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Oak dieback is one of the most important diseases that presently affects the Zagros oak forests (Northwest to
Southeast of Iran). The presence of Paecilomyces formosus, Biscogniauxia mediterranea, and Neoscytalidium
novaehollandiae associated with oak trees that show dieback and declining symptoms in the forests of
Kermanshah province and the molecular and pathogenic characteristics of these pathogenic isolates were
investigated. In the molecular analysis using blast search tools, all three pathogens showed homology of 100%
with the species mentioned in the GenBank. Pathogenicity tests revealed that all isolates of these three pathogens
were capable of producing cankers on detached branches and inoculated seedlings of oak trees. Our results showed
that all three species obtained from oak trees could produce cankers on excised branches of other trees. In
comparison with pathogenicity on two-year-old seedlings under drought stress, there was a significant difference
between the three species in terms of the rate of disease progression, so that B. mediterranea caused symptoms on
seedlings inoculated under drought stress in a shorter time. Paecilomyces formosus caused symptoms in a longer
period on the inoculated seedlings than the other two species. After inoculation, all cankers that extended upward
and downward from the point of inoculation were evident on stems of all inoculated seedlings. Re-isolation was
performed, and isolates were compared to original cultures providing evidence for fulfilling Koch’s postulates.
Investigation of the effect of temperature on the radial growth of pathogenic species showed that all three species
are thermophilic fungi, which may be related to warming and drought.
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Table. 1. Isolates and NCBI GenBank accession numbers of species used in this study

Species Isolate No. Location ITS
Neoscytalidium novaehollandiae NeNo3 Iran MH883623
Neoscytalidium novaehollandiae NeNo4 Iran MH883624
Neoscytalidium novaehollandiae NeNo5 Iran MH883625
Neoscytalidium novaehollandiae NeNo6 Iran MH883626
Neoscytalidium novaehollandiae NeNo7 Iran MH883627
Neoscytalidium novaehollandiae FF9 Iran MF055692
Neoscytalidium novaehollandiae GRSH80 Iran KY788097
Neoscytalidium novaehollandiae KHDS2-3 Iran MF288738
Neoscytalidium novaehollandiae NAB1 India MH428006
Neoscytalidium novaehollandiae CBS 122071 Netherlands MH863173

Neoscytalidium dimidiatum Arp2-D Turkey MK813852
Paecilomyces formosus RUF-PF1 Iran MH567069
Paecilomyces formosus RUF-PF2 Iran MH567070
Paecilomyces formosus RUF-PF3 Iran MH567071
Paecilomyces formosus RUF-PF4 Iran MH567072
Paecilomyces formosus RUF-PF5 Iran MH567073

Paecilomyces variotii DTO 63E7 Netherlands GU968668
Paecilomyces formosus LHL10 South Korea HQ444388
Paecilomyces formosus CGMCC 3.19066 China MH459158
Paecilomyces formosus 1G03 Brasil KT781078
Paecilomyces formosus y-017 China MN192158

Biscogniauxia mediterranea BiMel Iran KX061192

Biscogniauxia mediterranea BiMe2 Iran KX061193

Biscogniauxia mediterranea Bm1 Croatia MK110498

Biscogniauxia atropunctata - Spain AJ390411

Biscogniauxia mediterranea bs Iran MH298852

Biscogniauxia mediterranea 147 Taiwan EF026134

Biscogniauxia mediterranea Bx85 Italy KT253503

Biscogniauxia mediterranea Bx70 Italy KT253502
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Figure 1. Morphological features of pathogenic fungi isolated from diseased Persian oak trees:
Paecilomyces formosus: A. Conodiophore and phialide, B. Conodia, C. Chlamydospore; Biscogniauxia
mediterranea: D. Superficial stroma, Ascospores;Neoscytalidium novaholandiae: G. Conidiogenous cells
with developing conidia, H. Immature Conidia, I. Arthrospores, J, K. Moriform conidia. E-F.
Chlamydospore, G. Conidia (Bars: A, B, C, E, F, G, H, I, J and K= 16.7 pum, D = 5 mm).
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Figure 2. Neighbor-joining phylogram generated in Mega from the alignment of 29 combined I1TS1,
5.8S subunit, and 1TS2 regions of the genomic ribosomal RNA sequences of the pathogenic fungi
obtained from oak trees, using the P-distance model with complete deletion gap handling and 1000-
replication bootstrapping. Red triangles refer to isolates from Iran.
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Figure 3. Pathogenecity tests of recovered fungi from declining Persian oak trees under laboratory and
greenhouse conditions: A. Vascular extent of necrotic tissue on oak seedlings inoculated with
Paecilomyces formosus, B. Control, C. Canker caused by Paecilomyces formosus isolates on oak
detached stem of oak, D. Vascular extent of necrotic tissue on oak seedlings inoculated with
Neoscytalidium novaholandiae, E. Control, F. Canker caused by Neoscytalidium novaholandiae isolates
on oak detached stem of oak, G. Vascular extent of necrotic tissue on oak seedlings inoculated with

Biscogniauxia mediterranea, H. Control, F. Canker caused by Biscogniauxia mediterranea isolates on
oak detached stem of oak.
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Table 2. Analysis of variance of pathogenicity of Paecilomyces formosus, Biscogniauxia mediterrane,
and Neoscytalidium novaehollandiae isolates based on canker length on seedling stem under drought

stress.
df SS MS F P
Treatment 3 2.345 0.782 312.367 * 0.00001
Error 4 0.010 0.003
Total 7 2.355
CV=24.4*
Mean of canker Length
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Figure 4. Grouping of Paecilomyces formosus, Biscogniauxia mediterranea, and Neoscytalidium
novahollandiae isolates based on average of canker diameter created on oak seedling plants under
drought stress using Duncan’s test at 5 % level.
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Table 3. Analysis of variance of pathogenicity of isolates of Paecilomyces formosus, Biscogniauxia
mediterranea, and Neoscytalidium novaehollandiae based on calculated days for drying oak seedlings
under stress.

df SS MS F P
Treatment 2 190.333 95.167 571 0.00001
Error 3 0.500 0.167
Total 5 190.833

Cv=19.2*

Mean of days for symptoms
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Fig. 5. Grouping of Paecilomyces formosus, Biscogniauxia mediterranea, and Neoscytalidium
novahollandiae isolates based on average of days calculated for drying oak seedling plants under drought
stress using Duncan’s test at 5 % level.
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