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Abstract
Disease problems on Camellia plants caused by fungi and oomycetes, including
anthracnose, canker, dieback or root rot, can affect their ornamental or productive
value, even leading to plant death. Recent studies have reported more than 500 fungal
species associated with Camellia spp., which exceeds the number of common diseases
known in this host. Thus, from 2017 to 2019, decayed camellia plants and soils from
different areas in Galicia, in northwest Spain, were analyzed with the objective to
isolate and identify fungal species by morphological and molecular methods. Of the
twenty-four species identified, 15 of them were new detections. To our knowledge,
this is the first report of all these species on Camellia in Spain and the first detection of
seven of them in the world. Further research is needed to determine the importance
of these fungi on Camellia species and cultivars.
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INTRODUCTION
Camellia species have been long and widely used for tea and oil production and
also because of their great ornamental value. Disease problems on Camellia plants
caused by fungi and oomycetes can affect their productive or ornamental value, even
leading to plant death.
In Spain, the main diseases affecting this host are Ciborinia camelliae and
Phytophthora ramorum, both included in the European Plant Protection Organization
A2 Pest lists (EPPO, 2019). Ciborinia camelliae is an aerial disease that exclusively
affects camellia flowers, whereas Phytophthora ramorum causes leaf spots, twig blight,
and cankers. In addition, there are many other aerial diseases caused mostly by the
genera Colletotrichum, Phyllosticta, Neofusicoccum, Diaporthe or Pestalotiopsis,
producing anthracnose, leaf spot, canker and dieback. Regarding root rot diseases,
mainly three pests are involved: Phytophthora cinnamomi, Armillaria mellea and
Rosellinia necatrix (Figure 1).
The development of molecular tools has revealed an unexpected fungal
diversity. Recently, a number of novel taxa have been established and many cryptic
species were identified by molecular phylogeny. In fact, recent studies have reported
more than 500 fungal species associated with Camellia spp. Thus, the aim of this study
was to isolate and identify pathogens from Camellia symptomatic plants by molecular
and morphological methods.
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Figure 1. External symptoms caused by fungi or oomycetes in Camellia plants. a: decayed
Camellia plant; b: nursery plants affected by Phytophthora sp.; c: symptoms caused by Ciborinia
camelliae; d: water-soaked lesions caused by Phytophthora ramorum; e: symptoms of gray blight caused
by Pestalotiopsis-like species. f: aerial symptoms caused by Botryosphaeriaceae species; g: canker
produced by Botryosphaeriaceae species.

MATERIAL AND METHODS
Fungi and oomycetes isolation
From 2017 to 2019, 112 samples of decayed Camellia plants including soils
arrived at the laboratory of Estación Fitopatolóxica Areeiro in order to identify the
cause of their disease. Symptomatic samples were disinfected and dried. Tissues were
cut from the margin of lesions and placed onto different agar media plates: 2% Malt
Extract Agar (MEA, Difco) amended with 0.5g/L streptomycin sulfate (MEAs), PARPNH
agar (Jung and Blaschke 1996; Jung 2009) and Komada medium (K) (Komada 1975).
Plates were sealed with Parafilm and incubated at 22ºC in the dark for 1 month. Fungi
pure cultures were made by transferring hyphal tips to clean Potato Dextrose Agar
(PDA, Difco) whereas oomycetes pure cultures were transferred also onto V8 agar
plates.
In addition, some samples like flowers, leaves and shoots were placed over a
moist chamber to enhance fungi sporulation.
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Specific baits with young leaves of avocado and carnation petals that floated
over flooded soil were used to isolate Phytophthora and Pythium species from soil
samples. Infected brownish leaflets, which usually appeared after 3-7 days were
controlled for presence of sporangia using a light microscope. Positive leaflets were
blotted dry and plated onto PARPNH agar and incubated at 22ºC.
Morphological and molecular identification
For morphological identification, the isolates were grown on PDA, PNA (pine
needle agar) and V8 agar to study colony morphology and microscopic features of all
different taxa (conidia, conidiomata, sporangia, and chlamydospores). Observations on
morphological features were made with a Nikon optical microscope and
measurements with the imaging Software NIS-Elements 5.11 (Nikon).
For molecular identification, the genomic DNA was extracted from 2-to-7-dayold colonies and mushrooms using a commercial kit. Different molecular markers were
amplified and sequenced, including calmodulin (cmdA), histone H3 (his3), the internal
transcribed spacer region (ITS), 28S large subunit (LSU) nrDNA, RNA polymerase II
second largest subunit (rpb2), translation elongation factor 1-alpha (tef1) and βtubulin (tub2). The selected gene regions were amplified on thermal cycler and
amplicons were sequenced in both directions (forward and reverse). Then, consensus
sequences were compared with homologous sequences using the BLASTn search of
the NCBIs Genbank nucleotide database. Phylogenetic analyses of nucleotide
sequences were performed to confirm the identification of the isolates.
For detection and identification of Armillaria species from soil samples a
molecular analysis by nested-PCR/RFLP (Escofet et al., 2006) was carried out.
RESULTS
A total of 166 isolates were obtained from camellia symptomatic plants.
Identification was carried out by molecular techniques in combination with their
cultural and morphological characteristics. Isolates were clustered into 14 different
genera and 24 species were identified.
Several common pathogens, such as Armillaria mellea, Botrytis cinerea,
Ciborinia camelliae, Fusarium oxysporum, F.solani, Phytophthora cinnamomi,
P.ramorum, Pithyum sp. and Rosellinia necatrix were detected.
In addition, 15 new species were identified: Boeremia exigua, Colletotrichum
camelliae, C.fioriniae, C.godetiae, Diaporthe amygdali, D.eres, D.foeniculina, D.rudis,
Dothiorella iberica, Ilyonectria liriodendri, Pestalotiopsis chamaeropis, P.portugalica,
Phyllosticta capitalensis, Phytophthora cactorum and P.multivora. (Table 1).
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Table 1: Fungi and oomycetes species detected in decayed camellia plants.
N
º

GENUS

SPECIES

SOURCE

1

Armillaria

A. mellea

mushrooms, roots and
soil

2

Boeremia

B. exigua

leaves

3

Botrytis

B. cinereal

leaves and shoots

4

Ciborinia

C. camelliae

flowers

5

Colletotrichum

C. camelliae; C. godetiae;
C. fioriniae

leaves and shoots

6

Diaporthe

D. amygdali; D. eres;
D. foeniculina; D. rudis

leaves, shoots, wood and
roots

7

Dothiorella

D. iberica

shoots

8

Fusarium

F. oxysporum; F. solani

roots

9

Ilyonectria

I. liriodendra

roots

10

Pestalotiopsis

P. chameropis; P. portugalica;
Pestalotiopsis sp.

leaves and shoots

11

Phyllosticta

P. capitalensis

leaves

12

Phytophthora

P. cactorum; P. cinnamomi;
P. multivora; P. ramorum

shoots, roots and soil

13

Pythium

Pythium sp.

roots and soil

14

Rosellinia

R. necatrix

roots

DISCUSION
This study registered a total of 24 fungi and oomycetes associated with
Camellia decay. Several common pathogens affecting camellia plants, including
Armillaria mellea, Botrytis cinerea, Ciborinia camelliae, Phytophthora cinnamomi,
P.ramorum or Rosellinia necatrix, were reported in previous works carried out in
Galicia. In addition, a total of 15 new species within six genera were detected:
Boeremia, Colletotrichum, Diaporthe, Ilyonectria, Pestalotiopsis, Phyllosticta and
Phytophthora, causing aerial and root rot diseases.
Regarding aerial diseases, anthracnose caused by species of the genus
Colletotrichum spp. is one of the most serious diseases found in camellia plants, whose
infected leaves have water-soaked lesions that get larger and become necrotic. Recent
studies state that a single host plant can be infected by multiple Colletotrichum species.
This was confirmed in this work, where at least three species -- Colletotrichum
camelliae, C.fioriniae, and C.godetiae -- were identified affecting camellia leaves and
shoots.
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Camellia leaf spot is mainly caused by Phyllosticta and Pestalotiopsis-like
species. Phyllosticta capitalensis is an endophyte with a worldwide distribution. It is
present in 70 plant families and considered a weak plant pathogen. Recently, it was
detected as an agent causing leaf spot disease on tea leaves in China, producing small
lesions with reddish brown edges on leaves.
Pestalotiopsis-like species can cause a great variety of diseases in Camellia
including leaf spots, gray blight and severe chlorosis. Traditionally, taxonomy of
Pestalotiopsis was limited to naming species according to the host, but the use of
molecular data in resolving Pestalotiopsis-like species was recently reviewed. Thus,
two new genera were established: . Neopestalotiopsis and Pseudopestalotiopsis .
Some 67 Pestalotiopsis-like species have been found in Camellia spp. so far. At least
two species were identified in this work: Pestalotiopsis chameropis and P.portugalica.
However, some isolates could not be assigned to any known or formally described
species, so more studies are needed to determine the identity of these isolates
(“Pestalotiopsis sp.”).
Diaporthe spp. are responsible for diseases on a wide range of plant hosts, such
as dieback, cankers, leaf spots, blights, decay and wilt. Diaporthe species affecting
Camellia japonica were also detected in Northwest Spain, and on the basis of their
morphological characteristics they were identified as Phomopsis camelliae-japonicae.
Nevertheless, recent works showed that there was a high diversity of Diaporthe
species affecting ornamental plants. The present work states that there are at least
four species involved in Camellia dieback: Diaporthe amygdali, D.eres,
D.foeniculina,and D.rudis.
Species of the family Botryosphaeriaceae are important pathogens of trees and
other woody plants. Various disease symptoms have been associated with infection by
species in the family, including cankers, dieback and blight of individual plant parts or
entire trees. In Galicia, four species -- Botryosphaeria dothidea, Diplodia seriata,
Neofusicoccum luteum and N.parvum – have been detected in camellia. This work has
identified one more, Dothiorella iberica, associated with twig and branch dieback. This
species had been isolated from 12 host genera from six host families but not from
camellias yet.
In addition, Boeremia exigua, the last aerial fungus of the new detections, is a
ubiquitous soil-borne saprobe, a weak pathogen or wound parasite associated with
stem and leaf lesions in a wide range of host plants, but there is no evidence of the
role it plays in Camellia spp.
As regards the rot pathogens detected, Ilyonectria liriodendri is considered one
of the major threats to grapevine, causing vine death in young vineyards and other
hosts such as Actinidia sinensis. This pathogen was isolated from Camellia roots, but
there is no evidence of the presence of Ilyonectria species in Camellia plants so far.
Phytophthora species are well known as destructive plant pathogens and have
contributed to the worldwide decline and dieback of Mediterranean trees and forest.
In ornamental plants, they are responsible for causing extensive losses. Phytophthora
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cactorum is found worldwide on over 250 plant species in at least 150 genera, and
their pathogenicity has been widely demonstrated. Our finding contributes to
increasing the known host range of this species, because this oomycete had not been
previously reported on Camellia plants. Phytophthora multivora is emerging as a

Figure 2. Cultural and microscopic characteristics of some cultures isolated from camellia. a-b:
front and reverse of Colletotrichum fioriniae growing on PDA agar plate; c: conidia of Pestalotiopsis
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portugalica; d: alpha, beta and gamma conidia of Diaporthe foeniculina; e: pycnidia of Diaporthe sp.
growing on PNA; f: PDA culture of Phytophthora multivora; g: PDA culture of Boeremia exigua; h:
deciduous sporangia of Phytophthora cactorum; i: chlamydospores of Ilyonectria lirodendri; j: colonies of
Ilyonectria sp. growing on MEAs; k: dark and septate conidia inside pycnidia of Dothiorella iberica; l:
pycnidia of Phyllosticta capitalensis growing on Camellia leaves.

signiﬁcant pathogen with a wide host range and widely distributed in nurseries, the
urban environment and natural ecosystems. It causes ﬁne feeder root damage and
stem girdling lesions often leading to the death of its host.
Before its description in 2009, P.multivora had routinely been misidentiﬁed as
P.citricola. Hence its global distribution, while already widespread, may still be
underestimated. In camellia there is only one report of P.citricola, causing leaf spots
and no records of P.multivora. In this work, both species, P. cactorum and P. multivora
were detected but only from soil samples. Therefore, further studies of their plant
pathogenicity are needed.
As a conclusion, advances in molecular tools let us identify at least 24 species
from 166 isolates. To our knowledge, this is the first report of 15 species on Camellia in
Spain: Boeremia exigua, Colletotrichum camelliae, C.fioriniae, C.godetiae, Diaporthe
amygdali, D.eres, D.foeniculina, D.rudis, Dothiorella iberica, Ilyonectria liriodendri,
Pestalotiopsis chamaeropis, P.portugalica, Phyllosticta capitalensis, Phytophthora
cactorum and P.multivora. It is also the first detection of seven of them in the world:
Boeremia exigua, C.fioriniae, Diaporthe amygdali, Dothiorella iberica, Ilyonectria
liriodendri, Phytophthora cactorum and P.multivora. However, further research is
needed to know the importance of these fungi on Camellia species and cultivars.
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