerj.16837
https://peerj.com/


Jewell LE, Hsiang T. 2013. Genetic and pathogenic differences between Microdochium nivale and
Microdochium majus. Ph.D. Thesis. The University of Guelph, Guelph, ON, Canada.

Kammoun LG, Gargouri S, Hajlaoui MR, Marrakchi M. 2009. Occurrence and distribution of
Microdochium and Fusarium species isolated from durum wheat in northern Tunisia and
detection of mycotoxins in naturally infested grain. Journal of Phytopathology 157(9):546–551
DOI 10.1111/j.1439-0434.2008.01522.x.

Kimura MA. 1980. Simple method for estimating evolutionary rates of base substitutions through
comparative studies of nucleotide sequences. Journal of Molecular Evolution 16:111–120
DOI 10.1007/BF0173158142.

Kirk JJ, Deacon JW. 1987. Control of the take-all fungus byMicrodochium bolleyi and interactions
involvingM. bolleyi, Phialophora graminicola and Periconia macrospinosa on cereal roots. Plant
and Soil 98(2):231–237 DOI 10.1007/BF02374826.

Kumar S, Stecher G, Tamura K. 2016. MEGA 7: molecular evolutionary genetics analysis version
7.0 for bigger datasets. Molecular Biology and Evolution 33(7):1870–1874
DOI 10.1093/molbev/msw054.

Lees A, Nicholson P, Rezanoor H, Parry D. 1995. Analysis of variation within Microdochium
nivale from wheat: evidence for a distinct sub-group. Mycological Research 99:103–109
DOI 10.1016/S0953-7562(09)80322-5.

Lenc L, Kwaśna H, Sadowski C, Grabowski A. 2014. Microbiota in wheat roots, rhizosphere and
soil in crops grown in organic and other production systems. Journal of Phytopathology
163(4):245–263 DOI 10.1111/jph.12313.

Li XP, Li JH, Qi YH. 2019. Identification of the pathogens causing Microdochium root rot on
naked barley. Acta Phytopathologica Sinica 49:705–710 DOI 10.11686/cyxb2020270.

Mandyam K, Loughin T, Jumpponen A. 2010. Isolation and morphological and metabolic
characterization of common endophytes in annually burned tallgrass prairie. Mycologia
102:813–821 DOI 10.3852/09-212.

Mao Y, Wu J, Song W, Zhao B, Zhao H, Cai Y, Wang JX, Zhou M, Duan Y. 2023. Occurrence
and chemical control strategy of wheat brown foot rot caused by Microdochium majus. Plant
Disease 107(11):3523–3530 DOI 10.1094/PDIS-02-23-0392-RE.

Marin-Felix Y, Groenewald JZ, Cai L, Chen Q, Marincowitz S, Barnes I, Bensch K, Braun U,
Camporesi E, Damm U, de Beer ZW, Dissanayake A, Edwards J, Giraldo A, Hernandez-
Restrepo M, Hyde KD, Jayawardena RS, Lombard L, Luangsa-Ard J, McTaggart AR,
Rossman AY, Sandoval-Denis M, Shen M, Shivas RG, Tan YP, van der Linde EJ,
Wingfield MJ, Wood AR, Zhang JQ, Zhang Y, Crous PW. 2017. Genera of phytopathogenic
fungi: GOPHY 1. Studies in Mycology 86(1):99–216 DOI 10.1016/j.simyco.2017.04.002.

Myllys L, Stenroos S, Thell A. 2002. New genes for phylogenetic studies of lichenized fungi:
glyceraldehyde-3-phosphate dehydrogenase and betatubulin genes. Lichenologist 34(3):237–246
DOI 10.1006/lich.2002.0390.

O’Brien HE, Parrent JL, Jackson JA, Moncalvo JM, Vilgalys R. 2005. Fungal community analysis
by large-scale sequencing of environmental samples. Applied and Environmental Microbiology
71(9):5544–5550 DOI 10.1128/AEM.71.9.5544-5550.2005.

O’Donnell K, Ward TJ, Robert VARG, Crous PW, Geiser DM, Kang S. 2015. DNA
sequence-based identification of Fusarium: current status and future directions. Phytoparasitica
43(5):583–595 DOI 10.1007/s12600-015-0484-z.

Pancaldi D, Tonti S, Prodi A, Salomoni D, Dal PraM, Nipoti P, Alberti I, Pisi A. 2010. Survey of
the main causal agents of Fusarium head blight of durum wheat around Bologna, northern Italy.
Phytopathologia Mediterranea 49:258–266 DOI 10.14601/Phytopathol_Mediterr-3442.

Ünal (2024), PeerJ, DOI 10.7717/peerj.16837 15/16

http://dx.doi.org/10.1111/j.1439-0434.2008.01522.x
http://dx.doi.org/10.1007/BF0173158142
http://dx.doi.org/10.1007/BF02374826
http://dx.doi.org/10.1093/molbev/msw054
http://dx.doi.org/10.1016/S0953-7562(09)80322-5
http://dx.doi.org/10.1111/jph.12313
http://dx.doi.org/10.11686/cyxb2020270
http://dx.doi.org/10.3852/09-212
http://dx.doi.org/10.1094/PDIS-02-23-0392-RE
http://dx.doi.org/10.1016/j.simyco.2017.04.002
http://dx.doi.org/10.1006/lich.2002.0390
http://dx.doi.org/10.1128/AEM.71.9.5544-5550.2005
http://dx.doi.org/10.1007/s12600-015-0484-z
http://dx.doi.org/10.14601/Phytopathol_Mediterr-3442
http://dx.doi.org/10.7717/peerj.16837
https://peerj.com/


Santiago IF, Alves TM, Rabello A, Junior PAS, Romanha AJ, Zani CL, Rosa CA, Rosa LH. 2012.
Leishmanicidal and antitumoral activities of endophytic fungi associated with the Antarctic
angiosperms Deschampsia antarctica Desv. and Colobanthus quitensis (Kunth) Bartl.
Extremophiles 16(1):95–103 DOI 10.1007/s00792-011-0409-9.

Saoudi G, El Ghadraoui L, El Ghachtouli N, Loukili M, Amiri S. 2019. Propagation of wheat
Fusarium wilt in Morocco. International Journal of Science and Research 8:221–232
DOI 10.21275/ART20195876.

Schoch CL, Sung GH, López-Giráldez F, Townsend JP, Miadlikowska J, Hofstetter V,
Robbertse B, Matheny PB, Kauff F, Wang Z, Gueidan C, Andrie RM, Trippe K, Ciufetti LM,
Wynns A, Fraker E, Hodkinson BP, Bonito G, Groenewald JZ, Arzanlou M, de Hoog GS,
Crous PW, Hewitt D, Pfister DH, Peterson K, Gryzenhout M, Wingfield MJ, Aptroot A,
Suh SO, Blackwell M, Hillis DM, Griffith GW, Castlebury LA, Rossman AY, Lumbsch HT,
Lücking R, Büdel B, Rauhut A, Diederich P, Ertz D, Geiser DM, Hosaka K, Inderbitzin P,
Kohlmeyer J, Volkmann-Kohlmeyer B, Mostert L, O’Donnell K, Sipman H, Rogers JD,
Shoemaker RA, Sugiyama J, Summerbell RC, Untereiner W, Johnston PR, Stenroos S,
Zuccaro A, Dyer PS, Crittenden PD, Cole MS, Hansen K, Trappe JM, Yahr R, Lutzoni F,
Spatafora JW. 2009. Phylogeny clarifies the origin and evolution of fundamental reproductive
and ecological traits. Systematic Biology 58:224–239 DOI 10.1093/sysbio/syp020.

Smiley RW. 2019. Mechanized method to inoculatedfield soil to evaluate Fusarium crown rot of
wheat. Plant Disease 103(12):2857–2864 DOI 10.1094/PDIS-04-16-0505-PDN.

Thompson JD, Higgins DG, Gibson TJ. 1994. CLUSTAL W: improving the sensitivity of
progressive multiple sequence alignment through sequence weighting, position-specific gap
penalties and weight matrix choice. Nucleic Acids Research 22(22):4673–4680
DOI 10.1093/nar/22.22.4673.

Townsend GK, Heuberger TW. 1943. Methods for estimating losses caused by diseases in
fungicide experiments. Plant Disease 27:340–343.

Tronsmo AM, Hsiang T, Okuyama H, Nakajima TA. 2001. Low temperature diseases caused by
Microdochium nivale. In: Iriki N, Gaudet DA, Tronsmo AM, Matsumoto N, Yoshidaand M,
Nishimune A, eds. Low Temperature Plant Microbe Interactions under Snow. Hokkaido, Japan:
Hokkaido National Agricultural Experiment Station, 75–86.

Tunali B, Nicol JM, Hodson D, Uçkun Z, Büyük O, Erdurmuş D, Bağci SA. 2008. Root and
crown rot fungi associated with spring, facultative, and winter wheat in Turkey. Plant Disease
92:1299–1306 DOI 10.1094/PDIS-92-9-1299.

Von Arx JA. 1987. Plant pathogenic fungi. Mycologia 79(9):919–920
DOI 10.1094/PDIS-92-9-1299.

Waalwijk C, Kastelein P, Vries ID, Kerényi Z, Van der Lee T, Hesselink T, Köhl J, Kema G.
2003. Major changes in Fusarium spp. in wheat in the Netherlands. European Journal of Plant
Pathology 109:743–754 DOI 10.1023/A:1026086510156.

White TJ, Bruns T, Lee S, Taylor J. 1990. Amplification and direct sequencing of fungal ribosomal
rna genes for phylogenetics. In: PCR Protocols. Elsevier: Amsterdam, The Netherlands, 315–322.

Zhang W, Nan Z, Tian P, Hu M, Gao Z, Li M, Liu G. 2015. Microdochium paspali, a new species
causing seashore paspalum disease in southern China. Mycologia 107(1):80–89
DOI 10.3852/14-119.

Ünal (2024), PeerJ, DOI 10.7717/peerj.16837 16/16

http://dx.doi.org/10.1007/s00792-011-0409-9
http://dx.doi.org/10.21275/ART20195876
http://dx.doi.org/10.1093/sysbio/syp020
http://dx.doi.org/10.1094/PDIS-04-16-0505-PDN
http://dx.doi.org/10.1093/nar/22.22.4673
http://dx.doi.org/10.1094/PDIS-92-9-1299
http://dx.doi.org/10.1094/PDIS-92-9-1299
http://dx.doi.org/10.1023/A:1026086510156
http://dx.doi.org/10.3852/14-119
http://dx.doi.org/10.7717/peerj.16837
https://peerj.com/

	Phylogenetic analysis of Microdochium spp. associated with turfgrass and their pathogenicity in cereals
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


