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Abstract

Colletotrichum is a fungal genus, comprising many plant pathogens that pose a significant threat to agriculture globally,
however, their diversity and host range on Australian native plants remain poorly understood. Colletotrichum pyricola, first
described as a fruit rot pathogen of Pyrus communis (common pear) in New Zealand, has also been reported in Australia,
but its broader host range and potential biosecurity risk remain unknown. In this study, pathogenicity bioassays revealed
that Co. pyricola can infect a range of Australian natives, including Banksia burdettii, Clematis aristata, Eucalyptus cae-
sia, and Leptospermum grandifolium, as well as fruit trees, Malus domestica (apple) and Persea americana (avocado).
Detached-leaf pathogenicity bioassays using both wound and non-wound inoculation showed Co. pyricola was also able
to cause disease symptoms on a range of eucalypt species (Adngophora, Corymbia, and Eucalyptus). Additionally, the re-
isolation of Co. pyricola from asymptomatic, non-wounded tissues and microscopic observation of appressoria support
a latent or hemibiotropic lifestyle. Therefore, these asymptomatic infections may allow the fungus to persist undetected
across hosts and environments, facilitating long-term dispersal. These findings expand the known host range and potential
geographic distribution of Co. pyricola in Australia, highlighting the importance of understanding fungal pathogens in
native plant communities.
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Introduction

The ‘eucalypts’ are a group of closely related genera
(Angophora, Corymbia, and Eucalyptus) that belong to
the Myrtaceae family. With over 800 recorded species,
eucalypts are predominantly endemic to Australia, with an
almost continuous distribution across the continent, acting
as a keystone species that defines much of the landscape
(Fensham et al. 2020). Eucalyptus, the largest genus of the
eucalypts, is widely recognised as an iconic Australian plant
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(Nicolle et al. 2025), collectively comprising 77% of Aus-
tralia’s native forested land (ABARES 2023). This genus is
also an important global commodity, being one of the most
extensively grown genera for hardwood timber (Brocker-
hoff et al. 2013). Furthermore, eucalypts have been reported
to harbour a diversity of fungi, including a wide range of
plant pathogenic fungi (Crous et al. 2019).

Plant pathogens in natural populations have coevolved
with their host and environment, typically existing in low
levels as endemic diseases without causing detrimental
damage to their host. However, environmental changes and
the movement of plants (and their pathogens) due to glo-
balisation may unbalance the plant-pathogen-environment
interaction, leading to a shift from endemic to epidemic dis-
ease or new host exposures (Anderson et al. 2004; Stenlid
and Oliva 2016; Burgess et al. 2022). Host shifts may occur
between closely related plant hosts, while host jumps may
occur due to the geographical proximity of hosts, irrespec-
tive of the hosts’ genetic relatedness (Roy 2001; Bufford et
al. 2016). Given that many crops are adjacent to or in the
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vicinity of native plants, such as forests or other remnant
vegetation, these natural pathogen populations have the
potential to cause disease on agricultural and horticultural
crops (Dentika et al. 2023). In Australia, minimal research
has been conducted into the potential for natural populations
to act as sources of infectious propagules, which may fuel
disease in surrounding cultivated systems, or vice versa.

Colletotrichum is a globally significant genus of fungi,
primarily comprising plant pathogens. These plant patho-
gens cause anthracnose on a diverse range of plant hosts,
with most crops being susceptible to one or more species
of Colletotrichum (Dean et al. 2012). This genus currently
accommodates over 300 species, which are divided into
at least 16 species complexes (Talhinhas and Baroncelli
2023). While Colletotrichum spp. associated with crops
are well studied, very little is known about their diver-
sity and pathogenicity on Australian native plants. Rela-
tively few species of Colletotrichum have been identified
on Australian native plants and verified using molecular
phylogenetics (e.g., Golzar 2009; Liu et al. 2013; Shivas
et al. 2016; Prasannath et al. 2020). Several species of
Colletotrichum have been identified on Eucalyptus spp.
globally; however, none have been formally reported
from Australia (Crous et al. 2019).

This study provides the first report of Colletotrichum
pyricola as a pathogen of fruit trees and native plants in
Australia. Pathogenicity bioassays were utilised to explore
the pathogenicity and host range of Co. pyricola acquired
from culture collections and new field collections in Victo-
ria. Preliminary pathogenicity bioassays revealed that Co.
pyricola can infect Banksia burdettii and Eucalyptus cae-
sia. This study, therefore, aims to: (i) taxonomically char-
acterise isolates of Co. pyricola from fruit trees and native
plant species in Australia, (ii) evaluate the pathogenicity of

each isolate on its host plant, and (iii) assess the host range
and aggressiveness of Co. pyricola on various Banksia and
eucalypt species.

Materials and methods
Isolates and morphological analysis

Leaves and twigs presenting symptoms of Colle-
totrichum spp., including diffuse, irregular, red-purple
lesions (Fig. 1), were collected from national and state
parks in Victoria and Queensland, Australia. Collections
were limited to plants within arm’s reach along hiking
trails. Samples were placed in paper bags, transported
back to the laboratory and stored at 4 °C until processed.
Tissue from the margin of lesions was surface sterilised
with ethanol (80% v/v) for 30 s and sodium hypochlo-
rite (~1% v/v) for 2 min and then washed three times
with sterile water. Sterile tissue was cultured (~1 cm?)
on water agar (Ajax Finechem) for 5 days and then sub-
cultured onto potato dextrose agar (PDA; Amyl Media)
or cornmeal agar (CMA; Oxoid) to promote sporulation.
Pure cultures were obtained by single-spore isolation as
described by Choi et al. (1999). All cultures were main-
tained at 25 °C with a 12 h photoperiod. Culture mor-
phology was observed on 10-day-old PDA cultures, and
isolates were tentatively identified as Colletotrichum
species based on morphology (Damm et al. 2012). Six
isolates of Colletotrichum were obtained from the Victo-
rian Plant Pathology Herbarium (VPRI), and 44 from the
Queensland Plant Pathology Herbarium (BRIP), includ-
ing one isolate previously identified as Co. pyricola
from Malus domestica (‘Jonathan’ apple; Table 1).

Fig. 1 Examples of disease symptoms (indicated by black arrows) associated with Colletotrichum pyricola: (a) Clematis aristata stem; and (b)
Leptospermum grandifolium leaves
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Table 1 Collection details of Colletotrichum pyricola isolates used in this study

Isolate Host Common name Tissue Locality Collection date
VPRI 10714 Eucalyptus caesia Silver Princess Unknown Croydon, VIC Apr. 1979
VPRI 15937 Banksia burdettii Burdett’s Banksia Unknown Monbulk, VIC 07 Jun. 1988
VPRI 43730 Persea americana ‘Hass’ avocado Fruit Shoreham, VIC 26 May 2020
BRIP 54037 Malus domestica ‘Jonathan’ apple Unknown Cottonvale, QLD 30 Mar. 1972
BRIP 76704* Clematis aristata Old man’s beard Stem Taggerty, VIC Sep. 2022
BRIP 76705* Leptospermum Mountain tea-tree Leaf Taggerty, VIC Sep. 2022
grandifolium

“Isolates collected during fieldwork

DNA extraction, amplification, and
sequencing

Genomic DNA was extracted from mycelium using a
DNeasy Plant Mini Kit (Qiagen), as per the manufacturer’s
instructions. DNA quantity and quality were assessed with
a NanoDrop™ 2000/2000c Spectrophotometer (Thermo
Fisher Scientific). DNA was then diluted to 2 ng/pulL with
autoclaved MilliQ water and stored at -20 °C.

Six loci were used for species identification: actin (act),
chitin synthase 1 (chs-1), glyceraldehyde-3-phosphate
dehydrogenase (gapdh), histone 3 (his3), the internal tran-
scribed spacers of the nuclear ribosomal DNA and the inter-
vening 5.8 S region (ITS), and beta-tubulin (fub2). The
primer pairs used for amplification and sequencing were
ACT-512F/ACT-783R and CHS-354R/CHS-79F for act
and chs-1, respectively (Carbone and Kohn 1999); GDF1/
GDRI1 for gapdh (Guerber et al. 2003); CYLH3F/CYLH3R
for his3 (Crous et al. 2004); ITS1F/ITS4 for ITS (Gardes
and Bruns 1993; White et al. 1990); and Btub2Fd/Btub4Rd
for tub2 (Woudenberg et al. 2009). Each PCR reaction mix-
ture was made to a total volume of 25 pL comprising 1 x
Hot Start Taq Master Mix (New England Biolabs), 0.5 mM
of MgCl,, 0.4 uM of forward and reverse primer, and 6ng
of DNA template. PCR amplification was performed in a
BioRad iCycler Thermal Cycler. The PCR conditions were
30 s at 95 °C, then 30 cycles of 30 s at 95 °C, 30 s at the
annealing temperature (55 °C for ITS and gapdh and 58 °C
for act, tub2, and chs-1; Weir et al. 2012), 60 s at 68 °C, and
then 5 min at 68 °C. The purification of PCR products was
performed using the QIAquick PCR Purification Kit (QIA-
GEN), following the manufacturer’s instructions. Purified
PCR products were submitted to the Australian Genome
Research Facility (AGRF, Melbourne) or Macrogen (Seoul,
South Korea) for forward and reverse Sanger sequencing.

Phylogenetic analyses
Forward and reverse DNA sequences were quality-trimmed

and aligned to produce consensus sequences using the de
novo assembly and manually edited in Geneious Prime

2024.0.3 (Biomatters Inc.). Five isolates of Co. pyricola
(Table 1) were putatively identified by the Basic Local Align-
ment Search Tool (BLAST) search of gapdh gene sequences.
All sequences, including the additional isolate already identi-
fied as Co. pyricola, were deposited in GenBank (Supplemen-
tary Table 1). Reference sequences from the Colletotrichum
acutatum species complex were obtained from GenBank
(Supplementary Table 1). Colletotrichum orchidophilum (ex-
type strain CBS 632.80) was used as the outgroup. Reference
sequences were aligned with the consensus sequences for
each locus with the MAFFT plugin version 7.490 (Katoh and
Standley 2013). Maximum likelihood (ML) trees were gener-
ated with the RAXML v. 4.0 (Stamatakis 2014) plugin. For
the ML analysis, the best-fit nucleotide substitution model
was determined using MrModelTest 2.4 (Nylander 2004).
Single-locus ML trees were built to visually assess congru-
ency across the six loci. Given the congruency, all loci were
concatenated into a single alignment, which was used to build
a multi-locus ML tree based on 1000 bootstrap replicates.
Multi-loci Bayesian inference (BI) was performed with the
MrBayes 3.2.6 (Ronquist et al. 2012) plugin in Geneious.
MrModelTest 2.4 was used to determine the best-fit nucleo-
tide substitution model for each locus. Posterior probabilities
were determined with Markov Chain Monte Carlo (MCMC)
sampling. Eight independent MCMC chains were run for 10°
generations, with tree sampling every 100 generations. The
analysis was terminated upon reaching a standard deviation
of split frequencies of less than 0.01, with the heating param-
eter set to 0.2. The burn-in phase was set to discard the first
25% of trees, with the remaining trees used to determine the
posterior probabilities (de Silva et al. 2019).

Fungal inoculum preparation and
inoculations

Conidial suspensions were made by pouring 10 ml of steril-
ised water onto 7 to 10-day-old PDA (full or ' strength) or
CMA cultures, and the mycelium was scraped with a sterile
blade. The liquid was then filtered through two layers of
sterile paper towels. Inocula concentration was measured
with a haemocytometer and adjusted to 1x 10° conidia/mL.

@ Springer



57 Page 4 of 14

A. Alcova et al.

Due to the lack of sporulation of BRIP 54037 and the waxy
cuticle of all eucalypt species tested, which made adhesion
of the spore suspension difficult, mycelial agar plugs (5 mm
diameter) from 7- to 10-day-old cultures were used for iso-
lates BRIP 54037 and VPRI 10714. Mycelial plugs were
also used for stem inoculations.

Wound and non-wound treatments were used in all exper-
iments. For the non-wound treatment, inoculum was applied
as a 6 uL droplet of spore suspension or mycelial plug to
the leaf, stem or fruit. For the wound treatment, a sterile
needle was used to penetrate the cuticle and epidermis of
the leaf, stem, or fruit skin before applying the spore sus-
pension or mycelial plug. Stem bioassays were inoculated
with a mycelial plug and then wrapped in parafilm. Control
fruits, leaves, and stems were inoculated with 6 pL of sterile
water or a sterile agar plug (CMA or % strength PDA). This
inoculation method was used in all experiments.

Pathogenicity bioassays

Bioassays were conducted on detached leaves, stems, and
in planta to establish the pathogenicity of each isolate on
its original host (Table 1). Although Co. pyricola was first
isolated from the fruit rot of Pyrus communis, its pathoge-
nicity on pear has yet to be confirmed. Therefore, bioassays
were conducted with VPRI 43730 on Py. communis fruit.
Each experiment included four replicates and one control
per treatment and was repeated three times.

Plant and fruit material

Detached leaves of Malus domestica (‘Jonathan’ apple)
and Persea americana (‘Hass’ avocado) fruit trees were
obtained from plants growing in the glasshouse. Plant bioas-
says were conducted using potted plants of Banksia burdet-
tii, Clematis aristata, Eucalyptus caesia, and Leptospermum
grandifolium purchased from local nurseries in Melbourne,
Australia. Detached stems and leaves of E. caesia were also
collected from established plants on the University of Mel-
bourne, Parkville campus. For the fruit bioassays, Malus
domestica (‘Jonathan’ and ‘Granny Smith’ apple) and Py.
communis (‘Packham’s Triumph’ pear) were purchased
from local supermarkets.

Detached leaf bioassays

Stems with approximately 10 to 20 cm of new growth were
detached from plants, and surface sterilised with 1% sodium
hypochlorite for 30-60 s, depending on the fragility of the
leaves, and then washed three times for 1 min in sterile
water. The base of the stems were trimmed to remove dried
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and damaged tissue and then placed in Falcon tubes filled
with tap water. Leaves were alternately assigned to either the
wound or non-wound treatment, with one to four inocula-
tions per leaf depending on leaf size. Falcon tubes containing
the stems were then placed in clear plastic containers lined
with moist paper towels. The experiment was conducted in
a growth cabinet (26 °C, 12 h light/dark cycle) for 10 days.
To maintain leaf turgor, stems were trimmed to remove dead
tissue, and the water was replaced every 1-2 days.

Fruit bioassay

Fruit was surface sterilised with ethanol (80% v/v) for
I min and sodium hypochlorite (~1% v/v) for 5 min and
then washed three times for 1 min in sterile water. Fruits
were placed atop sterile Petri dishes inside a clear plastic
container lined with moist paper towels. Each fruit had
one wound and non-wound treatment, on opposite sides of
the fruit. Inoculated fruits were placed in a growth cabinet
(26 °C, 12 h light/dark cycle) for 10 days.

In planta bioassays

For in planta bioassays, inoculated potted plants were main-
tained in a growth cabinet or glasshouse for up to 30 days or
until lesion development at the sites of inoculation.

Re-isolation

After the duration of each experiment, margins of lesions or
inoculation sites of asymptomatic tissue were surface steril-
ised with ethanol (80% v/v) for 30 s and 1% sodium hypo-
chlorite for 2 min, washed three times with sterile water and
then cultured on PDA. Cultures were examined after 7 days
for the growth of Co. pyricola based on culture morphology.

Cross-host pathogenicity bioassay

Cross-host bioassays were conducted on detached leaves, as
previously described, to assess the pathogenicity of VPRI
15937 on Banksia spp. and VPRI 10714 on eucalypt species.
Each experiment included four replicates and one control
per treatment for each host species and was repeated three
times. Inoculated leaves were placed in a growth cabinet
(26 °C, 12 h light/dark cycle) for 10 days. After each experi-
ment, re-isolation was performed as previously described.

Plant material

Samples of twelve Eucalyptus spp. (E. cinerea, E. dives, E.
erythrocorys, E. globulus subsp. bicostata, E. lacrimans, E.
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leucoxylon, E. macrocarpa, E. macrorhyncha, E. pauciflora
subsp. niphophila, E. rubida, E. viminalis, and E. webs-
teriana), one species each of Angophora (A. costata) and
Corymbia (Corymbia citriodora), and five Banksia spp. (B.
epica, B. integrifolia, B. marginata, B. spinulosa, and B.
victoriae) were acquired from established trees at the Uni-
versity of Melbourne, Parkville campus, or seedlings and
potted plants purchased from local nurseries in Melbourne,
Australia.

Disease assessment and statistical analyses

For eucalypt species, the leaves were imaged against a
known-distance reference. Image] software (Schneider et
al. 2012) was used to measure lesion area. The variance
in data was heterogeneous; therefore, Welch’s two-sample
t-test was performed using the t.test() function. P values of
<0.05 were considered significant. Data was plotted in R v.
4.3.2 (R Core Team 2023) using bar (geom_bar) plots with
the ggplot2 package (Wickham 2016).

Appressoria microscopy

Light microscopy of appressoria, germ tubes, and internal
light spots was used to confirm infection at 5 days post-
inoculation (dpi). Asymptomatic tissue was cut into 1 cm?
pieces and transferred to a clearing solution of 100% etha-
nol and acetic acid (1:2, v/v) for 824 h, depending on leaf
thickness. Once cleared, the tissue was transferred to clean
water for at least 1 min before staining with Trypan Blue for
1-2 h. The tissue was de-stained in ethanol (80% v/v) for
5 s before mounting on a slide with lactic acid. Appresso-
ria and other infection structures were imaged with a Leica
DM6000 LED compound microscope, with bright field
optics and photographed with a Leica DMC2900 camera
and Leica Application Suite X (LASX) software.

Results
Phylogenetic analyses

Six isolates were tentatively identified as Colletotrichum
pyricola from the Colletotrichum acutatum species com-
plex, based on the closest matches obtained from a BLAST
search of gapdh gene sequences. The concatenated align-
ment used for phylogenetic analyses was a total of 2,170
characters (act: 1-219; chs-1: 220-488; gapdh: 489-749;
his3:750-1,131;1TS: 1,132-1,673; tub2: 1,674-2,170), com-
prising 495 variable characters (act: 75; chs-1: 36; gapdh:
129; his3: 90; ITS: 49; tub2: 116) and 1675 invariable

characters (act: 144; chs-1:233; gapdh: 132; his3: 292; ITS:
493; tub2: 381). For ML analysis, MrModelTest determined
the best-fit model for the concatenated alignment to be the
general time reversible with gamma distribution and a pro-
portion of invariable sites (GTR+G+1). For BI, the best-
fit nucleotide substitution model for each locus based on
MrModelTest was GTR +1 for act and ITS, HKY +1 for chs-
1, and HKY + G for gapdh, his3, and tub2. The tree topology
of RAXML analysis of individual loci was congruent with
the multi-locus RAXML and BI analyses. Therefore, only
the ML tree using RAXML analysis is shown, with bootstrap
support values from ML analysis and posterior probabilities
from BI, shown at the nodes (Fig. 2). All isolates tentatively
identified as Co. pyricola formed a monophyletic clade with
maximum bootstrap and posterior probability values with
the type isolate of Co. pyricola (CBS 128531).

Pathogenicity bioassays

Koch’s postulates were fulfilled for all isolates on the origi-
nal host, except VPRI 43730 on Pe. americana. All isolates
were able to cause a lesion on their original host for the
wound inoculation treatment (Table 2; Fig. 3), except for
VPRI 43730 on Pe. americana leaves (Fig. 3f). For the non-
wound inoculation, only E. caesia (Fig. 3a) and L. grandi-
folium (Fig. 3e.) developed disease symptoms by 10 dpi.
However, despite no lesion formation for the non-wound
treatment, Co. pyricola was re-isolated from the asymp-
tomatic tissue of B. burdettii, CI. aristata, Pe. americana,
and M. domestica (Fig. 3.). Light microscopy of chloro-
phyll-cleared asymptomatic leaf tissue from the non-wound
inoculation treatments revealed appressoria formation, as
well as internal light spots (ILS) within the appressoria for
Pe. americana and Cl. aristata infected leaves (Fig. 4c;
Table 2). Fruit bioassays of Pe. americana inoculated with
VPRI 43730 were unsuccessful due to the abundance of
other Colletotrichum spp. on the fruit, irrespective of the
inoculation site across three replicates. Pyrus communis
fruit inoculated with VPRI 43730 produced severe symp-
toms at the wound site (Fig. 3h). At 10 dpi, Py. communis
fruit exhibited large brown, sunken lesions with concentric
rings of acervuli producing masses of orange conidiospores
towards the centre of the lesion. For the non-wound treat-
ment, small lesions began to develop around 16 dpi as the
fruit ripened.

Host range on eucalypt species
Colletotrichum pyricola was able to cause infection for both
the wound and non-wound inoculation treatments of most of

the species tested, as shown in Table 3; Fig. 5. However, there
was substantial variability in disease response and symptoms
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10.81 Colletotrichum pyricola SAG 60192 Embothrium coccineum, Chile
Co. pyricola RGM 3127 Cryptocarya alba, Chile
Co. pyricola BRIP 76705 Leptospermum grandifolium VIC, Australia
Co. pyricola VPRI 10714 Eucalyptus caesia VIC, Australia
100/1
Co. pyricola BRIP 54037 Malus domestica QLD, Australia Co.
pyricola
Co. pyricola BRIP 76704 Clematis aristata VIC, Australia
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Fig. 2 Maximum likelihood phylogeny based on a concatenated align-
ment of the act, chs-1, gapdh, his3, ITS and tub2 sequences. Maximum
likelihood (ML) bootstrap support values (ML>75%) and Bayesian
posterior probabilities (PP; PP>90%) are shown at the nodes (ML/PP).
Tree is rooted to Colletotrichum orchidophilum (CBS 632.80). Scale
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bar indicates 0.02 substitutions per site. Species name is followed by
isolate number, host, state, and country for Co. pyricola isolates. Type
specimens are indicated by T. Blue blocks highlight the monophyletic
Co. pyricola clade, including the type specimen (CBS 128531)
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Table 2 Qualitative assessment of lesion development following inoculation with Colletotrichum pyricola isolates on the original host

Isolate Host plant Plant organ Lesion development® Non-wound
Wound Non-wound Re-isolated” Appressoria®
VPRI 43730 Persea americana ‘Hass’ Leaves* + - + AP+ILS
Pyrus communis ‘Packham’ Fruit + + + /
BRIP 54037 Malus domestica ‘Jonathan’ Leaves* + - + AP
Malus domestica ‘Granny Smith’ Fruit + - + /
BRIP 76704 Clematis aristata Leaves* + - + AP+ILS
Stem* + - + /
BRIP 76705 Leptospermum grandifolium Leaves* + + + /
VPRI 15937 Banksia burdettii Leaves* + - + AP
VPRI 10714 Eucalyptus caesia subsp. magna Leaves* + + + /

*Indicates experiments conducted on both detached and in planta tissue

 Presence (+) or absence (-) of lesion development

b Presence (+) or absence (-) of Co. pyricola re-isolated from non-wound tissue

¢ Presence of appressoria (AP) and internal light spot (ILS) in asymptomatic non-wounded tissue. Symptomatic species not tested are indicated

by (/)

exhibited by the different eucalypt species (Fig. 5). All euca-
lypt species tested developed lesions for the wound treat-
ment, except E. erythrocorys. For the non-wound treatment,
E. cinerea, E. erythrocorys, E. globulus subsp. bicostata,
and E. viminalis did not produce any lesions. However, Co.
pyricola was re-isolated from all eucalypt species, includ-
ing from asymptomatic tissue, for both wound and non-
wound treatments. Light microscopy of chlorophyll-cleared
asymptomatic tissue from the non-wound treatment revealed
appressoria formation for all asymptomatic eucalypt species
(Table 3; Fig. 4). Furthermore, appressoria of E. erythroco-
rys (Fig. 4a), E. globulus subsp. bicostata, and E. vimina-
lis presented ILS (Table 3).

To determine the severity of Co. pyricola on different
eucalypt species, the lesion area was measured for seven
Eucalyptus species that produced measurable lesions. Euca-
lyptus lacrimans produced the largest mean lesion area for the
wound treatment, however, there was no significant differ-
ence compared with E. caesia (P>0.05; Fig. 6). This can be
attributed to the considerable variability in lesion area of E.
lacrimans, as shown by the large standard error of £0.39 cm?.
For the non-wound treatment, E. caesia produced the largest
mean lesion area, which was significantly different from all
other hosts (P<0.01). Wound inoculation treatment resulted
in significantly (P<0.05) greater disease response when com-
pared with the non-wound inoculation treatments across all
hosts. There was a significant difference in lesion size for all
hosts of the wound treatment (P<0.05), except E. caesia — E.
lacrimans, E. pauciflora — E. viminalis, E. leucoxylon — E.
pauciflora, and E. leucoxylon - E. viminalis (Fig. 6) (Table 3).

Host range on Banksia species

Disease symptoms did not develop on any Banksia spp. for
both the wound and non-wound treatments, except for B.

epica when wounded (Fig. 7). Colletotrichum pyricola was
re-isolated from asymptomatic, non-wounded leaves of B.
marginata, B. integrifolia, and B. victoriae but not B. spinu-
losa. Microscopy of the chlorophyll-cleared asymptomatic
tissue revealed appressoria development; however, further
infection structures were absent (Table 4).

Discussion

Colletotrichum species are well-known threats to agricul-
ture, yet their impact on Australian native flora remains
largely unknown. Colletotrichum pyricola was originally
reported from fruit rot of Py. communis (common pear)
in New Zealand and has since been identified in Australia
on D. odora (Shivas et al. 2016) and an unidentified host
(Zapata et al. 2024). In this study, pathogenicity bioassays
reveal that Co. pyricola infects a range of Australian native
plants, including B. burdettii and several eucalypt species,
as well as fruit tree hosts M. domestica and Pe. americana.
These findings highlight its broad host range and potential
threat to both native and agricultural systems.
Colletotrichum pyricola was re-isolated from both
wounded and non-wounded, asymptomatic tissue in the
original host and cross-host pathogenicity bioassays, in
all experiments except for B. spinulosa. This suggests
the fungus established infection within the plant tissue,
which was confirmed by visualisation of appressoria on
the leaf surface at the inoculation site. These findings
may be explained by the potential hemibiotrophic life-
style of Co. pyricola, where biotrophic infection occurs
without triggering symptoms (Prusky et al. 2013). This
is supported by the ability to cause symptoms in wound-
inoculated tissue, ruling out an exclusively endophytic
lifestyle. Alternatively, the fungus may enter a latency
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Fig. 3 Disease symptoms caused
by Colletotrichum pyricola at
wound (left) and non-wound
(right) inoculation sites, 10 days
post-inoculation: (a) VPRI 10714
on Eucalyptus caesia leaves;

(b) VPRI 15937 on Banksia
burdettii leaves; (c-d) BRIP
76704 on Clematis aristata
leaves and stems; (e¢) BRIP 76705
on Leptospermum grandifo-

lium leaves; (f) VPRI 43730 on
Persea americana leaves; (g)
BRIP 54037 on Malus domestica
leaves; (h) VPRI 43730 on Pyrus
communis fruit (left) and cross-
section (right); and (i-j) BRIP
54037 on M. domestica (‘Granny
smith’ and ‘Jonathan’ apple)

fruit (left=surface, right=cross-
section). Scale bars (a - g)=5 mm
and (h - j)=10 mm

@ Springer
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Fig.4 Light microscopy of Colletotrichum pyricola spore germination soria (AP); Internal light spot (ILS); conidia (CO); germ tube (GT);
and appressorium development 5 days post-inoculation: (a) Eucalyp- hypha (H). Scale bars=10 um
tus erythrocorys; (b) E. leucoxylon; and (¢) Clematis aristata. Appres-

Table 3 Qualitative assessment of lesion development following cross-host inoculation of Colletotrichum pyricola (VPRI 15937) on eucalypt
species

Host plant Presence/ absence of infection® Non-wound site

‘Wound Non-wound Re-isolated® Appressoria®
Angophora costata + + + /
Corymbia citriodora + + + /
Eucalyptus cinerea + - + AP
E. dives + + + /
E. erythrocorys - - + AP+ILS
E. globulus subsp. bicostata + - + AP+ILS
E. lacrimans + + + /
E. leucoxylon + + + /
E. macrocarpa + + + /
E. macrorhyncha + + + /
E. pauciflora + + + /
E. rubida + + + /
E. viminalis + - + AP+ILS
E. websteriana + + + /

 Presence (+) or absence (-) of lesion development
b Presence (+) or absence () of Co. pyricola re-isolated from non-wound tissue
¢ Presence of appressoria (AP) and internal light spot (ILS) in asymptomatic non-wounded tissue. Symptomatic species not tested are indicated by (/)

@ Springer
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Fig. 5 Disease symptoms caused by Colletotrichum pyricola (VPRI
10714) on detached leaves at wound (left) and non-wound (right)
inoculation sites, 10 days post-inoculation: (a) Angophora costata; (b)
Corymbia citriodora; (¢) Eucalyptus cinerea; (d) E. dives; (e) E. eryth-

phase, remaining asymptomatic until favourable host
or environmental conditions trigger a shift to necrot-
rophy and symptom development (Talhinhas et al.

@ Springer

rocorys; (f) E. globulus subsp. bicostata; (g) E. lacrimans; (h) E. leu-
coxylon; (i) E. macrocarpa; (j) E. macrorhyncha; (K) E. pauciflora; (1)
E. rubida; (m) E. viminalis, and (n) E. websteriana. Scale bars=5 mm

2011). Asymptomatic, or cryptic, infections may serve
as inoculum reservoirs, enabling pathogen persistence
and increasing the potential for new host infections.
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Table 4 Qualitative assessment of lesion development following
cross-host inoculation of Colletotrichum pyricola (VPRI 15937) on
Banksia species

Host plant Presence/ absence of Non-wound
infection®
Wound Non-wound Re-isolated® Appressoria®
Banksia - - + AP
marginata
B. integrifolia - - + AP
B. epica + - + AP
B. victoriae - - + AP
B. spinulosa - - - AP

@ Presence (+) or absence (-) of lesion development

b Presence (+) or absence (-) of Co. pyricola re-isolated from non-
wound tissue

¢ Presence of appressoria (AP) and internal light spot (ILS) in asymp-
tomatic non-wounded tissue. Symptomatic species not tested are
indicated by (/)

By persisting undetected across host species and within
both natural and cultivated systems, these infections can
facilitate long-term survival and dispersal (Freeman et
al. 2001; Stukenbrock and McDonald 2008; Stergio-
poulos and Gordon 2014). As a result, extended asymp-
tomatic infection in Colletotrichum species may pose
significant biosecurity risks, particularly at the interface
of native and commercial systems.

To confirm Co. pyricola as a pathogen of Py. com-
munis, fruit bioassays were conducted. Wounded fruit
developed large lesions, while non-wounded fruit
developed lesions only after ripening. Infection likely
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Fig. 6 Bar graph showing mean lesion area (cm?) measured 10 days
post-inoculation on detached leaves of Eucalyptus spp. (E. = Euca-
lyptus) inoculated with Colletotrichum pyricola under wound (W) and
non-wound (NW) treatments. Error bars represent the standard error of

occurred in unripe fruit, remaining latent until ripening,
when the pathogen transitioned to a necrotrophic life-
style, causing postharvest disease. Wounding can dis-
rupt this latent phase, triggering necrotrophic infection
and necrosis regardless of ripeness (Jiang et al. 2014).
Therefore, Co. pyricola may present a biosecurity risk to
Australia’s pear and apple industries.

In cross-host bioassays, the eucalypt species tested
showed considerable morphological variation, which may
influence host susceptibility. Many eucalypts develop a
waxy or glaucous layer that reduces water adhesion to the
leaf surface and has been shown to reduce spore germina-
tion of Phaeoseptoria eucalypti (Heather 1967). However,
infection without wounding suggests that Co. pyricola can
penetrate this protective barrier and infect leaves directly.
Since foliar characteristics, such as leaf morphology and
surface waxes, change across seedling, juvenile and adult
stages (Wirthensohn and Sedgley 1996; England and Atti-
will 2006; Vlasveld et al. 2018), further pathogenicity bio-
assays on eucalypts at different life stages would provide
insight into how susceptibility varies over time.

The wide host range of Co. pyricola also increases its
potential geographic range. The limited number of euca-
lypt species tested are collectively distributed across much
of mainland Australia, excluding the Northern Territory.
Moreover, many of these species, such as B. burdettii and
E. caesia, are commonly grown as ornamentals (Brooker
et al. 2015), which may further facilitate the dispersal and
host range expansion of Co. pyricola. Notably, isolates

h

Treatment

NW
W

H>

—t
—iQ

the mean. Significant differences among treatments were determined
using Welch’s two-sample t-test (P<0.05) and are indicated by differ-
ent letters above bars
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Fig. 7 Disease symptoms caused by Colletotrichum pyricola (VPRI
15937) on a detached Banksia epica leaf after wound inoculation, 10
days post-inoculation. Scale bar =5 mm

from B. burdettii and E. caesia were collected from orna-
mental plants growing outside their native range in Western
Australia (Western Australian Herbarium 1998).

Despite its apparent wide host range and geographic
distribution, Co. pyricola has not been reported on any
eucalypt species since its initial isolation from E. caesia
in 1979. Over 50 Colletotrichum isolates were collected
during field collections of national and state parks in
Queensland and Victoria (unpublished data). Only two
Co. pyricola isolates were identified from Clematis (BRIP
76704) and Leptospermum (BRIP 76705) in Cathedral
Ranges State Park in Victoria. Interestingly, both isolates
were isolated from plants within two meters of each other.
This finding raises questions about the distribution and
host range of Co. pyricola in Australia’s natural ecosys-
tems. However, the frequency of Co. pyricola from field
collections likely reflects the limitations of the collecting
method, not actual occurrence. Collections were restricted
to plants easily accessible along hiking tracks, meaning
eucalypts were often not accessible. Extensive field sur-
veys are needed to better understand the host range and

@ Springer

distribution of Co. pyricola, particularly in eucalypts.
Given the susceptibility of eucalypts from three genera
to Co. pyricola, many other eucalypt species may also be
susceptible. As Co. pyricola is pathogenic to species from
the Angophora, Corymbia, Eucalyptus and Leptospermum
genera in the Myrtaceae family, it may also be a serious
pathogen of this family. However, further investigation is
necessary to define its host range.

Since the report of Co. pyricola from four native plant
species in Australia, the question of Co. pyricola endemism
remains unclear. Zapata et al. (2024) identified eight isolates
of Co. pyricola from native woody plants in south-central
Chile, including Cryptocarya alba, Nothofagus obliqua,
Peumus boldus and one isolate from Embothrium coccineum
(Zapata and Opazo 2017). Zapata et al. (2024) hypothesised
that Co. pyricola was endemic to Chile; however, this is not
supported by the findings in the present study. Additionally,
one isolate of Co. pyricola was identified from an unknown
plant host in Tasmania, Australia (Zapata et al. 2024). The
known distribution of Co. pyricola in Australia, New Zea-
land and South America supports the notion that its distribu-
tion may be of Gondwanan origin (McCarthy et al. 2007;
Zapata et al. 2024). However, further work is necessary to
understand the biogeographic distribution and origin of this
species.

These results expand the known host range of Co. pyric-
ola to include temperate and sub-tropical fruit trees, as well
as Australian native plants, suggesting a potential overlap in
pathogen presence across native, agricultural, and horticul-
tural systems. Native plants may act as a source of inocu-
lum capable of infecting cultivated crops, and vice versa
(Crouch et al. 2009; Dentika et al. 2023). For example,
MacKenzie et al. (2007) reported that Co. gloeosporioides,
isolated from native oak (Quercus spp.) and grape (Vitis
spp.) in Florida, was more pathogenic to cultivated straw-
berry (Fragaria * ananassa) when native plant populations
were located closer to strawberry fields. This suggests that
selection pressures imposed by the proximity to cultivated
strawberries allowed populations of Co. gloeosporioides to
infect the cultivated hosts. Many eucalypt species persist
as remnant vegetation adjacent to agricultural or forestry
systems, increasing the likelihood of pathogen transmission
due to geographical proximity (Roy 2001).

Colletotrichum pyricola is pathogenic to a wide host
range of subtropical and temperate fruit trees and Austra-
lian native plants, including a range of eucalypts. However,
the biological niche Co. pyricola occupies within the native
ecosystems of these eucalypts is unknown. Further sampling
of native eucalypts or native plants broadly is necessary to
understand the distribution and host range of Co. pyricola,
highlighting the importance of surveying surrounding native
and remnant vegetation for plant pathogens of agricultural,
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horticultural and forestry systems. Furthermore, disease
outbreaks in commercial systems should account for poten-
tial impacts on surrounding native flora. Understanding the
diversity and overlap of fungal pathogens in native and agri-
cultural systems is critical for effective disease management
and conservation of Australia’s unique diversity of flora.

SupplementaryInformation The online version contains supplementary
material available at https://doi.org/10.1007/s13313-026-01109-x.
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