NEW AND UNUSUAL DISEASE REPORT

Phytopathologia Mediterranea (2015) 54, 1, 128-132
DOI: 10.14601 / Phytopathol_Mediterr-14686

Diplodia bulgarica, as a new pathogen and potential threat to the

apple industry in Iran
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Summary. Diplodia bulgarica has been recently identified on apple trees in Bulgaria and Iran. This fungus was
isolated from apple trees in the west of Iran, showing canker, gummosis, dieback and twig blight symptoms. To
determine its significance as a pathogen on apple, Koch’s postulates were fulfilled by stem inoculation of 2-year-
old apple trees (cv. Golden Delicious) under greenhouse and field conditions. Results confirmed D. bulgarica as a
highly virulent pathogen on apple under greenhouse and field conditions. This is the first record of D. bulgarica as
a pathogen of apple, emphasizing the need to study biological and genetic aspects of this new pathogen.
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Introduction

Apple (Malus domestica), is an important eco-
nomically horticultural crop cultivated throughout
Iran. In 2011, apple production was =2.9 million t in
Iran as the most important fruit crop after grapevine
and citrus (http:/ /www.maj.ir). Apple is damaged
by several abiotic and biotic stresses. Amongst the
fungal pathogens, Botryosphaeriaceae are common
pathogens associated with various diseases on dif-
ferent woody plants around the world (Slippers and
Wingfield, 2007; Phillips et al., 2013). Recently, 17
genera have been recognized in this family includ-
ing Diplodia (Phillips et al., 2013). Species of Diplodia
have been found in association with different disease
symptoms such as canker, gummosis, fruit rot, die-
back and twig blight (Lazzizera et al., 2008; Phillips
et al., 2012; Abdollahzadeh et al., 2013). Some Diplo-
dia species, namely D. corticola, D. mutila, D. pinea
and D. seriata, are well-known pathogens of woody
plants (Phillips et al., 2012). Five authentic Diplodia
species have been characterized on apples (Phillips
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et al., 2012; Farr and Rossman, 2014). Diplodia mutila
and Diplodia seriata are two frequent species world-
wide that cause black rot and canker of apple (Ste-
vens, 1933; Laundon, 1973; Brown and Britton 1986;
Brown-Rytlewski and McManus, 2000; Trapman et
al., 2008). Pathogenicity and virulence of these spe-
cies have been considered on various trees including
apple in different countries (Stevens, 1933; Laundon,
1973; Brown and Britton, 1986; Brown-Rytlewski and
McManus, 2000; Urbez-Torres, 2011).

In an extensive survey of the taxonomy and
phylogeny of the Botryosphaeriaceae in Iran, seven
isolates resembling Botryosphaeriaceae members
were found on apple trees showing canker, gum-
mosis, dieback and twig blight symptoms in Gah-
vareh, Kermanshah Province, West of Iran. In ISSR
and rep-PCR fingerprinting profile analyses all of
these isolates were grouped together (Abdollahza-
deh, 2009; Zolfaghari, 2012). Recent phylogenetic
analyses based on ITS and EFl-a confirmed these
representative Iranian isolates, together with three
isolates obtained from M. sylvestris in Bulgaria, as a
new species named Diplodia bulgarica (Phillips et al.,
2012). Later, this pathogen was found again on ap-
ple in West Azarbaijan Province, Iran, and identified
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as Diplodia sp. (Arzanlou and Bakhshi, 2012) and D.
bulgarica (Ketabchi and Ghosta, 2013; Nourian et al.,
2013). The purpose of the present study was to eval-
uate the pathogenicity and virulence of D. bulgarica
strains to M. domestica in Iran.

Materials and methods
Symptoms and fungal isolation

In October 2007 during a survey on the Botry-
osphaeriaceae species associated with woody plants,
various symptoms including gummosis (Figure 1c-
d), canker, dieback and twig blight were observed
in seven investigated apple orchards of Gahvareh

village in Kermanshah Province. Superficial or par-
tially immersed pycnidia were found on the trunks
and dead branches of trees (Figure la-b). Pycnidia
contained ellipsoid to ovoid, hyaline and aseptate or
dark brown and septate conidia. Seven isolates were
obtained by transferring single conidia to potato-
dextrose agar (PDA) supplemented with chloram-
phenicol (100 mg/L). Representative isolates were
deposited at the Iranian Research Institute of Plant
Protection IRAN, Tehran, Iran).

Pathogenicity trials

Pathogenicity tests were conducted in 2012 (May
to July) with two Iranian isolates (IRAN1532C,

Figure 1. Disease symptoms observed in orchards (a-d), greenhouse (e-i) and field trials (j-1). Vascular discoloration of
infected shoots (m-n). Septate and aseptate conidia of Diplodia bulgarica (0), and a 2-wk old colony of the fungus on PDA
(p). Bar = 10pum.

Vol. 54, No. 1, April, 2015 129



J. Abdollahzadeh

IRAN1548C) on 2-year-old apple trees (cv. Golden
Delicious) under greenhouse (20-30°C, RH =50-80%)
and field conditions. To expose the cambium of test
plants, wounds were made on the internodes with a
5 mm cork borer. Wounds were each inoculated with
an agar plug from 5-d-old cultures and sealed with
Parafilm to prevent desiccation. Sterile agar plugs in-
stead of mycelium plugs were used as experimental
controls. Three replicates were used for each isolate
and the control treatment. The bark was removed
and lesion lengths were recorded after 4 weeks in the
greenhouse test, and 6 weeks under field conditions.
To confirm Koch’s postulates, the pathogen was re-
covered by transferring fragments from the margins
of infected tissues to PDA.

Statistical analyses

The experiments were conducted based on ran-
domized complete block designs with three replica-
tions both in greenhouse and field trials. After ANO-
VA, lesion length means were compared with Dun-
can’s test (P = 0.05) using SPSS (ver. 18) software.

Results

Disease symptoms on apple trees including ne-
crosis, gummosis, canker, vascular discoloration of
the wood and dieback were observed (Figure 1le-n),
and all inoculated trees were dead after 6 weeks un-
der greenhouse and 8 weeks under field conditions.
Brown necrotic lesions extended both upwards and
downwards from the inoculation sites (Figure 1f-g,

Table 1. Analysis of variance on the basis of randomized
complete block design for lesion length measured in path-
ogenicity tests of Diplodia bulgarica on apple in greenhouse
and field conditions.

Sourceof o Mean Square

Variation Greenhouse Field
Replication 2 0.310™ 3.640"
Strain 2 331.510" 477.790”
Error 4 0.535 0.940
CV% 5.74 6.31

**P< 0.01; ns P> 0.05.
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Figure 2. Mean lesion lengths (cm) on apple plants inocu-
lated with Diplodia bulgarica under A) field and B) green-
house conditions based on Duncan's test. Different let-
ters show significant difference at P = 0.01. Bars represent
standard errors of means (n = 3).

k-1). The mean lesion lengths were not significantly
different (P>0.05) between isolates but showed sig-
nificant differences (P<0.05) with the controls in both
greenhouse and field trials (Table 1, Figure 2). Pyc-
nidia formed abundantly on the bark of the necrotic
lesions. To confirm Koch’s postulates the pathogen
was successfully re-isolated from the edge of the ne-
crotic lesions (Figure 1p). Pycnidia formed on dead
tissues were crushed and mounted in 100% lactic
acid and conidia were observed with a microscope
to confirm species identification (Figure 10). Control
plants remained symptomless and no fungi were re-
isolated.

Discussion

The results of this study revealed that D. bulgarica
is a virulent pathogen to apple trees in Kermanshah
Province, Iran. Moreover, pathogenicity tests con-
ducted on detached shoots of healthy Golden Deli-
cious apple and some other fruit trees under labo-
ratory conditions confirmed pathogenicity and viru-
lence of other D. bulgarica strains collected from West
Azarbaijan Province (Arzanlou and Bakhshi, 2012;
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Ketabchi and Ghosta, 2013; Nourian et al., 2013). As
discussed by Phillips et al. (2012), the pathogenicity
and virulence of some Diplodia species is controver-
sial. In the case of D. seriata, conflicting pathogenic-
ity results have been obtained on various hosts in
different geographic regions using different strains
(Stevens, 1933; Laundon, 1973; Brown and Britton,
1986; Phillips, 1998, 2000; Brown-Rytlewski and Mc-
Manus, 2000; Larignon ef al., 2001; van Niekerk et
al., 2004; Savocchia et al., 2007; Epstein et al., 2008;
Laveau et al., 2009). Our findings together with those
obtained in other studies (Arzanlou and Bakhshi,
2012; Ketabchi and Ghosta, 2013; Nourian et al.,
2013) have confirmed D. bulgarica as a highly viru-
lent pathogen of apple in Iran, thus representing a
serious threat to the apple industry in this country.
To have provide more information on pathogenic-
ity, virulence and host range of D. bulgarica, further
studies are urgently required with isolates from dif-
ferent geographic regions on all apple cultivars and
other woody plants, especially under field condition.
This is the first report regarding D. bulgarica as a
pathogen of Malus domestica in greenhouse and field
conditions.
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