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Abstract: Trunk diseases are potential threats for the grapevine industry owing to the worldwide incidence and economic impact of 
the diseases. Several fungal groups are known to be involved in these diseases. In a survey on grapevine trunk diseases in northern 
Iran, Cytospora isolates were repeatedly recovered from vines showing decline symptoms. The symptoms appeared as pale brown to 
brown streaks in longitudinal cuts of shoots. The morphological and cultural characteristics of the isolates were in agreement with the 
description of Cytospora chrysosperma. Sequence data of the ITS-rDNA region was used to further confirm the identity of the species. 
Phylogenetic analysis based on the sequence data obtained in this study and the sequences from GenBank, confirmed the morphologi-
cal identification. Our isolates were clustered together with C. chrysosperma isolates known from other woody host plant species. The 
pathogenicity assay on detached shoots of grapevines induced the same symptoms as was observed in field conditions. Although, 
C. chrysosperma is known from several woody hosts in Iran, the occurrence of this species on grapevines showing decline symptoms 
is new. The economic impact, distribution, and degree of involvement of C. chrysosperma in decline of vines in other regions of Iran 
remains to be studied. 
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Introduction
The Iranian grapevine industry plays a significant role 
in the country’s economy. According to the statistics of 
the United Nations Food and Agriculture Organization 
(FAO), the Iranian grapevine industry presently covers 
a total area of 286,000 ha, with an annual production of 
3,000,000 t (FAO 2012). The Iranian viticulture system is 
mainly traditional. The establishment of new vineyards 
is done differently compared to other countries. In Iran, 
vineyards are routinely established by direct planting of 
rooted grapevine cuttings. The grafting process is not 
a common practice.

Grapevines are susceptible to a large variety of dev-
astating diseases caused by fungi, bacteria, viruses, and 
other biotic and abiotic agents. Trunk diseases constrict 
grapevine cultivation and vineyard productivity and lon-
gevity in many countries (Mugnai et al. 1999; Mostert et al. 
2006; Arzanlou et al. 2013a). The economic importance of 
trunk diseases on the grapevine industry led to the estab-
lishment of an international council on grapevine trunk 
disease (IGTD). The aim of IGTD is to promote collabo-
ration and the exchange of information among scientists 
involved in research on grapevine trunk diseases. A bian-
nual workshop is organized by the IGTD on grapevine 
trunk diseases. The 10th workshop on grapevine trunk 
diseases was held in November 2014, in Australia. The 

term fungal trunk diseases, is attributed to the group of 
diseases whose agents are located in the mature stem 
(trunk and cordons) of grapevines. Esca and related dis-
eases caused by Phaeoacremonium and Phaeomoniella, rep-
resent historic and well-studied trunk diseases on grape-
vines (Mugnai et al. 1999; Mostert et al. 2006; Essakhi et al. 
2008; Arzanlou et al. 2013a; Arzanlou et al. 2014). Other 
diseases are caused by such fungal pathogens as Eutypa, 
Botryosphaeria, Cylindrocarpon, and Phomopsis (Phillips 
1998, 2002; Luque et al. 2005, 2006; Van Niekerk et al. 2004, 
2005, 2011; Taylor et al. 2005; Alves et al. 2008; Trouillas 
and Gubler 2010; Arzanlou et al. 2012). Grapevine trunk 
diseases are generally considered to be complex diseases 
in which a combination of fungal groups are involved 
(Mostert et al. 2006). A brief overview on the etiologic 
agents of grapevine trunk diseases is presented in table 1.  
In recent years, several other fungal groups have been 
characterised from grapevines with trunk disease symp-
toms, including: Cadophora luteo-olivacea, Macrophomina 
phaseolina, Pestalotiopsis uvicola, Verticillium dahliae, Pho-
mopsis viticola, Truncatella angustata, Fusarium spp., Cytos-
pora spp., and Acremonium spp. However, the contribu-
tion and degree of involvement for many of the above-
mentioned fungal groups in trunk-disease progress on 
grapevines remain unknown and their pathogenicity on 
grapevines still need to be tested (Trouillas and Gubler 
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2010; Arzanlou et al. 2012; Arzanlou et al. 2013b; Arzanlou 
et al. 2014).

Species of the genus Cytospora are generally known as 
the causal agents of canker (referred to as Valsa canker, 
Leucostoma canker or perennial canker) and dieback on 
woody host plant species, with rare occurrences on her-
baceous plants. Over 85 woody hosts have been listed as 
susceptible to Cytospora canker including many economi-
cally important fruit trees as well as shade and ornamen-
tal tree species in different stages of growth (Sinclair et 
al. 1987; Fotouhifar et al. 2007, 2010). Cytospora canker 
is considered to be a destructive disease on stone fruit 
trees especially on peach (Barakat and Johnson 1997). The 
pathogens infect the inner bark (secondary phloem) and 
the outer bark (periderm) (Adams et al. 2005, 2006). Some 
of the Cytospora spp. are known to have an endophytic 
life style, colonising xylem tissues in healthy woody hosts 
(González and Tello 2011).

A number of Cytospora spp. are known to have a wide 
host range, occurring on a diverse range of plant species 
e.g. C. chrysosperma and C. cincta; while others are restrict-
ed to members of one plant family or a genus e.g. C. sac-
chari and C. tritici (Adams et al. 2005, 2006). There is a lack 

of knowledge on the occurrence and contribution of Cy-
tospora species in grapevine trunk diseases worldwide. 
González et al. (2011) have listed C. chrysosperma as an 
endophyte colonising grapevine woody tissues in Spain.

Several fungal species have been reported to occur on 
grapevines in Iran and have been reviewed by Arzanlou 
et al. (2013a). The first aim of this study was to characterise 
Cytospora spp. associated with grapevine canker disease 
in northwestern Iran by means of morphological and mo-
lecular data. The second aim was to further evaluate the 
pathogenicity of the agents using a detached shoot assay.

Materials and Methods

Isolates and morphology

Wood samples were collected from grapevines with de-
cline symptoms. The symptoms included stunted growth, 
leaf yellowing and necrosis, internal wood necrosis, black 
vascular streaking or discoloured tissues (Figs. 1 and 2). 
The samples were collected in vineyards of the north-
western zone of Iran including the East and West Azer-
baijan provinces. Isolation was made following the proto-

Table 1. Fungal species known as the etiologic agents of grapevine trunk diseases

Black foot Eutypa dieback Esca/young vine decline Bot canker

Campylocarpon fasciculare 

Campylocarpon pseudofasciculare

Cylindrocarpon pauciseptatum

Cylindrocarpon liriodendra

Cylindrocarpon macrodidymum

Cylindrocarpon obtusisporum

Ilyonectria macrodidyma

Ilyonectria liriodendra

Ilyonectria alcacerensis 

Ilyonectria estremocensis 

Ilyonectria novozelandica 

Ilyonectria torresensis

Eutypa leptoplaca

Eutypa laevata

Eutypella cryptovalsoidea

Eutypella microtheca

Eutypa leptoplaca

Eutypella vitis

Eutypella spp.

Cryptosphaeria lygniota 

Cryptosphaeria pullmanensis

Cryptovalsa ampelina

Cryptovalsa rabenhorstii

Diatrype brunneospora

Diatrype oregonensis

Diatrype stigma

Diatrype whitmanensis

Diatrypella verrucaeformis

Diatrypella vulgaris

Phaeoacremonium alvesii

Phaeoacremonium angustius

Phaeoacremonium armeniacum

Phaeoacremonium australiense

Phaeoacremonium 
austroafricanum = Truneatella 
austroafricana

Phaeoacremonium cinereum

Phaeoacremonium croatiense

Phaeoacremonium globosum

Phaeoacremonium griseorubrum

Phaeoacremonium hispanicum

Phaeoacremonium hungaricum

Phaeoacremonium inflatipes

Phaeoacremonium iranianum

Phaeoacremonium krajdenii  
= T. krajdenii

Phaeoacremonium mortoniae  
= T. fraxinopennsylvanica

Phaeoacremonium occidentale

Phaeoacremonium parasiticum  
= T. parasitica

Phaeoacremonium rubrigenum  
= T. rubrigena

Phaeoacremonium sicilianum

Phaeoacremonium scolyti

Phaeoacremonium subulatum

Phaeoacremonium tuscanum

Phaeoacremonium venezuelense

Phaeoacremonium viticola  
= T. viticola

Diplodia corticola

Diplodia mutila

Diplodia seriata

Dothiorella sp.

Dothiorella americana

Lasiodiplodia crassispora

Lasiodiplodia missouriana

Lasiodiplodia theobromae

Lasiodiplodia viticola

Neofusicoccum australe

Neofusicoccum luteum

Neofusicoccum macroclavatum

Neofusicoccum mediterraneum

Neofusicoccum parvum

Neofusicoccum ribis

Neofusicoccum viticlavatum

Neofusicoccum vitifusiforme

Phaeobotryosphaeria porosa

Spencermartinsia viticola

Neofusicoccum ribis
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col described by Arzanlou and Dokhanchi (2013a, b), and 
Arzanlou et al. (2012, 2013a, b, 2014). In brief, small pieces, 
approximately 0.5 × 0.5 × 0.5 cm, were cut from the disco-
loured wood tissues and surface-sterilised for 15–20 sec  
in 70% ethanol, rinsed three times with sterile water, 
dried on sterile filter paper, and transferred to Potato 
Dextrose Agar (PDA, Fluka, Hamburg, Germany) plates 
supplemented with 100 mg ·  l–1 streptomycin sulphate 
and 100 mg ·  l–1 ampicillin. Pure cultures were established 

by employing the hyphal tip technique. The cultures 
were preserved on PDA in 2 ml microtube slants at 4°C 
in the Culture Collection of Tabriz University (CCTU). 
The morphological characteristics were examined based 
on pure cultures. Colony morphology, including colour, 
shape, and growth rate, was determined after 7 days 
of incubation on PDA at 25°C in darkness. Microscopic 
characters were studied using a smash mount technique 
with sterile distilled water, as explained by Arzanlou et al.  

Fig. 1. External and internal decline symptoms on grapevines from which only Cytospora chrysosperma was recovered: a–d – stunted 
growth and leaf necrosis in a vineyard; e–l – various types of wood necrosis and discolouration in cross sections through the 
wood
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(2007). The dimensions of microscopic structures were 
calculated based on 30 measurements for conidia mor-
phology (shape, colour, and cell number) and size (length 
and width) where possible.

Molecular identification

DNA extraction

For DNA extraction, fungal isolates were grown on PDA 
for 8 days in the dark. Fresh mycelia were collected and 
subjected to DNA extraction by using the protocol of 
Moller et al. (1992).

Sequence analysis

The ITS (International Transcribed Spacer) region, includ-
ing the 3’ end of the 18S rRNA gene, ITS1, 5.8S rDNA, 
ITS2, and the 5’ end of 28S rRNA gene, was amplified 
using the primer set V9G (Vilgalys and Hester 1990) and 
ITS4 (White et al. 1990). The reaction mixture was the same 
as for that of Arzanlou and Dokhanchi (2013a, b), Arzan-
lou and Khodaei (2012). The reaction was performed on 
a GeneAmp PCR System 9700 (Applied Biosystems, Fos-
ter City, CA) with cycling conditions consisting of 5 min 
at 96°C for primary denaturation, followed by 40 cycles 
of denaturation at 94°C for 30 sec, annealing at 52°C for  
30 sec, extension at 72°C for 60 sec, with a final extension 
at 72°C for 7 min. Sequencing of the Polymerase Chain Re-
action (PCR) products was done using BigDye Terminator 
v3.1 (Applied Biosystems, Foster City, CA) Cycle Sequenc-
ing Kit according to the manufacturer’s recommendation. 
The analysis was done on an ABI Prism 3700 (Applied Bio-
systems, Foster City, CA). Raw sequence files were edited 
manually by using SeqMan™II (DNASTAR, Madison, 
Wisconsin, USA), and a consensus sequence was gener-
ated for each of the sequences. Sequences were subjected 
to a Megablast search analysis at NCBI’s GenBank nucle-

otide database for sequence similarity. Sequences with 
a high similarity were downloaded from GenBank. The 
sequences were aligned by using ClustalW algorithm im-
plemented in MEGA 5 (Tamura et al. 2011). The automati-
cally aligned file was further checked by eye. A minimum 
number of gaps were inserted to improve the alignment. 
Phylogenetic trees were constructed using neighbour-join-
ing method with the following criteria: substitution model 
as Jukes-Cantor; gap treatment as pairwise deletion and 
transitions and transversions (with the equal ratio). The 
supports of the internal nodes of the trees were evaluated 
by the bootstrap method with 10,000 replicates. Diaporthe 
eres CBS 267 (GenBank accession number: KC343081.1) 
was used as outgroup in the phylogenetic analyses.

Pathogenicity studies

Excised shoot assay was used to evaluate pathogenicity of 
the isolates in laboratory conditions as described by Ar-
zanlou et al. (2012). In brief, 1-year old shoots, 10–15 mm 
in diameter and 25 cm in length, were cut from a healthy 
mature vein of cv. Askari. The leaves were removed and 
shoots were surface-sterilised with 70% ethanol. For inoc-
ulation, shoots were wounded 10 cm above the first inter-
node by removing the cortex with a sterile 5 mm diameter 
metal cork borer. A mycelial plug (5 mm diameter) ob-
tained from the margin of a seven-day-old fungal colony 
was placed in the wound with the mycelium facing the 
stem. The wound was wrapped with Parafilm and for the 
control shoot a plug of MEA was placed in the wound. In-
oculated shoots were placed in a plastic container contain-
ing moistened filter papers to keep the relative humidity 
high. The shoots in the containers were kept in laboratory 
conditions at 25°C with natural daylight. Shoots were ex-
amined after 28 days for disease progress. Longitude sec-
tions were made going upward and downward from the 
inoculation point with C. chrysosperma isolate. The length 
of necrosis was used as an indicator of pathogenicity. The 

Fig. 2. External and internal decline symptoms on grapevines from which together with Cytospora chrysosperma other fungal trunk 
pathogens were also recovered: a–c – stunted growth and leaf necrosis in a vineyard; d–h – various types of wood necrosis and 
discolouration in cross sections through the wood 
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experiment was carried out using four fungal isolates and 
three replicates for each treatment.

Results

Disease symptoms 

The symptoms on grapevines appeared as typical decline 
symptoms. The symptoms included stunted growth, die-
back and leaf chlorosis, and necrosis. Internal symptoms 
appeared as different degrees of wood discolouration in 
the transverse section though brown wood discoloura-

tion in sapwood was evident.  From the symptoms pre-
sented in figure 1, only C. chrysosperma was recovered. 
From the symptoms shown in figure 2, besides C. chryso-
sperma, other fungal trunk pathogens were also isolated.  

DNA phylogeny and morphology

Phylogeny inferred using the sequence data of the ITS- 
-rDNA region from the isolates obtained in this study  
(Table 2), with other Cytospora spp. from GenBank, clus-
tered our isolates with C. chrysosperma (100% bootstrap 
support value) (Fig. 3). 

Fig. 3. A neighbour-joining phylogenetic tree obtained from the ITS region and 5.8S rDNA sequence data. Bootstrap support values 
(> 65) from 1,000 replicates are indicated on the nodes. The tree was rooted to Diaporthe eres (GenBank number: KC343081.1). 
The scale bar indicates 0.05 substitutions per site

Table 2. The list of Cytospora chrysosperma isolates used for phylogenetic analysis in this study

 Collection number Country of origin

 a CCTU153  b WA, Iran

 CCTU154  WA, Iran 

 CCTU155  WA, Iran

 CCTU156  WA, Iran

 CCTU383  WA, Iran

 CCTU400  WA, Iran

 CCTU401  WA, Iran

 CCTU402  WA, Iran

 CCTU405  WA, Iran

 CCTU406  WA, Iran

a Culture Collection of Tabriz University, Iran; b West Azerbaijan province
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The cultural and morphological characteristics of our 
isolates were in full agreement with the description for  
C. chrysosperma (Adams et al. 2006). Colonies attained a di-
ameter of 40 mm after 7 days of incubation at 25 on PDA. 
Colonies were flat to slightly raised, felty, and with entire 
margins. Colony colour on the surface was a moderate 
yellowish and on the reverse the colour was a moderate 
to strong yellow to moderate orange yellow. Conidiomata 
produced abundantly on PDA after two weeks of incuba-
tion. Conidiomata were scattered, labyrinthine cytosporoid, 
with labyrinthine chambers, circular to ovoid, 1–2 mm in 
diameter. Locules were multi-chambered, and often irregu-
lar. Conidiophores were hyaline, and of two types. Type 
1 were branched and septate, 15–30 μm in length. Type 2 
were long, unbranched, and aseptate or rarely septate. Co-
nidiogenous cells were phialidic, subcylindric, and hyaline. 
Conidia were hyaline, allantoid, and aseptate, 3.5–5(4) ×  
× 1 μm, oozing out as an orange mucilaginous mass (Fig. 4). 

Pathogenicity studies 

The results of the pathogenicity assay revealed that  
C. chrysosperma is pathogenic on detached shoots of 

grapevines. The shoots were examined after 28 days 
to note the progress of the disease. Longitudinal and 
cross sections were made from above and below the in-
oculation point. Wood necrosis was evident on the in-
oculated shoots. No obvious symptoms were observed 
in the control. After removing the bark, a superficial 
brown discolouration was observed up and down 
from the inoculation points. In cross sections through 
the inoculation points, there was some wood discolou-
ration apparent in some cases. There were substantial 
differences among the isolates in the length of lesions 
induced on shoots. The isolates D and C induced the 
largest lesion areas on detached shoots with a mean 
value of 12±2.64 and 12.33±1.2 cm, respectively; while, 
the lengths of the lesion induced by isolates A and B 
were 6.50±1.04 and 7.16±1.01 cm, respectively. Pycin-
dia were developed on inoculated shoots. No fungal 
structure was observed on the control (Fig. 5). Koch’s 
postulates were fulfilled by the re-isolation of the 
causal agents from the inoculated shoots. Cytospora 
chrysoperma was recovered only from the inoculated 
shoots. No fungal growth was observed in the controls 
(Fig. 5).  

Fig. 4. Cytospora chrysosperma: a – colony morphology on PDA; b–c – cross section through conidiomata on PDA; d – conidiomata on 
bark of inoculated shoot; e–f – cross section through conidiomata developed on artificially inoculated shoot; g – conidiophores; 
h – conidia. Scale bars: c, e = 200 μm; f = 100 μm; g, h = 10 μm
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Discussion

Trunk diseases are among the most destructive diseases 
of vineyards worldwide. Several fungal groups have 
been noted on grapevines with trunk diseases symp-
toms (Table 1). In the present study, Cytospora isolates 
were isolated from grapevines displaying typical symp-
toms of decline including stunted growth, leaf chloro-

sis and necrosis. The other fungal groups isolated from 
symptomatic tissues (Fig. 2) included Togninia minima 
(asexula morph: Phaeocremonium aleophilum) (Arzanlou 
and Narmani 2014), Fusarium spp., Acremonium spp., 
and Pestalotiod fungi. Various types of internal wood 
discolouration were observed in cross sections through 
the cane and trunk. Morphological and molecular char-

Fig. 5. Pathogenicity assay using excided shoot method: a–b – pycnidium on inoculated shoot; c – superficial wood necrosis upward 
and downward from the inoculation point; d–g – disease symptoms and discoloration on inoculated shoot with Cytospora 
chrysosperma; h – control with no obvious disease symptom 
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acterization of Cytospora isolates revealed the identity 
of species as C. chrysosperma. Cytospora chrysosperma is 
known to have a wide host range with common occur-
rence on members of Salicaceae, and is rare on other 
woody angiosperms throughout the world (Gvritishvili 
1982; Hayova and Minter 1998). Fotouhifar et al. (2007, 
2010) have provided a list of the host plant species for  
C. chrysosperma in Iran. There are only a few reports 
on the occurrence of Cytospora species on grapevines. 
Fotouhifar et al. (2010) have reported C. cincta and C. leu-
costoma from grapevine in Iran. González and Tello (2011) 
have listed C. chrysosperma as an endophyte colonising 
grapevine woody tissues in Spain.

The inoculation studies carried out in this study, 
showed C. chrysosperma isolates being pathogenic on the 
excided shoot of grapevine. The results on the patho-
genicity of Cytospora spp. are controversial. On Prunus 
(Biggs 1989) and Populus species (Kepley and Jacobi 
2000), Cytospora species have proven to be highly virulent 
and destructive. However, in general, Cytospora species 
are considered as wound parasites attacking trees weak-
ened by biotic and abiotic factors (Schoeneweiss 1975, 
1983). Some of the species have an endophytic lifestyle 
colonising bark and xylem tissues of woody hosts (Fisher 
et al. 1993; Bills 1996).

After putting all of the results together, it can be said 
that C. chrysosperma is a potential pathogen on grapevine 
in Iran. Further studies on the host range, pathogenicity, 
and virulence of this species on different cultivars of Vitis 
vinifera are now required.
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