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Abstract
Johnson grass, a common weed in agricultural fields, is widely distributed in warm regions of the world. In Mexico, this grass
grows mainly during the rainy season, along railways and roadsides, and in abandoned fields and urban communities.
Significantly, it competes with a wide range of crops during the fall-winter season. Recently, a high incidence of severe leaf
spot was observed on Johnson grass in northern Sinaloa, Mexico. The aims of this study were to identify the causal agent of this
leaf spot based onmorphology andmolecular techniques and to determine the pathogenicity of the fungal isolates associated with
the disease. The combination of morphological and phylogenetic analyses of the ITS and GAPDH allowed the identification of
ten fungal isolates from Johnson grass as Curvularia muehlenbeckiae. Inoculation tests under greenhouse conditions demon-
strated the pathogenicity of C. muehlenbeckiae on Johnson grass. Leaf spots displayed on the inoculated plants were similar to
those observed under field conditions and in two independent inoculation tests. This is the first report implicating
C. muehlenbeckiae as a causal agent of leaf spot on Johnson grass in México.
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Introduction

Johnson grass (Sorghum halepense L.) is native to India and is
widely distributed in warm regions of the world (DeWet 1978).
Competition of Sorghum halepense reduces yield up to 59 to
88% in soybean (Glycine max L.) (Williams and Hayes 1984),
80–100% in maize (Zea mays L.) (Mitskas et al. 2003; Barroso
et al. 2016), 69% in sugarcane (Saccharum officinarum)
(Dalley and Richard 2008), and 70% in cotton (Gossypium

hirsutum L.) (Bridges and Chandler 1987). This weed is widely
distributed in Mexico and competes with agricultural crops and
grows along railways and roadsides, and in abandoned fields
and urban communities (Ceseski et al. 2017). In Sinaloa,
Mexico, this plant grows mainly during the rainy season
(August and September).

Several foliar pathogens have been reported around the
world on Johnson grass, including leaf blight (Exserohilum
turcicum) (Del Serrone and Fornasari 1992). Bipolaris
cynodontis (Marig.), Curvularia lunata (Wakk.) Boedijn,
C. geniculata (Tracy and Earle) Boedijn, and Exserohilum
rostratum (Drechs.) Leonard & Suggs have also been isolated
from the same plant species (Pratt 2007).

In recent years, severe leaf spot has been observed on
Johnson grass during the summer months in northern
Sinaloa, Mexico. Leaf spot disease on Johnson grass has
reached an incidence of up to 100%, with the foliar diseased
area affected reaching from 30 to 70%. Preliminary observa-
tions indicate that the disease is highly destructive in rainy
periods that accumulate from 0.5 to 1.5 in., with temperatures
ranging between 27 and 38 °C.

The disease symptoms on the leaves begin as reddish-brown
lesions that are 0.3 mm in diameter and expand to 15 mm in
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diameter. Symptoms on the leaves appear as dark brown oblong
spots that subsequently coalesce to form irregular lesions on the
leaf sheath, blade, and nodes of the cane. The lesions enlarge
mainly in the lower portion of plants, occasionally presenting a
light brown center. Similar symptoms on Johnson grass were
previously reported in the USA (Pratt 2007), where the causal
agents were identified as Curvularia lunata and C. geniculata.
C. lunata and C. dactyloctenicola have been implicated as caus-
al agents of leaf spot on sorghum in countries such as Pakistan,
the USA, China, and Indonesia (Akram et al. 2014; Hidayat and
Ramadhani 2019).

Since the etiology of leaf spot on Johnson grass remains
unknown in Sinaloa, Mexico, the objectives of the present
study were to (a) identify the fungus associated with leaf spot
and (b) determine its pathogenicity on the same plant species.

Materials and methods

Sample collection and isolation of fungi associated
with leaf spot on Johnson grass

Ten symptomatic plant samples were collected from ten sam-
pling sites 2 km apart from each other, in the municipalities of
Ahome and Guasave, Sinaloa, from October 28 through
November 10, 2018 (Table 1). To determine the incidence
and severity of leaf spot on Johnson grass, 10 leaves were
randomly collected from the lower part of the canopy of 10
plants in each sampling site. The samples were placed in plas-
tic bags and brought to the laboratory in an ice chest at 7–10
°C. The foliage area diseased (FAD) (in cm2) was measured
following previously described procedures (Zadoks and
Schein 1979). The percentage of FAD was determined taking
into consideration the total area of 10 leaves.

To isolate the fungi associated with leaf spot, lesions on the
leaves were first swabbed with 70% ethanol, and then frag-
ments of symptomatic tissue (5.0 mm) were disinfected in a
0.5% sodium hypochlorite solution for 2 min, washed three
times in sterile distilled water, and dried on sterile Whatman
No. 1 filter paper. Then, the fragments were plated on potato
dextrose agar (PDA; Bioxon, Cuautitlan Izcalli, Estado de
Mexico, Mexico) and incubated for 4 days at 25 ± 2 °C.

Ten isolates were transferred to water agar with sterilized
Johnson grass leaves on top (WAJGL) and incubated for 10
days at 24 ± 1 °C. To obtain monosporic cultures, serial dilu-
tions were prepared from pure cultures onWAJGL and spread
in 1.6% water agar (WA). Individual spores were collected
under a SPTI-ITH stereomicroscope (Fisher Scientific;
Waltham, MA, USA) and transferred on PDA at the same
temperature. Finally, the isolates were transferred to PDA
slants; once the isolates colonized the medium, they were
covered with sterile mineral oil and maintained at 15 ± 1 °C
for subsequent study.

Molecular identification

DNA extraction and PCR amplification Genomic DNA was
extracted from 10 monosporic cultures, according to the pro-
tocols of Manamgoda et al. (2012) and Tan et al. (2014). The
internal transcribed spacer (ITS) region and partial sequence
of the glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
gene were amplified using the ITS1/ITS4 (White et al. 1990)
and gpd1/gpd2 (Berbee et al. 1999) primer sets, respectively.
Each PCR mixture contained 1.0 μL of each primer, 1.25 μL
of 10 mM dNTP, 2.5 μL of reaction buffer without MgCl2,
0.25 μL of AmpliTaq-DNA polymerase, 0.75 μL of 10 mM
MgCl2, 17.25 μL of ultra-pure water, and 10 ng of template
DNA in a final reaction volume of 25 μL. Amplification

Table 1 Localities and geographical coordinates of Johnson grass leaf sampling sites with leaf spot symptoms, in the municipalities of Ahome and
Guasave, Sinaloa, from October 01 through November 10, 2018

Isolate Location/municipality Collection date Coordinates GenBank accession number

N W ITS GAPDH

Cm7 Santa Rosa, Ahome 10/28/2018 25° 50′ 55″ 108° 52′ 58″ MZ674442 MW239670

Cm10 Cerrillos, Ahome 10/28/2018 25° 53′ 18″ 108° 54′ 17″ MZ674443 MW239671

Cm13 San Fernando, Guasave 11/06/2018 25° 32′ 56″ 108° 34′ 23″ MZ674444 MW239672

Cm14 Campo Diaz, Guasave 11/06/2018 25° 30′ 52″ 108° 30′ 35″ MZ674445 MW239673

Cm15 Bacahui, Guasave 11/06/2018 25° 35′ 05″ 108° 38′ 24″ MZ674446 MW239674

Cm16 Bacahui II, Guasave 11/06/2018 25° 35′ 41″ 108° 39′ 33″ MZ674447 MW239675

Cm17 Baturi, Guasave 11/06/2018 25° 39′ 29″ 108° 46′ 39″ MZ674448 MW239676

Cm18 Corerepe, Guasave 11/06/2018 25° 38′ 20″ 108° 44′ 31″ MZ674449 MW239677

Cm19 Bachoco, Guasave 11/10/2018 25° 41′ 43″ 108° 47′ 59″ MZ674450 MW239678

Cm20 Valle Verde, Guasave 11/10/2018 25° 36′ 17″ 108° 31′ 14″ MZ674451 MW239679
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reactions were performed in a Verti 96-well Thermal Cycler
(Thermo Fisher Scientific, Waltham, MA, USA) and a Labnet
MultiGene 96-well Gradient Thermal Cycler (Labnet, Edison,
NJ, USA) with the following program: initial denaturation at
95 °C for 2 min, followed by 35 cycles of denaturation at 95
°C for 1 min, annealing at 52 °C (GAPHD) and 55 °C (ITS)
for 1 min, 45-s extension at 72 °C, and a final extension at 72
°C for 10 min. PCR products were purified using the
QIAquick PCR purification Kit® (QIAGEN, Cat. No.
28106) according to the manufacturer’s instructions, and
quantified using a NanoDrop 2000c spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA).

Sequencing and phylogenetic analysis PCR products were
sequenced unidirectionally with an ABI 3730xl sequencer
(Applied Biosystems, Foster City, CA, USA) at the National
Laboratory of Genomics for Biodiversity (Langebio) in
Irapuato, Mexico. Sequences were edited in BioEdit version
7.0.5.3. (Hall 1999) and compared with sequences in the
NCBI (National Center for Biotechnology Information) data-
base using the BLAST-N software and the Megablast algo-
rithm. All sequences were deposited in GenBank (Table 1).
Sequences were aligned with 89 reference sequences of ex-
epitype (ET), ex-isotype (IsoT), ex-isolectotype (IsoLT), ex-
paratype (PT), ex-syntype (SynT), and ex-type (T) strains of
Curvularia species and a sequence of Bipolaris maydis as an
outgroup (Marin-Felix et al. 2020; Ferdinandez et al. 2021),
with MUSCLE algorithm in MEGA X (Edgar 2004; Kumar
et al. 2018), using the default parameters for gap opening (−
400.00), gap extension (0.00), and UPGMA as cluster method.
Multiple alignments of the ITS andGAPDHwere concatenated
and subjected to a partition analysis in PartitionFinder v 1.1.1
(Lanfear et al. 2012), using the branch lengths unlinked, greedy
algorithm, and the Akaike Information Criterion (AIC). The
phylogenetic analysis was performed in RAxML v 7.2.8
(Stamatakis 2006), using the GTRGAMMAI model for each
partition identified by Partition Finder and 1000 rapid boot-
straps. Finally, the inferred phylogram was visualized and
edited in iTOL (Letunic and Bork 2016; https://itol.embl.de/)
and Adobe Acrobat Pro (Adobe Inc.).

Morphological characterization of fungi associated
with leaf spot on Johnson grass

Mycelial growth of ten fungal isolates was evaluated on PDA
(four Petri plates for each isolate) and the average growth rate
was obtained. Petri dishes were inoculated by placing a 5-mm-
diameter mycelial plug taken from the margins of actively
growing 5-day-old PDA cultures. Inoculated Petri dishes were
incubated on a 10-h light/14-h dark photoperiod at 25 ± 2 °C.
The frontal and reverse pigmentation of the colonies of each
isolate was determined in 10-day-old cultures according to
color standards and nomenclature (Ridgway 1912).

The conidia morphology of ten isolates was also deter-
mined on PDA. Plugs (5 mm in diameter) from monoconidial
cultures were cut from the margins of 4-day-old colonies on
PDA, transferred to the samemedia, and incubated for 10 days
at 24 °C under a 10-h light/14-h dark regime. Fungal tissue
was mounted in cotton blue dye in lactophenol (Parija and
Prabhakar 1995), and the shape, number of septa, and length
and width of 40 conidia from each isolate were measured at
×400 magnification with the aid of an ocular and stage mi-
crometer, using a compound microscope (Labomed, Inc., Los
Angeles, CA, USA).

Pathogenicity testing

Plant material Johnson grass seeds were collected in the ex-
perimental station of the National Institute of Forest,
Agricultural and Livestock Research (abbreviated in Spanish
as INIFAP), located in Juan José Ríos, Sinaloa, Mexico, in
August 2019. The seeds were surface sterilized in 0.5%
NaClO for 5 min and rinsed three times in sterile distilled
water; subsequently, two seeds were sown per pot in the
greenhouse in 28-cm-diameter plastic pots containing a sterile
mixture of clay:loam:sand (28.1:27:44.9) at pH 7.0. Once the
seeds germinated, plants were fertilized once per week with
Miracle-Gro fertilizer (The Scotts Company LLC; Marysville,
OH, USA) following the manufacturer’s recommendations,
and water was supplied as needed.

Inoculum preparation and inoculation For inoculum prepara-
tion, ten monoconidial fungal isolates were grown onWAJGL
and incubated on a 10-h light/14-h dark photoperiod at 24 °C.
After 12 days, conidia were collected by flooding the plates
with sterile distilled water (containing 0.01% Tween-20) and
scraping the agar surface with a sterile Drigalski spatula. The
conidial suspension was filtered through three layers of cheese
cloth to remove mycelia, and spores were counted using a
hematocytometer and a compound light microscope. The sus-
pension density was adjusted to 4 × 104 conidia/mL (Estrada
and Sandoval 2004; Rodriguez et al. 2010).

Each conidial suspension was sprayed onto four healthy 67-
day-old Johnson grass plants (at the flowering stage). Control
plants were sprayed with sterile distilled water. After inocula-
tion, plants were placed in clear polyethylene bags for 48 h to
ensure 85% relative humidity (RH). Inoculated and control
plants were arranged in a completely randomized design with
four replications (4 plastic pots, each with two plants).
Afterwards, plants were subjected to 85% RH for 12 h each
day for six consecutive days. The severity of the disease caused
by the isolates in Johnson grass was determined 15 days after
inoculation. The FAD (in cm2) was measured in ten leaves of
each inoculated plant, following the previously described pro-
cedure reported by Zadoks and Schein (1979). The experiment
was conducted twice in a greenhouse, in which the temperature
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ranged from 25 to 31 °C in experiment 1, and 25 to 33 °C in
experiment 2. To fulfill Koch’s postulates, the fungus was iso-
lated from the inoculated plants at the end of the experimental
period, and its identity was confirmed by taking into account the
colony morphology and conidial measurements of twenty co-
nidia from each isolate.

Statistical analysis of data

In order to standardize the data, percentages of FAD were
transformed into arcsine values as previously described
(Gómez and Gómez 1984). The transformed data were ana-
lyzed using ANOVA, and the mean separation was achieved
following Tukey’s test (P = 0.05) (Little and Hills 1973). The
analysis was performed with SAS (version 9.1, SAS Institute
Inc., Cary, NC, USA). Since the analysis of variance reflected
that the results were qualitatively different across experiments
(i.e., there was a specimen × experiment interaction), the re-
sults for both experiments were included.

Results

Molecular identification

Comparison of the ITS sequences in the GenBank database
showed a 100% query coverage and 100% identity with several
strains of C. lunata (MK690419, MT163356, MN960349),
C. platzii isolate L-558/2013 (MN540257) and strain
BRIP27703b (MH414906), C. hominis strain B-36
(MH656705), C. muehlenbeckiae strain CY4-2 (MW221359),
and C. plantarum isolate USJCC-0020 (MT410572); GAPDH
sequences showed 99–100% query coverage and 99.79–100%
identity with C. muehlenbeckiae strain CBS 144.63
(LT715806), UTHSC 08-2905 (LT715807), and SCUA-Saf-
Vig-6La (MG975602). In addition, it showed high coverage
(99–100%) and identity (98.50–99.15%) percentage with other
Curvularia species such as C. plantarum USJCC-0020
(MT628902), C. pisi strain CBS 190.48 (KY905690), and
C. hominis strain UTHSC 09-464 (LT715808).

Fig. 1 Maximum likelihood phylogram obtained from the combined ITS
and GAPDH sequences of Curvularia species. The tree was rooted to
Bipolaris maydis. Isolates from the present study are shown in bold and

red color. Bootstrap values above 50% are shown at the nodes. ET, IsoT,
IsoLT, PT, SynT, and T indicate ex-epitype, ex-isotype, ex-isolectotype, ex-
paratype, ex-syntype, and ex-type strains, respectively
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The combined dataset of the ITS andGAPDHwas 1174 bp
in length. PartitionFinder suggested a single partition of the
data. The inferred phylogram (Fig. 1) shows that all isolates
group within the C. muehlenbeckiae/platzi/pisi clade, support-
ed by a high bootstrap value (93%).

Morphological characterization

Ten isolates (Cm7,Cm10,Cm13,Cm14,Cm15,Cm16,Cm17,
Cm18, Cm19, and Cm20) showed cottony colonies with reg-
ular margins, and raised centers ranging from pale gray to
ivory cream in color (Fig. 2a); the reverse of the colony was
dark in color (Fig. 2b). The conidiophores of isolates Cm7,
Cm10, Cm13, Cm14, Cm15, Cm16, Cm17, Cm18, Cm19, and
Cm20 were septate, semi- to macronematous, simple to
branched, straight or flexuous, geniculate towards the apex;

cell walls were thicker than in vegetative hyphae, subhyaline
to dark brown (Fig. 2c); the conidia were straight to more or
less curved, ovoid, septate, pigmented with second cell swell-
ing, (12.5) 17.5–20.0 (23.5) × (5.0) 8.7–10.0 (12.2) μm; the
two middle cells were darker than the end cells with three
transverse septa (Table 2; Fig. 2d). Mature conidia germinated
apically (Fig. 2e).

Pathogenicity test

Seven of the tested isolates (Cm7, Cm10, Cm13, Cm16,
Cm18, Cm19, and Cm20) were pathogenic on Johnson grass.
Initial symptoms occurred 4 days after inoculation and
consisted of minute reddish dark lesions. At day 8 after inoc-
ulation, lesions were enlarged in size and occurred along the
main vein of leaves, reaching the leaf sheath to form irregular

Fig. 1 (continued)
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to oblong reddish-brown lesions (Fig. 3a) similar to those
observed in natural infections under field conditions (Fig.
3b). There was no defoliation of the inoculated plants, as oc-
curs under field conditions.

In experiment 1, the FAD caused by isolates Cm7, Cm10,
Cm13, Cm16, and Cm19 varied from 32.3 to 47.1%.
Furthermore, these isolates were significantly more virulent
(F = 121.9; P < 0.0001) than isolates Cm18 and Cm20, which
caused 32.3 and 37.7% of FAD, respectively. In experiment 2,
isolates Cm10, Cm13, Cm18, and Cm20 were the most viru-
lent, causing 52.3, 53.5, 62.6, and 57% of FAD, respectively.
The FAD caused by these isolates was significantly different
(F = 126.2; P < 0.0001) from the FAD caused by isolates
Cm7, Cm16, and Cm19, which varied from 45.7 to 49.2%
(Table 3). To fulfill Koch’s postulates, the pathogen was

reisolated from symptomatic leaves and its identity was con-
firmed by comparing the colony characteristics and conidial
measurements of 20 conidia with those used in the inoculation
tests.

Discussion

Under field conditions, the incidence of leaf spot on Johnson
grass reached up to 100% and the FAD in the lower third of
plants varied from 30 to 70%. Symptoms observed on this
weed were similar to those caused by several species of
Curvularia in other members of the family Poaceae in other
parts of the world, such as sorghum (S. bicolor) (Akram et al.
2014), rice (Oryza sativa) (Estrada and Sandoval 2004;

Fig. 2 Morphological
characteristics of Curvularia
muehlenbeckiae (isolate Cm7).
a Colony appearance on PDA
at 24 °C after 10 days;
b pigmentation on a reverse plate;
c conidia formation on
conidiophores; d straight, to more
or less curved, septate, middle
cells darker than the end cells,
pigmented conidia with second
cell swelling; e germinated
conidium. Scale bar = 20 μm
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Azizah-Kusai et al. 2016), corn (Zea mays) (Garcia-Aroca
et al. 2018), and king grass (Pennisetum hydridum) (Xu
et al. 2018). The incidence of the leaf spot on Johnson grass
in Sinaloa occurred when the accumulated rain during sum-
mer and mid-fall was 687.6 mm and temperature ranged
from 25 to 38 °C (CONAGUA 2020). These weather con-
ditions agree with previous reports of C. lunata causing
leaf spot on corn in the USA (Munkvold and White
2016) and Curvularia sp. on the same crop in Brazil
(Ribeiro-Chagas et al. 2020), as well as Curvularia malina
on turf grasses in the southeastern USA (Tomaso-Peterson
et al. 2016).

Species delimitation in this genus is complex because of the
presence of cryptic species; however, recent multigene phylog-
enies have shown that the sequences of the ITS region and
GAPDH gene can resolve the majority of species within the
genus (Manamgoda et al. 2015; Marin-Felix et al. 2020). The
obtained phylogram confirmed that Curvularia isolates from
Johnson grass are closely related to C. muehlenbeckiae,
C. platzi, and C. pisi, but species delimitation was not clear
enough. Thus, morphological characteristics were essential for
discrimination between species. The phenotypic characteristics
of the colonies and morphology of the conidia of isolates Cm7,
Cm10, Cm13, Cm14, Cm15, Cm16, Cm17, Cm18, Cm19, and

Table 2 Morphometric
characteristics of conidia of
Curvularia muehlenbeckiae
associated with leaf spot on
Johnson grass, developed in PDA
culture medium

Isolate Length (μm) Width (μm) Ratio (L/W) (μm) Transverse septa

Cm7 17.5–22.5a 7.5–11.2

20.1b 9.8 2.0 3

1.4c 0.7

Cm10 17.5–22.5 8.0–10.2

19.3 9.8 2.0 3

1.3 0.4

Cm13 17.0–22.5 7.5–11.2

19.7 9.8 2.0 3

1.5 0.6

Cm14 17.5–22.5 7.5–10.0

19.8 9.5 2.0 3

1.4 0.7

Cm15 17.0–22.5 7.5–10.7

18.8 9.3 2.0 3

1.4 0.8

Cm16 12.5–17.5 5.0–7.5

14.5 5.4 2.7 3

1.4 0.8

Cm17 16.2–22.5 7.5–10.7

19.6 9.8 2.0 3

1.7 0.5

Cm18 17.5–22.5 7.5–10.0

19.7 9.4 2.1 3

1.3 0.9

Cm19 17.5–22.5 7.5–10.5

19.6 9.6 2.0 3

1.2 0.8

Cm20 17.5–23.7 7.5–12.2

20.0 9.6 2.1 3

1.5 0.9

Minimum-maximum of 10 isolates 12.5–23.7 5.0–12.2 2.0 3
Mean of 10 isolates 19.1 9.2

Standard deviation 2.1 1.4

For each isolate, the first line represents the minimum and maximum lengths (a) of the asexual structures; the
second line indicates the means (b) for 40 structures of each isolate; and the third line refers to the standard
deviation (c) of the data
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Cm20were similar to those ofC. muehlenbeckiae (Madrid et al.
2014; Nam et al. 2020). This fungal species is clearly distinct
from other phylogenetically close species like C. platzii and
C. pisi. Conidia of C. platzii are fusiform to narrowly clavate,
whereas those of C. muehlenbeckiae are asymmetrical to more
or less curved at the third cell from base (Madrid et al. 2014),
like those observed in all Johnson grass isolates (Fig. 2d).

Conidia of C. pisi are similar in shape, but are larger
( 16–35 × 9–15 . 5 μm) than those produced by
C. muehlenbeckiae (17–26 × 8.5–12 μm) (Marin-Felix et al.
2017). Conidia measurements of our isolates correspond to
those ofC.muehlenbeckiae. By combining the morphological
and molecular data, we were able to identify all isolates as
C. muehlenbeckiae. The seven tested isolates were pathogenic
to Johnson grass, with variation in virulence among the
isolates.

Despite the fact that C. muehlenbeckiae was originally
reported as pathogenic in human beings, it has been im-
plicated in leaf spot on Muehlenbeckia sp. in India
(Madrid et al. 2014). Furthermore, it was reported to
cause leaf spot on Sorghum sp. and S. bicolor in the
USA and Japan (Manamgoda et al. 2015), while the pres-
ent study is the first report of this species causing leaf
spot on Johnson grass in Mexico. Other species of
Curvularia such as C. dactyloctenicola have been report-
ed on Egyptian grass (Dactyloctenium aegyptium (L.)
Willd.) in Thailand (Marin-Felix et al. 2017) and on
S. bicolor in Indonesia (Hidayat and Ramadhani 2019),
as well as on rice (Oryza sativa) (Estrada and Sandoval
2004; Azizah-Kusai et al. 2016), corn (Zea mays) (Garcia-
Aroca et al. 2018), and king grass (Pennisetum hydridum)
(Xu et al. 2018) in other parts of the world, although these
species were not found during our sampling of Johnson
grass in Mexico.

Fig. 3 Symptoms of leaf spot on Johnson grass. a Symptoms observed on a leaf caused by Curvularia muehlenbeckiae (isolate Cm7) in artificial
inoculations in the greenhouse. b Symptoms produced from natural infections under field conditions

Table 3 Pathogenicity ofCurvularia muehlenbeckiae on Johnson grass

Isolates Disease severity (%)z

Experiment 1 Experiment 2

Cm7 39.4abc* 45.7c*

Cm10 38.8abc 52.3abc

Cm13 44.1ab 53.5abc

Cm16 47.1a 48.6bc

Cm18 32.3c 62.6a

Cm19 43.1ab 49.2bc

Cm20 37.7bc 57.0ab

Non-inoculated control 0.0d 0.0d

CV (%) 23.5 23.1

z Disease severity was determined in Johnson grass 15 days after
inoculation

*Data within columns followed by common letter indicate no significant
difference (P = 0.05) using Tukey’s test
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This is the first report of C. muehlenbeckiae causing leaf
spot in a member of the family Poaceae inMexico. Studies on
the identity of Curvularia species on members of the Poaceae
family are in an early stage in Mexico. For example,C. lunata
has been implicated in grain mold of sorghum (Montes-García
et al. 2010) and leaf spot on corn (Ríos-Herrera et al. 2017).
Therefore, future research should focus on determining
whether Johnson grass is a potential source of inoculum for
C. muehlenbeckiae infecting field crops such as corn and sor-
ghum in Mexico.

Acknowledgements DDOP acknowledges the Consejo Nacional de
Ciencia y Tecnología (CONACyT, México) for MSc fellowship. We
thank Dr Brandon Loveall of Improvence for proofreading of the
manuscript.

Author contribution R. Félix-Gastélum contributed to the conception
and design of the study.Material preparation, sample collection, isolation,
and morphology were performed by R. Félix-Gastélum and D. D. Olivas-
Peraza. DNA sequencing, phylogenetic analysis, and sequence submis-
sion to GenBank were performed by D. D. Olivas-Peraza, K. Y. Leyva-
Madrigal, and I. E. Maldonado-Mendoza. All the authors commented on
the initial versions of the manuscript, and all the authors read and ap-
proved the final manuscript.

Funding Funding for sampling and isolation of the fungal isolates and the
subsequent morphological studies was provided by the Graduate and
Research Division of the Universidad Autónoma de Occidente, while
the funds for molecular identification were provided by Instituto
Politécnico Nacional Grant No. SIP 20196353.

Data availability All relevant molecular data has been deposited in
GenBank (this has been already indicated in the main text).

Declarations

Conflict of interest The authors declare no competing interests.

References

Akram W, Anjum T, Ahmady A, Moeen R (2014) First report of
Curvularia lunata causing leaf spots on Sorghum bicolor from
Pakistan. Plant Dis 98:1007–1007. https://doi.org/10.1094/PDIS-
12-13-1291-PDN

Azizah-Kusai N, Zakuan AzmiMM, Zulkifly S, Termizi YusofM,Mohd
Zainudin NAI (2016)Morphological and molecular characterization
ofCurvularia and related species associated with leaf spot disease of
rice in Peninsular Malaysia. Rendiconti Lincei 27:205–214. https://
doi.org/10.1007/s12210-015-0458-6

Barroso J, Maxwell BD, Dorado J, Andujar D, San Martın C, Fernandez-
Quintanilla C (2016) Response of Sorghum halepense demographic
processes to plant density and rimsulfuron dose in maize. Weed Res.
https://doi.org/10.1111/wre.12208

Berbee ML, Pirseyedi M, Hubbard S (1999) Cochliobolus phylogenetics
and the origin of known, highly virulent pathogens, inferred from
ITS and glyceraldehyde-3-phosphate dehydrogenase gene se-
quences. Mycologia 91:964–977. https://doi.org/10.2307/3761627

Bridges DC, Chandler JM (1987) Influence of Johnsongrass (Sorghum
halepense) density and period of competition on cotton yield. Weed
Sci 35:63–67

Ceseski A, Al-Khatib K, Dahlberg JA (2017) Biology and management
of Johnson grass (Sorghum halepense). University of California.
Agric Nat Resour 8569:1–11. https://doi.org/10.3733/ucanr.8569

CONAGUA (2020) Resúmenes mensuales de temperaturas y lluvia.
https://smn.conagua.gob.mx/es/climatologia/temperaturas-y-
lluvias/resumenes-mensuales-de-temperaturas-y-lluvias. Accessed
25 February 2020

Dalley CD, Richard EP (2008) Control of rhizome Johnsongrass
(Sorghum halepense) in sugarcanewith trifloxysulfuron and asulam.
Weed Technol 22:397–401

De Wet JMJ (1978) Systematics and evolution of Sorghum Sect.
Sorghum (Gramineae). Am J Bot 65:477–484. https://doi.org/10.
2307/2442706

Del Serrone P, Fornasari L (1992) Host range and evaluation of an isolate
of Exserohilum turcicum on some populations of Johnsongrass
(Sorghum halepense). In E.S. Delfousse & R.R. Scott,
Proceedings of the eighth International Symposium on Biological
Control of Weeds. (pp. 487-92). DSIR/CSIRO, Melbourne

Edgar RC (2004) MUSCLE: multiple sequence alignment with high ac-
curacy and high throughput. Nucleic Acids Res 32:1792–1797.
https://doi.org/10.1093/nar/gkh340

Estrada G, Sandoval I (2004) Patogenicidad de especies deCurvularia en
Arroz. Fitosanidad 8:23–26 https://www.redalyc.org/pdf/2091/
209117865004.pdf

Ferdinandez HS, Manamgoda DS, Udayanga D et al (2021) Molecular
phylogeny and morphology reveal three novel species of Curvularia
(Pleosporales, Pleosporaceae) associated with cereal crops and
weedy grass hosts. Mycol Prog 20:431–451. https://doi.org/10.
1007/s11557-021-01681-0

Garcia-Aroca T, Doyle V, Singh R, Price T, Collins K (2018) First report
of Curvularia leaf spot of corn, caused by Curvularia lunata, in the
United States. Plant Health Prog 19:140–142. https://doi.org/10.
1094/PHP-02-18-0008-BR

Gómez KA, Gómez AA (1984) Statistical procedures for agricultural
research. John Wiley and Sons Inc., New York 680 p

Hall TA (1999) BioEdit: a user-friendly biological sequence alignment
editor and analysis program for Windows 95/98/NT. Nucl Acids
Symp Ser 41:95–98. https://doi.org/10.14601/Phytopathol_
Mediterr-14998u1.29

Hidayat I, Ramadhani I (2019) Phylogenetic study of Curvularia on
Sorghum from Indonesia based on ITS rDNA sequence. Journal
Mikologi Indonesia 3:118–124. https://doi.org/10.46638/jmi.v3i2.
64

Kumar S, Stecher G, Li M, Knyaz C, Tamura K (2018) MEGA X:
Molecular Evolutionary Genetics Analysis across computing plat-
forms. Mol Biol Evol 35:1547–1549. https://doi.org/10.1093/
molbev/msy096

Lanfear R, Calcott B, Ho SYW, Guindon S (2012) PartitionFinder: com-
bined selection of partitioning schemes and substitution models for
phylogenetic analyses. Mol Biol Evol 29:1695–1701. https://doi.
org/10.1093/molbev/mss020

Letunic I, Bork P. (2016). Interactive tree of life (iTOL) v3: an online tool
for the display and annotation of phylogenetic and other trees.
Nucleic Acids Res 8;44(W1):W242-5. https://doi.org/10.1093/nar/
gkw290

Little TM, Hills FJ (1973) Agricultural experimentation and analysis.
John Wiley and Sons Inc., New York 350 p

Madrid H, Cunha KC, Gené J, Dijksterhuis J, Cano J, Sutton DA, Guarro
J, Crous PW (2014) Novel Curvularia species from clinical speci-
mens . Persoonia 33:48–60. h t tps : / /do i .o rg /10 .3767/
003158514X683538

Manamgoda DS, Cai L, McKenzie EHC, Crous PW, Madrid H,
Chukeatirote E, Shivas RG, Tan YP, Hyde KD (2012) A

Mycological Progress           (2022) 21:50 Page 9 of 10    50 

https://doi.org/10.1094/PDIS-12-13-1291-PDN
https://doi.org/10.1094/PDIS-12-13-1291-PDN
https://doi.org/10.1007/s12210-015-0458-6
https://doi.org/10.1007/s12210-015-0458-6
https://doi.org/10.1111/wre.12208
https://doi.org/10.2307/3761627
https://doi.org/10.3733/ucanr.8569
https://smn.conagua.gob.mx/es/climatologia/temperaturas-y-lluvias/resumenes-mensuales-de-temperaturas-y-lluvias
https://smn.conagua.gob.mx/es/climatologia/temperaturas-y-lluvias/resumenes-mensuales-de-temperaturas-y-lluvias
https://doi.org/10.2307/2442706
https://doi.org/10.2307/2442706
https://doi.org/10.1093/nar/gkh340
https://www.redalyc.org/pdf/2091/209117865004.pdf
https://www.redalyc.org/pdf/2091/209117865004.pdf
https://doi.org/10.1007/s11557-021-01681-0
https://doi.org/10.1007/s11557-021-01681-0
https://doi.org/10.1094/PHP-02-18-0008-BR
https://doi.org/10.1094/PHP-02-18-0008-BR
https://doi.org/10.14601/Phytopathol_Mediterr-14998u1.29
https://doi.org/10.14601/Phytopathol_Mediterr-14998u1.29
https://doi.org/10.46638/jmi.v3i2.64
https://doi.org/10.46638/jmi.v3i2.64
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1093/molbev/mss020
https://doi.org/10.1093/molbev/mss020
https://doi.org/10.1093/nar/gkw290
https://doi.org/10.1093/nar/gkw290
https://doi.org/10.3767/003158514X683538
https://doi.org/10.3767/003158514X683538


phylogenetic and taxonomic re-evaluation of the Bipolaris-
Cochliobolus- Curvularia complex. Fungal Divers 56:131–144.
https://doi.org/10.1007/s13225-012-0189-2

Manamgoda DS, Rossman AY, Castlebury LA, Chukeatirote E, Hyde
KD (2015) A taxonomic and phylogenetic re-appraisal of the genus
Curvularia (Pleosporaceae): human and plant pathogens. Phytotaxa
212:175–198. https://doi.org/10.11646/phytotaxa.212.3.1

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, Hernández RM, Hyde KD,
Jayawardena RS, Lombard L, Luangsa-ard J et al (2017) Genera of
phytopathogenic fungi: GOPHY 1. Stud Mycol 86:99–216. https://
doi.org/10.1016/j.simyco.2017.04.002

Marin-Felix Y, Hernández-Restrepo M, Crous PW (2020) Multi-locus
phylogeny of the genus Curvularia and description of ten new spe-
cies. Mycol Prog 19:559–588. https://doi.org/10.1007/s11557-020-
01576-6

Marin-Felix J, Senwanna C, Cheewangkoon R, Crous PW (2017) New
species and records of Bipolaris and Curvularia from Thailand.
Mycosphere 8:1556–1574. https://doi.org/10.5943/mycosphere/8/
9/11

Mitskas MB, Eleftherohorinos IG, Damalas CA (2003) Interference be-
tween corn and Johnsongrass (Sorghum halepense) from seed or
rhizome. Weed Sci 51:540–554

Montes-García N, Prom LN, Montes-Rodríguez N, García-Gracía N,
Pecina-Quintero V, Díaz-Franco A (2010) Effect of systemic fungi-
cides in the control of sorghum [Sorghum bicolor (L.) Monch] grain
parasitic mycoflora. Rev Mex Fitopatol 28:156–158

Munkvold GP, White DG (2016) Compendium of corn diseases.
American Phytopathological Society, St. Paul

Nam B, Lee JS, Lee HB, Choi YJ (2020) Pezizomycotina (Ascomycota)
Fungi isolated from freshwater environments of Korea:
Cladorrhinum australe, Curvularia muehlenbeckiae, Curvularia
pseudobrachyspora, and Diaporthe longicolla. Kor J Mycol 48:
29–38. https://doi.org/10.4489/KJM.20200003

Parija SC, Prabhakar PK (1995) Evaluation of lacto-phenol cotton blue
for wet mount preparation of feces. J Clin Microbiol 33(4):1019–
1021. https://doi.org/10.1128/jcm.33.4.1019-1021

Pratt RG (2007) Johnsongrass, yellow foxtail, and broadleaf signalgrass
as new hosts for six species of Bipolaris, Curvularia, and
Exserohilum pathogenic to Bermudagrass. Plant Dis 90:528–528.
https://doi.org/10.1094/PD-90-0528B

Ribeiro-Chagas JF, Véras da Costa R, Rodrigues dos Santos G, Abadia-
Ventura MV, Costa EM (2020) Foliar fungal diseases control and
productivity depending on the phosphite and fungicide application
in two corn hybrids. Biotecnol Veg 20:33–41

Ridgway R (1912) Color standards and color nomenclature. Published by
the Author, Washington, DC

Ríos-Herrera EN, Ochoa-Fuentes YM, Cerna-Chávez E, Landeros-Flores
J, Cepeda-Siller M, Rodríguez-Guerra R (2017) Hongos asociados a
la mancha de asfalto en el cultivo demaíz enMéxico. RevMexicana
Cienc Agric 8:457–462. https://doi.org/10.29312/remexca.v8i2.65

Rodriguez TTMS, Maffia LA, Dhingra OD, Mitzubuti ESG (2010)
In vitro production of conidia of Alternaria solani. Trop Plant
Pathol 35(4):203–2012. https://doi.org/10.1590/S1982-
56762010000400001

Stamatakis A (2006) RAxML-VI-HPC: maximum likelihood-based phy-
logenetic analyses with thousands of taxa and mixed models.
Bioinformatics 22(21):2688–2690. https://doi.org/10.1093/
bioinformatics/btl446

Tan YP, Madrid H, Crous PW, Shivas RG (2014) Johnalcornia gen. et.
comb. nov., and nine new combinations in Curvularia based on
molecular phylogenetic analysis. Australas Plant Pathol 43:589–
603. https://doi.org/10.1007/s13313-014-0315-6

Tomaso-PetersonM, Jo YK, Vines PL, Hoffmann FG (2016) Curvularia
malina sp. nov. incites a new disease of warm-season turfgrasses in
the southeastern United States. Mycologia 108(5):915–924. https://
doi.org/10.3852/15-238

White TJ, Bruns TD, Lee SB, Taylor JW (1990) Analysis of phylogenetic
relationships by amplification and direct sequencing of ribosomal
DNA genes. In: Innis MA, Gelfand DH, Sninsky JJ, White TJ (eds)
PCR protocols: a guide to methods and applications. Academic
Press, San Diego, pp 315–322

Williams CS, Hayes RM (1984) Johnsongrass (Sorghum halepense)
competition in soybeans (Glycine max). Weed Sci 32:498–501

XuG, Zheng F,MaR, Zheng FQ, Zheng L, DingXF, Xie CP (2018) First
report of Curvularia lunata causing leaf spot of Pennisetum
hydridum in China. Plant Dis 102:2372–2372. https://doi.org/10.
1094/PDIS-04-18-0598-PDN

Zadoks JC, Schein RD (1979) Epidemiology and plant disease
management. Oxford University Press, Oxford 427 p

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

   50 Page 10 of 10 Mycological Progress           (2022) 21:50 

https://doi.org/10.1007/s13225-012-0189-2
https://doi.org/10.11646/phytotaxa.212.3.1
https://doi.org/10.1016/j.simyco.2017.04.002
https://doi.org/10.1016/j.simyco.2017.04.002
https://doi.org/10.1007/s11557-020-01576-6
https://doi.org/10.1007/s11557-020-01576-6
https://doi.org/10.5943/mycosphere/8/9/11
https://doi.org/10.5943/mycosphere/8/9/11
https://doi.org/10.4489/KJM.20200003
https://doi.org/10.1128/jcm.33.4.1019-1021
https://doi.org/10.1094/PD-90-0528B
https://doi.org/10.29312/remexca.v8i2.65
https://doi.org/10.1590/S1982-56762010000400001
https://doi.org/10.1590/S1982-56762010000400001
https://doi.org/10.1093/bioinformatics/btl446
https://doi.org/10.1093/bioinformatics/btl446
https://doi.org/10.1007/s13313-014-0315-6
https://doi.org/10.3852/15-238
https://doi.org/10.3852/15-238
https://doi.org/10.1094/PDIS-04-18-0598-PDN
https://doi.org/10.1094/PDIS-04-18-0598-PDN

	Curvularia muehlenbeckiae causing leaf spot on Johnson grass in Mexico
	Abstract
	Introduction
	Materials and methods
	Sample collection and isolation of fungi associated with leaf spot on Johnson grass
	Molecular identification
	Morphological characterization of fungi associated with leaf spot on Johnson grass
	Pathogenicity testing
	Statistical analysis of data

	Results
	Molecular identification
	Morphological characterization
	Pathogenicity test

	Discussion
	References


