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ABSTRACT

Araceae includes numerous flowering plant species that are cultivated as ornamentals in gardens, pots or by the cut-flower in-
dustry. Relatively little has been published on the fungal pathogens attacking these ornamentals, particularly in Brazil. Here we
report the results of a study on Colletotrichum spp. found in association with anthracnose and leaf spot symptoms on Aglaonema

commutatum, Anthurium andraeanum, Dieffenbachia amoena, Philodendron imbe and Philodendron tripartitum. Nine isolates

of Colletotrichum were obtained from diseased tissues. A polyphasic approach was used to identify these isolates as four novel

species: Colletotrichum anthuriicola sp. nov., C.araceiphilum sp. nov., C.imbeicola sp. nov. and C. philodendrifolium sp. nov.

Cross-inoculation assays were conducted using the plant host species listed above, as well as Epipremnum aureum, and showed
that all isolates were pathogenic to at least three of the inoculated aroid species. These findings expand the current knowledge
of the genus Colletotrichum and its association with members of the Araceae and highlight the need to consider individual
ornamental aroids as potential inoculum reservoirs for infection of other cultivated members, given the low host specificity of

aroid-associated Colletotrichum species.

1 | Introduction

Ornamental plants are the most diverse group of cultivated plants
and are of great economic importance worldwide (Lecomte
et al. 2016). The global market value of ornamentals is expected
to reach $45 billion by 2029 (Data Bridge Market Research
[DBMR] 2025). Paradoxically, compared with other crops, dis-
eases of ornamentals have been relatively under-investigated.
This gap poses a threat to the ornamental plant sector, which is
constrained by the occurrence of destructive diseases (Zhang,
Nizamani, et al. 2023).

Ornamentals of the family Araceae exemplify this broader lack
of basic phytopathological knowledge. Although plant diseases
are known to negatively impact their production and quality,
and some studies—including a few from our research group

(Pereira et al. 2024; Visagie et al. 2024)—have addressed dis-
eases affecting aroids, the pathogens associated with these hosts
remain poorly documented and insufficiently investigated.

As aroids are commonly propagated vegetatively under shaded
and very humid conditions, fungal diseases such as anthracnose
may have a significant impact on their production for the cut
flower industry (particularly anthurium and arum lily) (Chaves
et al. 2020; Norman and Ali 2012), for the potted plants mar-
ket (such as anthurium, Chinese evergreen and dumbcane)
(de Alvarez and Alvarez 2001; Chaudhuri et al. 2018), and for
cultivation in gardens (numerous varieties) (Cui et al. 2025; Liu
et al. 2021; Vasquez-Lopez et al. 2019).

Colletotrichum, discovered by Corda (1831), is the only genus
in the Glomerellaceae (Liu et al. 2022). It has long been
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considered one of the most important genera of fungal plant
pathogens (Dean et al. 2012) and is widely regarded as the
aetiological agent of anthracnoses. Nevertheless, it can also
cause leaf spots, stem blight and fruit rots on a wide range of
hosts, both in tropical and temperate regions (Talhinhas and
Baroncelli 2021; Zhang, Nizamani, et al. 2023). Members of
Colletotrichum spp. also occupy other ecological niches, in-
cluding lifestyles as endophytes, saprophytes and even insect
pathogens (Jayawardena et al. 2020). The genus comprises
more than 340 accepted species, now mostly circumscribed
through molecular data. It has been organised into 16 spe-
cies complexes by Liu et al. (2022) and was expanded to in-
clude four additional complexes later proposed by Talhinhas
and Baroncelli (2023). Modern reappraisals of Colletotrichum
(based on the use of molecular tools) have dramatically
changed the taxonomy for the genus (e.g., Bhunjun et al. 2021;
Damm et al. 2019).

In the past, Colletotrichum species were described solely based
on morphological, cultural characteristics and supposed host-
specificity. This was inadequate due to overlapping character-
istics between taxa (Zhang, Chen, et al. 2023). Thus, accurate
species delimitation based on a polyphasic approach is essential
for the proper characterisation of mycodiversity, for understand-
ing pathogen-host interactions and evolutionary dynamics, and
for supporting the development of effective management strate-
gies for Colletotrichum diseases (Liu et al. 2022).

This study represents the first application of the polyphasic
approach to investigate the taxonomy of Colletotrichum spe-
cies associated with ornamental Araceae in Brazil. Although
the sampling was largely confined to a single plant nursery, it
provides an initial step towards a broader understanding of the
fungi responsible for anthracnose of aroids.

2 | Materials and Methods
2.1 | Sampling and Fungal Isolation

The following ornamental Araceae species were studied here:
Aglaonema commutatum, common name Chinese evergreen
or poison dart (café-de-saldo in Brazil), Anthurium andrae-
anum, common name flamingo flower (antirio in Brazil),
Dieffenbachia amoena, common name dumbcane (comigo-
ninguém-pode in Brazil), Epipremnum aureum, common name
golden pothos (jiboia in Brazil), Philodendron imbe, no common
English name (imbé in Brazil), Philodendron tripartitum, com-
mon name three-lobed philodendron (filodendro tripartido in
Brazil) and Syngonium podophyllum, common name arrowhead
plant (singdnio in Brazil).

Sampling occurred in the main ornamental plant nursery
supplying plants for cultivation in the gardens of the campus
of the Universidade Federal de Vicosa (UFV), Vicosa, state
of Minas Gerais (Brazil). Additionally, samples of one species
(Philodendron imbe) were also collected from a private garden
in the city of Rio de Janeiro, state of Rio de Janeiro (Brazil)
(Figure 1A). Mature and young leaves of each Araceae species
showing leaf spots (Figure 1B-H) were collected and trans-
ported to the laboratory for further examination.

Upon arrival, while still fresh, the leaves were examined under
a dissecting microscope (SZX7, Olympus) for closer examination
of lesions. As previously suspected, several of the leaf spots were
associated with fungi belonging to Colletotrichum. The lesions
were therefore examined for typical features of Colletotrichum
spp., including acervuli, setae and conidial masses.

Whenever the presence of Colletotrichum structures was con-
firmed, conidia were either collected with a sterile needle and
transferred onto potato dextrose agar (PDA) plates, or selected
fragments were excised from the leaves and left for 15min laying
on the surface of tap water agar plates, in order to soften the co-
nidial masses to facilitate conidial transfer. The plates were then
left in an incubator for 5days at 25°C +2°C, under a 12-h light
regime. Pure cultures were obtained, and representative isolates
were deposited in the culture collection ‘Cole¢do Octavio de
Almeida Drumond’ (COAD) of the UFV (Table S1). Additionally,
selected leaves bearing sporulating lesions were dried in a plant
press and deposited in the UFV fungarium (VIC).

2.2 | Morphological Analysis

An isolate obtained from each plant species was selected
and transferred to oatmeal agar (OA), PDA and synthetic
nutrient-poor agar (SNA) media, and maintained in an incu-
bator for 7days at 25°C £2°C in darkness. Colonies had their
characteristics described following the terminology of Crous
et al. (2019), and colour terminology followed Rayner's colour
chart (Rayner 1970).

To assess biometric data and induce sporulation, a methodology
adapted from Damm et al. (2012) was used. Autoclaved parsley
stems (Petroselinum crispum, Apiaceae) were used in place of au-
toclaved stems of Anthriscus sylvestris (Apiaceae) and positioned
on the surface of SNA plates. Each isolate was then transferred
to the centre of an individual plate and incubated for 10days
at 25°C+2°C under a 12h photoperiod. Appressoria were ob-
served on slide cultures prepared as described by Johnston
and Jones (1997), using SNA blocks as the starting point for
Colletotrichum colony development. All slides, including slide
cultures, were mounted in lactoglycerol and examined under
a light microscope (BX-51; Olympus) equipped with a digital
imaging system (Q-Colour 3 camera; Olympus). For each struc-
ture, 30 measurements were recorded following the protocol of
Damm et al. (2012).

2.3 | DNA Extraction and Amplification

Isolates were grown on PDA for 10days, under the same condi-
tions described above. Mycelium was collected from the surface
of the medium, transferred to a sterile 1.5mL microcentrifuge
tube containing three stainless steel beads, and ground using a
mechanical cell disruptor (L-BEADER-3; Loccus Biotecnologia).
The genomic DNA was extracted with the Wizard Genomic
DNA Purification Kit (Promega), following the manufacturer's
instructions.

Fragments from seven loci were targeted: actin (act), calmod-
ulin (cal), chitin synthase 1 (chs-I), glyceraldehyde 3-phosphate
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FIGURE1 | Leaf spots on ornamental aroids in Brazil collected as possibly infected by Colletotrichum spp. (A) Localities of collection in Brazil.
Symptoms on leaves of (B) Philodendron imbe—positive for Colletotrichum infection. (C) Anthurium andraeanum—positive for Colletotrichum in-
fection. (D) Philodendron tripartitum—positive for Colletotrichum infection. (E) Syngonium podophyllum—negative for Colletotrichum infection
(aetiology unresolved). (F) Aglaonema commutatum—positive for Colletotrichum infection. (G) Epipremnum aureum—negative for Colletotrichum
infection (symptoms probably caused by the infection by Cercospora Q alone) and (H) Dieffenbachia amoena—positive for Colletotrichum infection.

dehydrogenase (gapdh), histone H3 (his3), the rDNA internal
transcribed spacer region (ITS) and f-tubulin 2 (tub2). These
were amplified using the primer pairs listed in Table S2. PCR
conditions consisted of an initial denaturation step at 95°C for
5min; followed by 35cycles of 95°C for 30s, annealing tempera-
tures and times listed in Table S2, and 72°C for 45s; and a final
72°C for 10 min.

To verify the purity and size of the amplicons, the PCR prod-
ucts were analysed on an agarose gel and visualised under UV
light. Those showing amplification bands were purified using
ExoSAP-IT (Amersham Biosciences) according to the man-
ufacturer's instructions. DNA sequencing was carried out by
Macrogen Inc. (Seoul, South Korea, http://www.macrogen.
com).

2.4 | Phylogenetic Analysis

The results of sequencing were visualised and evaluated using
the software SeqAssem v. 07/2008 (Hepperle 2021). The electro-
pherograms were analysed and, when necessary, nucleotides on
ambiguous positions were corrected. Consensus sequences were
assembled, preliminarily compared with published sequences
through a BLAST search (https://blast.ncbi.nlm.nih.gov/Blast.cgi)
and deposited in GenBank (accession numbers are in Table S1).

Individual datasets were obtained through alignment of se-
quences of the isolates under study with other Colletotrichum
sequences retrieved from Liu et al. 2022; Vieira et al. 2020; Xue
et al. 2020; Zapata et al. 2024; Zhang, Chen, et al. 2023, and
others available at the nucleotide NCBI database (Table S1).
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The MUSCLE function of MEGA v. 10.2.2 software (Kumar
et al. 2018) was applied to align these sequences. Then,
SequenceMatrix v. 1.8 software (Vaidya et al. 2011) was used
to generate a combined dataset of the seven loci. Phylogenetic
analyses were performed within the CIPRES portal (Miller
et al. 2010), using the maximum likelihood (ML) and the
Bayesian inference (BI) methods.

To determine the species complexes to which the isolates
belonged, an initial ML analysis was conducted using rep-
resentative members of the Colletotrichum species com-
plexes, with Monilochaetes infuscans CBS 869.96 designated
as the outgroup (Figure S1). This analysis indicated that all
isolates were clustered within the Colletotrichum bonin-
ense species complex. Accordingly, all members of this com-
plex were included in the subsequent phylogenetic analyses.
Colletotrichum gloeosporioides (CBS 112999 and CBS 953.97)
was used the outgroup.

ML analysis was conducted using the RAXML-HPC v. 8.2.12
(Stamatakis 2014). The best phylogenetic tree was obtained after
sampling 10,000 bootstrap replicates and bootstrap values (BS)
>70% were retained in the final tree.

Prior to the BI analysis, the best substitution model for each
locus was determined through the ModelTest2 v. 2.1.6 tool
(Darriba et al. 2012; also available on the CIPRES portal). The
following substitution models were implemented in the BI anal-
ysis: for act, gapdh and his3, HKY + G; for cal, HKY +1; for chs-I
and for tub2, K80+ G; and for ITS, K80 +1+G.

BI analysis was conducted using the MrBayes v. 3.2.1 tool
(Ronquist et al. 2012). The Markov chain Monte Carlo (MCMC)
method was used to find the best tree topology. Two simulta-
neous and independent analyses were conducted, each with
four chains. The MCMCs were run for 5,000,000 generations,
and trees were sampled every 500th generation, until conver-
gence was achieved. The first 25% of trees were discarded in the
burn-in phase, and the remaining 7500 trees from each run gen-
erated the consensus tree, from which posterior probability val-
ues (PP) were obtained. Only PPs values higher than 0.90 were
maintained in the final tree.

Phylogenetic trees were viewed using TreeGraph 2 v. 2.15.0-887
software (Stover and Miiller 2010). Topologies derived from the
ML and BI analyses were compared and found to be congruent.
The BI topology was therefore selected for presentation, and BS
values from the ML analysis were mapped on to the tree.

2.5 | Pairwise Homoplasy Index

To validate the taxonomic independence of proposed taxa,
Genealogical Concordance Phylogenetic Species Recognition
(GCPSR) analysis was applied. A pairwise homoplasy index
(PHI) test (@) was conducted to detect recombination among
the isolates under study and closely related taxa. The test was
performed in SplitsTree v. 6.7.5 (Huson and Bryant 2024)
using concatenated ITS, gapdh, chs, act, tub2, his3 and cal se-
quences, and including ex-type strains of closely related taxa. A
@, value higher than 0.05 (@ ,>0.05) indicated no significant

recombination within the dataset (Bruen et al. 2006), sug-
gesting a clear genetic separation among the analysed taxa.
Relationships among closely related taxa were visualised using
a NeighborNet network based on LogDet distances.

2.6 | Pathogenicity Tests

Pathogenicity tests were conducted to fulfil Koch's postulates
with selected isolates of Colletotrichum obtained from the aroids
during the survey. Ten healthy plants (approximately 6 months
old) of A. commutatum, A. andraeanum, D.amoena, E. aureum,
P.imbe and P.tripartitum were obtained from the ornamental
plant nursery of UFV and used in the assays. Epipremnum au-
reum was included as an additional aroid species due to pub-
lished reports of Colletotrichum spp. on this host in the United
States and China (Hong Kong) (Farr et al. 2026). Two inocula-
tion methods were used: (i) inoculation of intact foliage (without
wounds), at five different spots on the middle of five separate
leaves; and (ii) inoculation of five separate leaves, previously
wounded using a cushion of sterile needles at five inoculation
spots. Additionally, two kinds of inoculum were used: half of the
plants received mycelium discs, while the other half was treated
with conidial suspensions.

Isolates COAD 3509, COAD 3511, COAD 3513 and COAD 3514
were selected for pathogenicity tests as representatives of the
four species identified within the isolate assemblage (see below).
These were grown on either PDA plates or placed next to au-
toclaved parsley stems laying over the medium surface of SNA
plates. Plates were maintained under the same conditions as de-
scribed above. After 10days, mycelium discs were taken from
the margin of growing colonies (PDA plates). Conidial suspen-
sions were prepared by transferring parsley stems colonised by
Colletotrichum (and producing sporulating colonies) into plas-
tic beakers containing 100mL of an autoclaved Tween 0.05%
(v/v) solution and blended with a homogeniser (model MA 102;
Marconi). Each suspension was filtered through plastic sieves.
Conidial concentrations were adjusted to 5x10° conidia/mL
with a haemocytometer.

A cross-inoculation scheme was conducted. For each plant spe-
cies, every possible combination of inoculum type (mycelium
discs or conidial suspension) and inoculation method (with
or without wounding) was tested for each isolate. This meant
that one plant was treated per inoculum type, and individual
leaves within each plant were considered as replicates for the
inoculation method. Up to five mycelium discs were randomly
placed on the adaxial surface of the leaves with the mycelium
in direct contact with the leaf. On wounded leaves, up to five
mycelium discs were placed directly over the wounds. Conidial
suspensions were applied onto test plants either having intact
or wounded leaves. The suspension was sprayed with hand-
held atomisers until run-off occurred on each leaf. A set of
plants (with and without wounding) received PDA discs from
non-colonised plates or were sprayed with tap water and served
as controls. After being treated, all plants were maintained
in humidity chambers prepared by covering the plants and
pots individually with large, wetted black plastic bags (100L).
A water-soaked paper pad was also placed at the base of each
plant prior to closing each bag. The plants were kept under these
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conditions for 72h, after which the plastic bags were removed
and the plants were transferred to greenhouse benches, where
the air temperature was maintained at 25°C and the plants were
watered twice a day. Plants were checked daily for the develop-
ment of signs and/or symptoms. Symptomatic leaves were col-
lected for examination under the dissecting microscope. Slides
were mounted for microscopic observation of fungal structures
found on sporulating lesions. When Colletotrichum was con-
firmed on samples, isolation was conducted following the pro-
cedures described above.

3 | Results
3.1 | Sampling and Fungal Isolation

The survey of anthracnosed aroids resulted in nine isolates of
Colletotrichum. Four isolates were obtained from Philodendron
imbe (COAD 3509, COAD 4218, COAD 4219 and COAD 4220),
two isolates were obtained from Philodendron tripartitum
(COAD 3512 and COAD 3513), and one isolate was obtained
from each of the following hosts: Anthurium andraeanum
(COAD 3511), Aglaonema commutatum (COAD 3514) and
Dieffenbachia amoena (COAD 3515). Epipremnum aureum and
Syngonium podophyllum did not yield any Colletotrichum iso-
lates during the survey.

3.2 | Symptoms

Between 2022 and 2025, symptoms were frequently observed on
leaves of the aroids cultivated at the ornamental plant nursery of
UFV (Vigosa, Minas Gerais, Brazil), and in a private garden in
Rio de Janeiro (Rio de Janeiro, Brazil). In the UFV nursery, all
individuals of the five species exhibited anthracnose symptoms
on many older leaves; similarly, P. imbe plants in the private gar-
den also showed symptoms on older foliage.

On A. commutatum, early symptoms appeared as small, yellow
to green spots, which progressed to form brown, oval lesions
surrounded by yellow haloes, predominantly along leaf mar-
gins. Conidiomata were frequently visible on the adaxial leaf
surface, and in advanced stages the necrotic parts of leaves often
abscised, resulting in perforations.

On A. andraeanum, initial symptoms consisted of small brown
spots surrounded by yellow haloes. These lesions expanded into
oval to irregular, greyish and necrotic areas with dark brown
margins and yellow halos and increased progressively in size
leading, in some instances, particularly on plants directly ex-
posed to the sun light, to the destructive and entire blight of
many leaves of diseased plants. All sun-exposed plants showed
leaf spots, which developed later into extensive leaf blight of
older leaves.

On D. amoena, symptoms typically began as water-soaked
yellow to green spots, progressing into greyish to brown with
yellow haloes, round to oval lesions. In older lesions, conidi-
omata were commonly observed on the adaxial surface, and

the necrotic tissue frequently detached, perforating the lesion
centres.

On P. imbe, spots were numerous (particularly in plants growing
at full sun compared to shaded plants) and affected large areas
of the leaf surface, beginning as small yellow to green spots.
Lesions expanded and sometimes coalesced, forming necrotic
areas with greyish centres and brown margins surrounded by
yellow haloes. Conidiomata were occasionally observed on the
adaxial surface of older lesions.

On P. tripartitum, symptoms were predominantly observed
along leaf margins and initially appeared as small and round
brown spots. As the disease progressed, lesions coalesced and
became sunken, necrotic, dark brown to black, surrounded by
yellow haloes.

Although no Colletotrichum isolates were obtained from E.
aureum or S. podophyllum, these hosts initially exhibited
anthracnose-like symptoms in the form of small green to yellow
spots that expanded and sometimes coalesced to form oval le-
sions with black to dark brown centres and yellow haloes.

3.3 | Phylogeny

Preliminary species identification, based on BLASTn search and
ML analysis with members of all Colletotrichum species com-
plexes, indicated that isolates belonged to the Colletotrichum
boninense species complex (Figure S1).

The analysis of the C. boninense species complex comprised 99
isolates: 88 isolates from 43 described taxa, the nine isolates
obtained in this study, and two isolates of C. gloeosporioides
(CBS 953.97 and CBS 112999) used as outgroups. Phylogenetic
relationships were inferred using a combined dataset of
seven loci.

The final alignment consisted of 2221 characters, including gaps
(ITS: 457, gapdh: 252, chs-1: 189, act: 220, tub2: 351, his3: 358,
cal: 394), of which 1402 characters were conserved (ITS: 388,
gapdh: 77, chs-1: 137, act: 106, tub2: 213, his3: 250, cal: 231), 808
characters were considered variable (ITS: 69, gapdh: 168, chs-
1: 52, act: 114, tub2: 137, his3: 106, cal: 162) and 744 characters
were parsimony-informative (ITS: 60, gapdh: 153, chs-1: 52, act:
105, tub2: 125, his3: 95, cal: 154).

The ML and BI analyses resulted in similar topologies; thus, the
BI topology was selected and shown herein (Figure 2), with the
BS values (obtained by the ML method) added.

COAD 3511 was closely related to C. torulosum in a group with
high support values (BS=96; ML=1), but in a separate branch.
The remaining three isolates (COAD 3512, COAD 3514 and
COAD 3515) were grouped in a well-supported clade (BS=79;
ML =1), phylogenetically related to C. pseudoboninense.

Four isolates (COAD 3509, COAD 4218, COAD 4219 and COAD
4220) formed a distinct and well-supported clade (BS=100;
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FIGURE 2 | Phylogenetic tree based on Bayesian inference analysis (BI) and maximum-likelihood (ML) of the rDNA internal transcribed spacer
region (ITS), glyceraldehyde 3-phosphate dehydrogenase (gapdh), chitin synthase 1 (chs-1), actin (act), f-tubulin 2 (tub2), histone H3 (his3) and calm-
odulin (cal) sequences of members of the Colletotrichum boninense species complex. Thickened branches indicate nodes with ML bootstrap support
(BS) higher than 90% and BI posterior probabilities (PP) values higher than 0.95. Values at nodes indicate BS values (left, values >70%) and PP from
BI (right, values >0.9). Lower values are indicated as ‘—’. The tree is rooted with C. gloeosporioides (CBS 112999 and CBS 953.97). Ex-type strains are
highlighted in bold, and isolates treated in this study are presented in red.
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FIGURE3 | Split graphs displaying the results of the pairwise homoplasy index (PHI) test of Colletotrichum anthuricola (COAD 3511) and C. ara-
ceiphilum (COAD 3512, COAD 3514 and COAD 3515) and their closely related taxa, inferred using a NeighborNet network based on LogDet distances
from concatenated multilocus sequences. The PHI test result (® ,=0.5731) indicated that there is no evidence for significant recombination within

the dataset. Ex-type strains are shown in bold and isolates of the new species are highlighted in red.

PP=1) closely related to C.karsti, C.wuxuhaiense, C.actinid-
icola, C.spicati, C.celtidis and to the isolate COAD 3513.
However, COAD 3513 was found to be more closely related to the
latter three taxa, forming a distinct branch (BS=48; PP=0.99).
Those nine isolates were assigned to four new species, which are
described below.

To further validate these new species and their taxonomic inde-
pendence, the GCPSR model was applied, and a PHI test based
on seven concatenated loci was conducted to detect recombina-
tion events among phylogenetically closely related taxa. The PHI
test indicated no significant recombination (® =0.5731) be-
tween C.anthuriicola (COAD 3511) and C. araceiphilum (COAD
3512, COAD 3514 and COAD 3515) and their closely related
taxa, including C. boninense, C. doitungense, C. fici, C. poalesicola,
C. pseudoboninense, C. torulosum and C.watphraense (Figure 3).

Similarly, the testresulted inanon-significantvalue (¥ ,=0.3879)
and indicated no detectable recombination between C. imbeicola
(COAD 3509, COAD 4218, COAD 4219 and COAD 4220) and
C. philodendrifolium (COAD 3513) and their closely related spe-
cies, including C. actinidicola, C. celtidis, C. karsti, C. spicati and
C.wuxuhaiense (Figure 4). Therefore, these results support the
genetic distinctiveness and independence of the newly proposed
species.

3.4 | Taxonomy

3.4.1 | Colletotrichum anthuriicola sp. nov. C. M. Pereira
& R. W. Barreto Figure 5

MycoBank: 861822.
Etymology: Based on the name of its host genus.

Typus: Brazil, Minas Gerais, Vicosa, on leaves of Anthurium
andraeanum (Araceae), 20th Jul 2022, Robert W. Barreto (coll.
number RWB 2398), holotype VIC 49390; ex-type living culture
COAD 3511.

Description: sexual morph not observed. Hyphae hyaline to pale
brown, smooth, septate, branched, 1.5-3.5um diam.
Conidiomata acervular, scattered or in groups, black. Setae not
observed. Conidiophores mostly reduced to conidiogenous cells,
hyaline to pale brown, smooth, cylindrical, clavate, sometimes
obclavate, straight, septate, unbranched, 7-15.5X3-4um
(x=11.3 £3.3%3.3+0.4um), L/W ratio=3.4. Conidiogenous
cells mostly formed directly on mycelium, hyaline to pale brown,
smooth,  cylindrical to ampulliform, 8.5-29X2-4um
(x=18.8+£5.4x3+0.8um), L/W ratio=6.2. Conidia hyaline,
aseptate, smooth, cylindrical, ellipsoid, occasionally obovoid,
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COAD 3509 - C. imbeicola

COAD 4220 - C. imbeicola

CORCGS - C. karsti

CGMCC 3.18951 - C. wuxuhaiense

GUCC 25-0036 - C. actinidicola

CGMCC 3.18942 - C. spicati

COAD 4218 - C. imbeicola
COAD 4219 - C. imbeicola

COAD 3513 - C. philodendrifolium

MFLUCC 20-0177 - C. celtidis

0.002
(dw = 0.3879)

FIGURE4 | Split graphs displaying the results of the pairwise homoplasy index (PHI) test of Colletotrichum imbeicola (COAD 3509, COAD 4218,
COAD 4219, and COAD 4220) and C. philodendrifolium (COAD 3513) and their closely related taxa, inferred using a NeighborNet network based
on LogDet distances from concatenated multilocus sequences. The PHI test result (®,,=0.3879) indicated that there is no evidence for significant

recombination within the dataset. Ex-type strains are shown in bold, and isolates of the new species are highlighted in red.

rounded at both ends, occasionally tapering towards a subacute
base, occasionally with a distinct hilum at base, 11.5-
17.5%x5-7um  (x=13.1%£3x5.9+0.4um), L/W ratio=2.2.
Appressoria solitary, dark brown, smooth, ovoid, clavate or ir-
regular with entire to undulate margins, 8-17X5-10um
(x=10.5+1.7% 7.7+ 1um), L/W ratio=1.4.

Culture characteristic: colonies on OA fast-growing 70mm diam.
after 7days, flat, edge slightly undulate, aerial mycelium feathery,
greenish olivaceous to grey olivaceous centrally with white mar-
gins; reverse greenish olivaceous with white margins. On PDA
fast-growing 75 mm diam. after 7days, flat, edge entire, aerial my-
celium felty, lavender grey surrounded with white periphery; re-
verse olivaceous grey with white periphery. On SNA fast-growing,
66mm diam. after 7days, flat, edge slightly undulate, aerial
mycelium feathery with some tufts, surface and reverse white.
Sporulation absent on all media.

Notes: C. anthuriicola is represented in this study by a sin-
gle isolate, that forms a close, yet distinct and well-supported
(96/1) branch in relation to C.torulosum. Morphologically,
these species are distinguishable by the size of conidiophores,
which are shorter in C.anthuriicola—up to 15.5um long
versus up to 75um long in C. torulosum (Damm et al. 2012)
and by the length of conidiogenous cells, which are slightly
longer in C. anthuriicola (up to 29 um long) than in C. torulo-
sum (up to 23 pum long) (Damm et al. 2012). C. torulosum has
been reported in association with several hosts, although not
with any aroid. Documented hosts include Solanum melon-
gena (Solanaceae), Passiflora edulis (Passifloraceae) (Damm
et al. 2012) and Kunzea ericoides (Myrtaceae) (Talhinhas and
Baroncelli 2023), with all known records restricted to New
Zealand.

Another Colletotrichum species, C.anthurii, was described
in the 19th century from leaves of Anthurium sp. in France
(Delacroix 1897). C. anthuriicola is clearly distinct as it pro-
duces conidia which are smaller (11.5-17.5x 5-7 wum) and bio-
metrically disjunct from those of C. anthurii (18-20 X 4-4.5 um)
(Delacroix 1897). The combined evidence from phylogenetic
analyses, morphological differences, and the absence of sig-
nificant recombination in PHI test supports the recognition of
C.anthuriicola as a novel species within the C. boninense spe-
cies complex.

3.4.2 | Colletotrichum araceiphilum sp. nov. C. M.
Pereira & R. W. Barreto Figure 6

MycoBank: 861823.

Etymology: Based on its seemingly broad host-range within the
Araceae.

Typus: Brazil, Minas Gerais, Vigosa, on leaves of Aglaonema
commutatum (Araceae), 20 July 2022, Robert W. Barreto
(RWB 2400), holotype VIC 49392; ex-type living culture
COAD 3514.

Description: sexual morph not observed. Hyphae hyaline to pale
brown, smooth, septate, branched, 1.5-5um diam. Conidiomata
acervular, scattered or in groups, black. Setae not observed.
Conidiophores formed in clusters, hyaline to pale brown, smooth,
cylindrical, septate, occasionally branched, 12-41.5X2.5-6um
(x=23.5£6.6X3.8+0.9um), L/W ratio=6.2. Conidiogenous cells
formed directly from the mycelium, hyaline, smooth, cylindrical
to ampulliform, straight, often curved, 10-33x2-5um (x=20.3
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FIGURE 5 | Colletotrichum anthuriicola sp. nov. (COAD 3511) from Anthurium andraeanum. Colonies on (A) oatmeal agar, (B) potato dextrose
agar, and (C) synthetic nutrient-poor agar after 7days, in the dark at 25°C. (D) Conidiomata formed in vitro on Petroselinum crispum stem. (E-G)

Conidiophores. (H-J) Appressoria. (K) Conidia. Scale bars—E-K: 20 um.

+5.7%3.3+£0.8um), L/W ratio=6.2. Conidia in pale brown
masses, hyaline, aseptate, smooth, cylindrical, sometimes
obovoid, mostly straight, sometimes slightly curved, with both
ends rounded, sometimes rounded at apex but tapering towards a
subacutebaseslightly pointed, hilumindistinct,11-18 X4.5-6.5 um
(x=13.3£1.7%5.8+0.4um), L/W ratio =2.3. Appressoria solitary
or in groups, dark brown, smooth, clavate or irregular with entire
to undulate margins, 7-21X5-14.5um (x=12.7+£2.7x8.7+2.
1um), L/W ratio=1.5.

Plant Pathology, 2026

Culture characteristic: colonies on OA fast-growing, 63 mm
diam. after 7days, flat, edge slightly undulate, aerial myce-
lium feathery with some tufts, olivaceous buff centrally sur-
rounded by white margins; reverse as for the surface. On PDA
62mm diam. after 7days, low convex, edge erose, central ae-
rial mycelium cottony, buff, surrounded by area with a few
felty patches smoke grey, white margin; reverse as for the sur-
face. On SNA moderate growth, 45 mm diam. after 7 days, low
convex, edge undulate, aerial mycelium feathery with some




FIGURE 6 | Colletotrichum araceiphilum sp. nov. (COAD 3514) from Aglaonema commutatum. Colonies on (A) oatmeal agar, (B) potato dex-
trose agar, and (C) synthetic nutrient-poor agar after 7days, in the dark at 25°C. (D, E) Conidiomata formed in vitro on Petroselinum crispum stem.
(F-I) Conidiophores. (J-L) Appressoria. (M) Conidia. Scale bars—F-M: 20 um.

mycelial tufts, surface and reverse white. Sporulation absent  of Dieffenbachia amoena (Araceae), 20th Jul 2022, Robert W.
on all media. Barreto (coll. number RWB 2401), VIC 49393; living culture
COAD 3515.

Additional material examined: Brazil, Minas Gerais, Vicosa,

on leaves of Philodendron tripartitum (Araceae), 20th Jul 2022, Notes: C. araceiphilum is represented by three isolates that
Robert W. Barreto (coll. number RWB 2399a), VIC 49391; liv- formed a well-supported sister branch (79/1) to C.pseudo-
ing culture COAD 3512. Brazil, Minas Gerais, Vicosa, on leaves boninense. Besides being reported from an aroid (P.tatei) in
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China, C.pseudoboninense was also found in association with
Dendrobium kingianum (Orchidaceae) in Japan (Xue et al. 2020).

The sexual morph of C. araceiphilum was not obtained; there-
fore, comparisons with the structures of C.pseudoboninense
are not possible. However, C. araceiphilum has conidiophores
and conidia that are longer (up to 41.5um long and up to 18 um
long, respectively) than those formed by C. pseudoboninense
(up to 30pum long and up to 16.4 um long, respectively) (Xue
et al. 2020). Additionally, appressoria of C.araceiphilum
(7-21x 5-14.5um) are larger than those of C. pseudoboninense
(6.6-11.0X4.8-8.4um) (Xue et al. 2020). Moreover, the PHI
test indicated no significant recombination between C.ara-
ceiphilum and its closest relatives. Another Colletotrichum
species, C.aracearum (latter synonymised to C. orchidearum;
Damm et al. 2019), has also been reported from Araceae in
China, including Monstera deliciosa and Philodendron selloum
(Hou et al. 2016). In addition to belonging to different species
complexes—‘C. aracearum’ belongs to the C. orchidearum spe-
cies complex, whereas C. araceiphilum belongs to the C. bonin-
ense species complex. Colletotrichum araceiphilum can also
be distinguished from ‘C.aracearum’ by its shorter conidio-
phores (up to 41.5 um long, compared with up to 52 um long in
‘C. aracearum’), and by its longer conidiogenous cells and ap-
pressoria (up to 33um and 21 um long in C. araceiphilum ver-
sus up to 18 um and 12.5um, respectively, in ‘C. aracearum’)
(Hou et al. 2016).

3.4.3 | Colletotrichum imbeicola sp. nov. C. M. Pereira &
R. W. Barreto Figure 7

MycoBank: 861824.
Etymology: Based on the original host name Philodendron imbe.

Typus: Brazil, Rio de Janeiro, Rio de Janeiro, Gavea, on leaves
of Philodendron imbe (Araceae), 4th Jul 2022, Robert W. Barreto
(coll. number RWB 2396), holotype VIC 49388; ex-type living
culture COAD 3509.

Description: sexual morph not observed. Hyphae hyaline,
smooth, septate, branched, 1-5.5 um diam. Conidiomata acervu-
lar, scattered or in groups, black. Setae not observed.
Conidiophores formed in dense clusters, hyaline to pale brown,
smooth,  cylindrical, septate, occasionally  branched,
5-27.5X2-4um (x=13.9+7.2x3.1+£0.5um), L/W ratio=4.4.
Conidiogenous cells formed directly from mycelium, hyaline,
smooth, cylindrical to ampulliform, 8-29.5x2-5um
(x=18.8+£6%3.2+0.8um), L/W ratio=5.8. Conidia in orange
masses, hyaline, aseptate, smooth, cylindrical to clavate, and re-
niform, straight to rarely slightly curved, with rounded ends,
sometimes with a prominent hilum at the base, 11.5-
17.5%x5-7pm (x=14.7+1.5X5.7+£0.5um), L/W ratio=2.6.
Appressoria solitary, medium to dark brown, smooth, ovoid to
irregular, with entire to undulate margins, 6.5-12.5X 5-11um
(x=8.6+1.4x6.5+1.2um), L/W ratio=1.3.

Culture characteristic: colonies on OA fast-growing 69mm
diam. after 7days, flat with entire edge, aerial mycelium feath-
ery, with small central mycelial tufts, olivaceous with white

margins; reverse as for the surface. On PDA fast-growing 75 mm
diam. after 7days, low convex with entire to slightly undulate
edge, aerial mycelium felty, pale luteous, with a smoke grey
central area and white periphery; reverse olivaceous buff and
white. On SNA fast-growing 58 mm diam. after 7 days, flat with
slightly undulate edge, aerial mycelium feathery, with some cen-
tral tufts, a central area in greenish olivaceous, surrounded by
a white ring, reverse as the surface. Sporulation sparse on OA,
absent on PDA, and moderate on SNA.

Additional material examined: Brazil, Minas Gerais, Vicosa,
Universidade Federal de Vigosa, ornamental plant nursery, on
leaves of Philodendron imbe (Araceae), 16th Jan 2025, coll. Caio
M. Pereira (coll. number DOA 2881), VIC49757; living cultures
COAD 4218, COAD 4219 and COAD 4220.

Notes: Isolates of C.imbeicola formed a distinct and well-
supported clade (100/1) within a larger group comprising
C.karsti, C.wuxuhaiense, C.spicati, C.celtidis, C.actinidicola
and C. philodendrifolium. Additionally, PHI testing detected no
significant recombination between C.imbeicola and its closely
related species.

Colletotrichum imbeicola seems to be host-specific under field
conditions, as all four isolates were obtained from P.imbe in two
different localities in south-eastern Brazil. Among the closely
related species, only C. karsti recorded on Alocasia macrorrhiza
in China (He et al. 2014) and Anthurium sp. in Thailand (Damm
et al. 2012) were found in association with members of the
Araceae. Colletotrichum philodendrifolium (recently described
below) is also related to C. imbeicola.

Morphologically, C.imbeicola differs from closely related spe-
cies by its conidiophores, which are hyaline to pale brown and
shorter (up to 27.5um long). In contrast, species in the same
group produce hyaline, longer conidiophores: C. karsti (up to
42 um; Yang et al. 2011), C. wuxuhaiense (up to 31 um), C. spi-
cati (up to 61 um; Zheng et al. 2022) and C. philodendrifolium
(up to 37 umy; this study). Comparisons with C. actinidicola and
C. celtidis were not possible, as conidiophore measurements
were not provided in the original description of C. actinidicola,
and in C.celtidis these structures were reported as reduced
conidiogenous cells (Tennakoon et al. 2021; Norphanphoun
et al. 2025).

Conidiogenous cells also differ in size, being longer in C.im-
beicola (up to 29.5um in length) than in the other species,
including C. karsti (up to 20 um; Yang et al. 2011), C. wuxu-
haiense (up to 15.8 um; Zheng et al. 2022), C. celtidis (up to
16 um; Tennakoon et al. 2021), C. spicati (up to 2.6 um; Zheng
et al. 2022) and C. philodendrifolium (up to 27 um; noted in
this publication). However, they are shorter than those of
C.actinidicola (up to 40 um; Norphanphoun et al. 2025). In
addition, conidia of C.imbeicola produce some reniform and
cylindrical to clavate conidia. Conidia are always straight
in C.karsti (Yang et al. 2011). C. wuxuhaiense has oval co-
nidia (Zheng et al. 2022). C. spicati has ellipsoidal to subglo-
bose, sometimes cylindrical, conidia (Zheng et al. 2022). C.
celtidis has ellipsoidal to ovoid, rarely clavate to cylindrical,
conidia (Tennakoon et al. 2021). C. actinidicola has ellipsoi-
dal to cylindrical conidia (Norphanphoun et al. 2025), and

Plant Pathology, 2026

11 of 21



FIGURE 7 | Colletotrichum imbeicola sp. nov. (COAD 3509) from Philodendron imbe. Colonies on (A) oatmeal agar, (B) potato dextrose agar,
and (C) synthetic nutrient-poor agar after 7days, in the dark at 25°C. (D, E) Conidiomata formed in vitro on Petroselinum crispum stem. (F-
H) Conidiophores. (I-K) Appressoria. (L) Conidia. Scale bars—F-L: 20 um.
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C. philodendrifolium produces cylindrical, but also pyriform
to clavate conidia (noted in this publication).

3.4.4 | Colletotrichum philodendrifolium sp. nov. C. M.
Pereira & R. W. Barreto Figure 8

MycoBank: 861825.
Etymology: Based on the name of its original host-genus.

Typus: Brazil, Minas Gerais, Vicosa, on leaves of Philodendron
tripartitum, (Araceae), 20th Jul 2022, Robert W. Barreto (coll.
number RWB 2399¢), holotype VIC 49391; ex-type living culture
COAD 3513.

Description: sexual morph: formed after 15days on SNA.
Ascomata globose to ellipsoidal sometimes pyriform, solitary or
in small groups, black, superficial or immersed on SNA, 74-
268 X 68-182um (x=141.7£54.1%x124.9 £39.2um), L/W
ratio=1.1. Asci cylindrical to clavate, hyaline, 30-60.5X 5-11 um,
(x=46.7+£9.8%x8.2+1.5um), L/W ratio=5.7 8 spored.
Ascospores uni- or biseriate, hyaline, smooth, aseptate, allantoid
to somewhat fusiform with rounded-ends, 12-20%3.5-5.5um
(x=15.2+1.7%x4.2+0.5um), L/W ratio=3.6. Hyphae hyaline,
smooth, septate, branched, 1-5um diam. Conidiomata acervu-
lar, scattered or in groups, black. Setae not observed.
Conidiophores formed in clusters, hyaline, smooth, cylindrical,
septate, occasionally branched, 8-37x2-5.5um (x=15.7+6.5
x3.7£0.7um), L/W ratio=4.2. Conidiogenous cells hyaline,
smooth, cylindrical to ampulliform, 6.5-27%2.5-4.5um (x=15.
3+4.7X3.4+0.6um), L/W ratio=4.4. Conidia hyaline, aseptate,
smooth, cylindrical, pyriform to clavate, mostly straight, some-
times curved, rounded at both ends, with no visible scar at base,
9-17.5X4.5-6.5um (x=12.3+1.9X5.4+0.5um), L/W
ratio=2.3. Appressoria solitary, medium to dark brown, smooth,
mostly ovoid, but sometimes irregular in shape, with entire to
undulate margins, 7.5-13X4.5-9um (x=9.4+1.3X 6.7+ 1.1 um),
L/W ratio=1.4.

Culture characteristic: colonies on OA fast-growing 58mm
diam. after 7days, flat with slightly undulate edge, aerial my-
celium felty, with patches of orange conidial masses, salmon
to apricot centrally, surrounded by white periphery; reverse
salmon with white margin. On PDA 56 mm diam. after 7days,
low convex with entire edge, aerial mycelium felty, fuscous
black, surrounded by rosy buff area and white margins; reverse
as for the surface. On SNA 56 mm diam. after 7days, flat with
entire edge, aerial mycelium feathery to felty with some central
black tufts, surface and reverse white. Sporulation abundant on
OA, scarce on PDA, and absent on SNA.

Notes: C. philodendrifolium is represented by a single isolate,
that formed a distinct branch (48/0.99) relative to C.actinidi-
cola, C. spicati and C. celtidis. The sexual morph was observed in
COAD 3513 but notin any other isolate obtained during our sam-
pling. Sexual morphs of C. actinidicola, C. celtidis and C. spicati
were also not reported in the original descriptions of those spe-
cies (Tennakoon et al. 2021; Zheng et al. 2022; Norphanphoun
et al. 2025). Nevertheless, Zhang, Nizamani, et al. (2023)

described the sexual morph for C. celtidis later. The comparison
of C. philodendrifolium with the morphology provided in Zhang's
description of C. celtidis and C. spicati highlighted some relevant
morphological differences. C. philodendrifolium has smaller
asci (30-60.5%x5-11um) and ascospores (12-20X 3.5-5.5um)
than those of C. celtidis (asci: 40.5-78 X 8.2-20 um; ascospores:
16.5-25X4.5-8 um) (Zhang, Nizamani, et al. 2023).

There are also morphological differences for the asexual morph.
Conidiophores of C.philodendrifolium are shorter than those
of C.spicati (up to 37um vs. up to 61 um, respectively) (Zheng
et al. 2022). In addition, C.philodendrifolium has longer co-
nidiogenous cells (up to 27um) than C.spicati (up to 2.6 pm)
(Zheng et al. 2022) and C.celtidis (up to 16 um) (Tennakoon
et al. 2021), but shorter than those of C. actinidicola (up to 40 wm)
(Norphanphoun et al. 2025).

The new species C.philodendrifolium was obtained from
P.tripartitum in Brazil, whereas C.actinidicola, C. celtidis
and C. spicati appear to be restricted to China, in association
with plants across various families. C. actinidicola was found
on symptomatic leaves of Actinidia chinensis (Actinidiaceae)
(Norphanphoun et al. 2025). C. celtidis was originally found
occurring as a saprobe on dead leaves of Celtis formosana
(Cannabaceae). More recent reports describe it in association
with Rhododendron simsii (Ericaceae), Magnolia denudata
(Magnoliaceae) (Zhang, Nizamani, et al. 2023), and as the
causal agent of leaf anthracnose on plum (Prunus salicina,
Rosaceae) (Wang et al. 2024). Isolates of C.spicati were ob-
tained as endophytes from the stem of Myriophyllum spicatum
(Haloragaceae) and from the roots of Potamogeton wrightii
(Potamogetonaceae) (Zheng et al. 2022), both of which are
aquatic and/or semi-aquatic plants.

Additionally, the PHI test showed no significant evidence of
recombination between C. philodendrifolium and its closely re-
lated species. Thus, the combined evidence from phylogenetic
analyses, morphological differences and the absence of recom-
bination supports the recognition of this taxon as a novel species
within the C. boninense species complex.

3.5 | Pathogenicity Tests

All isolates included in our inoculation studies (COAD 3509,
COAD 3511, COAD 3513 and COAD 3514) were pathogenic to at
least three of the inoculated aroids (Table 1). Anthurium andrae-
anum was the only host that remained symptomless after being
inoculated with each of the isolates, including the new species
C.anthuriicola isolated from anthurium and first described
in this study. This result contrasts with those obtained for the
other test plants and was consistent regardless of the inocula-
tion method (wounded or unwounded) or inoculum type (my-
celial discs or conidial suspensions). Control unwounded plants
treated with non-colonised PDA medium or sprayed with tap
water remained healthy. Wounded control plants that received
tap water or PDA discs developed necrotic injuries only at the
damaged areas (Figures 9A,J and 10A,F,J). No Colletotrichum
colonies were obtained from necrotic tissues at the injured
points of control plants.
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FIGURE8 | Colletotrichum philodendrifolium sp. nov. (COAD 3513) from Philodendron tripartitum. Colonies on (A) oatmeal agar, (B) potato dex-
trose agar, and (C) synthetic nutrient-poor agar after 7days, in the dark at 25°C. (D) Ascomata on synthetic nutrient-poor agar. (E, F) Conidiomata
formed in vitro on Petroselinum crispum stem. (G) Ascomata. (H-J) Asci and ascospores. (K-L) Conidiophores. (M-N) Appressoria. (O) Conidia.
Scale bars—G: 50 um; H-O: 20 um.

14 of 21 Plant Pathology, 2026




“UOIIB[OSIOI [NJSSIIINS JNOYIM NG PIAIISAO §10dS Jea] :g+ ‘swojdwAs aseasip :+ swojdwAs Surpunom :p ‘swoydwAs ou :—,
“UOTISINOUT 9[PISU J[119)S B [IIM sjods uorje[noour ay) e papunom sjuefd :papunom :syuejd pagewrep jou :30eIu[,
“Te3e 95011xap 071810d JO SOSIP PASIUO[0JUN ‘Y ‘1978 PI[[IISIP LIS ‘NS [0IIU0D,
*SOSTP [RI[OOAW 2SI ‘BIPIUOI Jo uoisuadsns :*dsng,

M - M - M - M - M - M - vdad

M - M - M - M - M - M - Mas [onuo)
(¥1S€ AVOD)
" _ + _ + - + + + + M - st winydiaonan
M - M - + - + - + + M - "dsng wnyo1430321100
(€15€ AV0D)
+ _ M - + - + - M - M - sl winijofiapuapopyd
M — M - M - + - + - M - ‘dsng WNYI143012]100D
(T1S€ AV0D)
M - M - + - + + + + M - o8I DjooMMYIUD
M - M - + - + - + - M - "dsng wnyo1430321109
(60s¢€
M - + s+ + - + + + + M - > avoo) njodtaquir
M - M - + - + - + + M - "dsng wnys1430121100
pepunop\ 19BJU] PIPUNOM  JOBIU] PIPUNOA\  I9BJU]  PIPUNOM  JOBIU] PIPUNON\  19BIU]  PIPUNON  IOBIU]  q,WN[NO0U] (ae10ST)
soroads [eSung

wny1aodiig 2qui1 uoApuPOIIYJ wna.no pU0UWD WNIDINUULOD WNUDIDLPUD :

uodpuaponyd wnuwaadidg v1yovquafforq puduov)3y wnrmyjuy
porued 3sag,

‘SpIOJe [ejudiIe IO Pajdd[as OJuo [IZeld Ul 9€30k1Y [ejUsWBUIO WO.I} paule}qo S9)ejost -dds wnyd143032110) JO SUOIIBINIOUI-SSOI)) |

THTdVL

150f 21

Plant Pathology, 2026



pd
control

G VY.,

N & /)

'

w
md
C. araceiphilum

w

pd
C phllodendrlfollum control AR C. anthutiicola

s TR \ l \\/, = 5
F \-\ “\/‘, / f :
. ‘.“\ ’/, 4 25
> R S L -

w
md

" pors 2
C. imbeicqla i C phllodendnfollum ‘i | C.araceiphilum

md

AN, e

FIGURE 9 | Results of pathogenicity tests of Colletotrichum species on aroids. (A-I) Aglaonema commutatum and (J-R) Dieffenbachia amoena
plants, either unwounded (uw) or wounded (w), treated with potato dextrose agar discs (pd, control), or with conidial suspension (cs) or mycelial discs
(md) of Colletotrichum anthuriicola (COAD 3511), C. araceiphilum (COAD 3514), C.imbeicola (COAD 3509) and C. philodendrifolium (COAD 3513).
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Philodendron tripartitum plants, wounded (w), treated with potato dextrose agar discs (pd, control), or with mycelial discs (md) of Colletotrichum
anthuriicola (COAD 3511), C. araceiphilum (COAD 3514), C.imbeicola (COAD 3509) and C. philodendrifolium (COAD 3513).

Aglaonema  commutatum  (Figure  9B-I),  D.amoena
(Figure 9K-0) and E.aureum (Figure 10B-E) were susceptible
to all Colletotrichum isolates included in the test. Symptoms ap-
peared 21days after inoculation (DAI). In most cases, wounding
led to a higher frequency of anthracnose symptoms. The isolates
were successfully reisolated from such symptomatic tissues 28
DALI and colonies with the typical morphology for each species
were obtained, thereby fulfilling Koch's postulates for isolate
COAD 3514, originally obtained from A. commutatum.

Philodendron imbe was susceptible to two isolates, COAD 3514
(Figure 10G) and COAD 3509 (Figure 10H,I). Nevertheless,
symptoms only developed on plants inoculated with mycelial
discs 21 DAI. Both isolates were reisolated from wounded and
symptomatic plants 28 DAI, fulfilling Koch's postulates for
COAD 3509. Although symptoms were also observed on one
unwounded plant, inoculated with COAD 3509, unexpectedly,
the fungus could not be reisolated from the diseased tissue of
its own original host. This result remains unclear. Anthracnose
symptoms on Philodendron tripartitum were observed only on
wounded plants inoculated with C.philodendrifolium (COAD
3513), and only when mycelial discs were used as the inocu-
lum source (Figure 10K,L). Symptoms appeared 21 DAI, and

reisolations from tissues collected 28 DAI exhibited the typical
morphology of C. philodendrifolium, therefore fulfilling Koch's
postulates for this species.

4 | Discussion

Although the ITS region has been proposed as a universal DNA
fungal barcode marker (Schoch et al. 2012), it has limited util-
ity for systematic studies of Colletotrichum (Vieira et al. 2020)
and several additional markers are needed. According to Damm
et al. (2012), Vieira et al. (2020) and Bhunjun et al. (2021), frag-
ments of gapdh, his3 and tub2 are appropriate for initial di-
versity screening across most species’ complexes. Given this,
these regions were sequenced as a first step and showed that all
isolates examined belong to the C. boninense species complex
(Figure S1). To obtain better resolution and evaluate species
boundaries with respect to our isolates, four other genetic mark-
ers were sequenced and included in the multigene analyses (i.e.,
act, cal, chs-1 and ITS), as per others who have examined this
complex (e.g., Liu et al. 2022; Vieira et al. 2020; Xue et al. 2020;
Zapata et al. 2024; Zhang, Chen, et al. 2023). Individual gene
phylogenies were obtained and variable resolution among loci
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was observed (Figure S2). The gapdh and his3 regions resolved
multiple species, while act, cal and tub2 regions resolved some of
the proposed taxa with moderate support. These results showed
that individual loci contribute partially to species delimitation,
and that the partial sequences of his3, cal and gapdh improved
the resolution of the combined tree.

Although his3 and gapdh regions were not available for some
species within the C. boninense species complex, our results in-
dicated that these loci may be useful for species delimitation in
this group. The phylogenetic topology obtained from the analy-
sis excluding these regions (Figure S3) was consistent with that
inferred from the seven-locus dataset.

Species delimitation within Colletotrichum is continuously
being revised. More recently, Zhang, Nizamani, et al. (2023)
synonymised C.wuxuhaiense with C.karsti based on mor-
phological similarities and analyses of a concatenated data-
set comprising six genetic regions (ITS, gapdh, chs-1, his3,
act and tub2). However, in the original description, Zheng
et al. (2022) reported that C. wuxuhaiense produces shorter co-
nidia (10.3-15.8 um X 4.7-8.9 um) compared to C. karsti (12.5-
19.5um x 6.0-8.5um), and those two isolates formed a distinct
clade from C.karsti. Although no representatives of C.wux-
uhaiense were obtained in this study, our phylogenetic anal-
yses—based on the same six loci used by Zhang, Nizamani,
et al. (2023), with the addition of the cal region—are consistent
with the findings of Zheng et al. (2022), as isolates of C. wux-
uhaiense formed a distinct and well-supported clade (99/1)
relative to C.karsti. Therefore, re-examining and obtaining
new isolates of C.wuxuhaiense would be necessary to clarify
this issue.

Traditionally (with the exception of crops such as roses, chrysan-
themums, orchids, turfgrasses and a few other groups), ornamen-
tal plants have received limited attention from plant pathologists.
More recently, however, studies on ornamental plant diseases—
particularly anthracnoses and their aetiological agents—have
gained increasing attention (Guarnaccia et al. 2021; Talhinhas
and Baroncelli 2023; Zhang, Chen, et al. 2023).

For example, Colletotrichum species have been isolated and
identified both as endophytes (Ma et al. 2018; Tao et al. 2013)
and pathogens (Silva et al. 2021; Silva-Cabral et al. 2019; Yang
et al. 2011) on Orchidaceae, whereas C. truncatum and C. karsti
have been recognised as the causal agents of stem and leaflesions
on Begonia spp. (Begoniaceae) (Wu et al. 2022; Zhai et al. 2018).

There are reports of C. capsici and C. gloeosporioides associated
with A. commutatum in Venezuela and India (Farr et al. 2026).
On A.andraeanum, in addition to C.gloeosporioides, C.fruc-
ticola, C.orchidearum and C.siamense have been reported
to cause spathe rot, spadix rot and leaf spots in Sri Lanka
(Vithanage et al. 2021). In Brazil, C.theobromicola has been
associated with anthracnose on Anthurium flowers (Chaves
et al. 2020), whereas C. karsti has been isolated from Anthurium
sp. in Thailand (Damm et al. 2019).

There are three records of C.gloeosporioides on D.amoena in
Iran and the United States; however, these are old records (Farr
et al. 2026) that do not include molecular-based identification or

indicate reference material deposited in fungaria, nor pure cul-
tures deposited in public culture collections. For Philodendron,
36 records of Colletotrichum are available, including the species
C.aracearum, C.gloeosporioides, C.lindemuthianum, C.orchide-
arum, C.philodendri, C.pseudoboninense and C.siamense (Farr
et al. 2026), none of which are reported in Brazil.

Although no Colletotrichum isolates were obtained from
E.aureum and S.podophyllum, there are published records of
Colletotrichum spp. associated with these hosts. C. gloeospo-
rioides has been reported on E.aureum in Brazil (Mariano
et al. 1989; Paz et al. 1998), whereas C. orchidearum has been re-
ported on this host in Iran (Damm et al. 2019). For S. podophyl-
lum, two records of C. gloeosporioides were also published, from
the United States and China (Farr et al. 2026). Nevertheless,
early records of C. gloeosporioides must be regarded as doubtful
because these were published in the ‘pre-molecular’ age, and, at
that time of publication, C. gloeosporioides was used as a collec-
tive name for anthracnose fungi.

Our inoculation results indicated that A.commutatum and
D. amoena are susceptible to various species of Colletotrichum.
All isolates involved in the study were able to infect and cause
symptoms on their leaves, both on unwounded and wounded
plants. E. aureum was also susceptible to all isolates; how-
ever, only wounded leaves became infected. This reaction
has been previously observed in our earlier study involving
leaf spots on golden pothos. In that instance, Cercospora iso-
lates could cause disease only on wounded E. aureum leaves
(Pereira et al. 2024), suggesting that Cercospora, and now
also Colletotrichum, require wounds to infect the tissues of
this host. This also implies that this aroid species possesses
some level of resistance conferred by physical and/or chem-
ical barriers at the epidermis level. Similar indications were
obtained from inoculations of P.imbe and P.tripartitum, as
Colletotrichum isolates were only capable of causing anthrac-
nose symptoms on wounded plants.

Under experimental conditions, leaves of A.andraeanum re-
mained healthy regardless of inoculation methods or the type
of inoculum used. Based on this, we hypothesise that specific
predisposing factors may be required for the development of an-
thracnose on A.andraeanum, particularly sun scorch damage
preceding infection by Colletotrichum spp. There was an earlier
indication from a study by our research group, involving inoc-
ulations of Colletotrichum isolates obtained from anthracnose
on anthurium (unpublished data), which failed to reproduce the
striking blight symptoms observed in the field. This assumption
was based on repeated field observations of anthracnose occur-
ring on anthurium plants that were growing directly exposed to
the sun, whereas nearby plants growing in the shade had little
to no disease symptoms. These observations have been made at
several locations and possibly mirror the adaptation of anthur-
ium to its original habitat in the understorey of the forests in the
upper Amazon (Liu et al. 2024). Additional experiments under
controlled conditions may fully clarify this hypothesis in the fu-
ture. A similar contrast between sun-exposed and shaded plants,
with severe anthracnose developing only under full sun expo-
sure, was also observed for P. imbe at the type locality of C. imbe-
icola during our observations in Rio de Janeiro. The connection
between anthracnose intensity and sun exposure (or high light
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intensity) has been documented for other crops, including avo-
cado (Persea americana), the ornamental plant Euonymus for-
tune, hot pepper (Capsicum annuum), strawberry (Fragaria X
ananassa) and tea (Camellia sinensis) (Gao et al. 2021; Ningen
et al. 2005; Smith et al. 2023; Tinyane et al. 2018; Ye et al. 2024).
Depending on the rate and exposure time, ultraviolet radiation
(UV-A, -B and -C) can have positive effects on disease resistance
(Mmbando 2023), but may also induce stresses, leading to severe
damage to DNA, proteins, other cellular components and tissues
(Miiller-Xing et al. 2014; Vanhaelewyn et al. 2020), thereby cre-
ating potential entry points for pathogens. This hypothesis re-
mains to be tested, particularly in the case of A.andraeanum
and Philodendron spp. The possibilities of the Colletotrichum
spp. described here to function as either saprophytes or endo-
phytes, in association with their original hosts and other aroids,
should also be investigated. Our inoculation studies indicate that
Colletotrichum spp. associated with Araceae are mostly polyph-
agous within the family and capable of colonising and causing
disease in a range of different genera. This pattern appears to
be common for the genus, as exemplified by C. orchidearum (as
C. aracearum) attacking Monstera deliciosa and Philodendron
selloum in China (Hou et al. 2016), and C. siamense causing leaf
spots on Alocasia macrorrhiza, M. deliciosa, Philodendron bip-
innatifidum in China (Huang et al. 2021; Liu et al. 2021; Ning
et al. 2022), as well as on Amorphophallus paeoniifolius in India
(Prasad et al. 2017). Additionally, the isolation of more than one
Colletotrichum species from a single Araceae host suggests that
this is common for anthracnose fungi on aroids, as in the case of
C.siamense and C. tropicale causing anthracnose of Syngonium
podophyllum in China (Cui et al. 2025), and C. brevisporum and
C. musicola causing leaf anthracnose of Colocasia esculenta in
Mexico (Vasquez-Lopez et al. 2019).

This information is particularly relevant for the management
of anthracnose on aroids because neighbouring members of
the Araceae in commercial plantations (even if belonging to
distantly related species) may serve as inoculum reservoirs
for infection of healthy plants. Moreover, our results highlight
that defences at the epidermal level may be of great importance
against aroid anthracnose and protection, be artificially induced
injuries often allowed the disease to establish. Thus, protection
against plant tissue injury (particularly sun scorch) may be crit-
ical for avoiding problems with aroid anthracnose.

Many ornamental plants are affected by Colletotrichum
(Guarnaccia et al. 2021; Zhang, Chen, et al. 2023), and in the
family Araceae Colletotrichum spp. have been reported to
cause anthracnose on members of Alocasia, Amorphophallus,
Anthurium, Dieffenbachia, Epipremnum, Monstera,
Philodendron, Rhaphidophora, Spathiphyllum, Syngonium,
among others (Talhinhas and Baroncelli 2023). In Brazil,
Colletotrichum spp. have been reported only on the following
aroids genera: Anthurium, Dieffenbachia, Epipremnum and
Heteropsis (Farr et al. 2026). However, most of the records listed
in the latter are only from disease indexes (EMBRAPA 2026;
Farr et al. 2026) and are therefore incomplete, often identify-
ing the anthracnose agent only as Colletotrichum sp., or are out-
dated from a taxonomic perspective, referring to the pathogen
as ‘Colletotrichum gloeosporioides’. Furthermore, many of these
records are unsupported by reference fungarium specimens or
pure cultures deposited in public culture collections. Future

studies, including those focused on disease management,
should include a more precise taxonomic elucidation of the fungi
involved in the anthracnose of ornamental aroids.

There are no contemporary studies focusing on Colletotrichum
spp. on Araceae in Brazil, including the use of molecular tools
for species identification. The potential for expanding the
knowledge of the mycodiversity, either on native aroids or in-
troduced cultivated taxa seems to be great, as revealed by our
brief survey, limited in time and space. Most of the sampling
performed in this present study was conducted on a single day
(20 July 2022) at a single location (e.g., the ornamental plant
nursery in the campus of the University of Vicosa). Plants
representing eight species across seven aroid genera were
collected. Of these, five species were found to be infected by
Colletotrichum spp., yielding only nine fungal isolates. Despite
the limited number of isolates, a surprisingly high diversity of
Colletotrichum was recovered, with four distinct species iden-
tified, all of which are recognised here as new to science. This
highlights the value of host family-focused surveys for uncov-
ering fungal diversity.
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Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Table S1: ppa70178-sup-0001-TableS1.
docx. Colletotrichum species, culture number, information and
GenBank accession numbers for strains used in the phylogenetic trees.
Table S2: Primers used in this study, with DNA sequences, anneal-
ing temperatures and times and references. Figure S1: Phylogenetic
tree based on Bayesian inference analysis (BI) of the rDNA internal
transcribed spacer region (ITS), glyceraldehyde 3-phosphate dehydro-
genase (gapdh), chitin synthase 1 (chs-1), actin (act) and f-tubulin 2
(tub2) sequences of members of the Colletotrichum species complexes.
Thickened branches indicate nodes with BI posterior probabilities val-
ues higher than 0.90. The tree is rooted with Monilochaetes infuscans
(CBS 869.96). Colletotrichum boninense species complex is highlighted
in green and isolates treated in this study are presented in red. Figure
S2: Phylogenetic trees inferred from maximum-likelihood analyses
based on individual loci ’!DNA ITS, gapdh, chs-1, act, tub2, his3 and cal)
of members of the Colletotrichum boninense species complex. Bootstrap
support higher than 70% are shown above the nodes. Isolates included
in this study are highlighted in red. Figure S3: Phylogenetic tree based
on Bayesian inference analysis (BI) and maximum-likelihood (ML)
of the rDNA internal transcribed spacer region (ITS), glyceraldehyde
3-phosphate dehydrogenase (gapdh), chitin synthase 1 (chs-1), actin
(act) and B-tubulin 2 (tub2) sequences of members of the Colletotrichum
boninense species complex. Thickened branches indicate nodes with
ML bootstrap support (BS) higher than 90% and BI posterior probabil-
ities (PP) values higher than 0.95. Values at nodes indicate BS values
(left, values >70%) and PP from BI (right, values > 0.9). Lower values are
indicated as ‘. The tree is rooted with C. gloeosporioides (CBS 112999
and CBS 953.97). Ex-type strains are highlighted in bold and isolates
treated in this study are presented in red.
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