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Abstract

Ash trees (Fraxinus spp.) are one of the most important ornamental trees in the green space of cities. To evaluate the
fungi associated with decline and dieback of ash trees, the symptomatic samples from branches, trunks, and roots of two
species of Fraxinus (European Fraxinus, F. excelsior and Van, F. rotundifolia) were collected from Ardabil and Namin
during the summer and autumn of 2018-2019. From the 60 samples, 81 fungal isolates were recovered. Based on
morphological features of all isolates together with sequence data of tef-7a gene and specific primers of some Fusarium
and Neocosmospora species, 21 fungal species were identified, i.e., Alternaria, Chaetomium, Clonostachys, Cytospora,
Fusarium, Microascus, Microsphaeropsis, Neocosmospora, Peyronellaea and Phialophora. Neocosmospora solani,
Cytospora chrysosperma and F. oxysporum had the highest abundance, respectively. Pathogenicity test was performed
by excised shoot for F. cerealis, F. equiseti, F. oxysporum and N. solani excided shoot method and for C. chrysosperma
on excided shoot method and also on two years old ash saplings in greenhouse. Our results showed that all examined
species except F. cerealis and F. equiseti cause discoloration of wood texture at the inoculation site. According to our
knowledge, most of the fungal species identified in this study, are reported for the first time on ash trees worldwide.
Besides, F. denticulatum is a new record to the Iranian mycobiota.
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Figure 1. Decline symptom on ash trees. a-c. Dieback; d. decline of ash trees in the green space of Ardabil and Namin
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Table 2. Frequency and geographical origin of isolates identified from ash trees in Ardabil and Namin cities.

Taxon Number Freque  Source Origin UMA code IRAN code
of isolates  ncy (%) (Representati
ve code)
Alternaria alternata 1 1.23 Branch of Fraxinus excelsior Ardabil UM1075 -
A. infectoria 1 1.23 Root of F. excelsior Ardabil UM1085 -
Alternaria sp. 4 4.93 Branch and root of F. xcelsior and F.  Ardabil UM1086 -
rotundifolia
Chaetomium fimeti 3 3.7 Branch and root of F. excelsior and F.  Ardabil UM1145 IRAN
rotundifolia 3759C and
IRAN
3760C
C. megalocarpum 1 1.23 Root of F. excelsior Namin UM1148 IRAN
3761C
Chaetomium sp. 1 1.23 Branch of F. excelsior Ardabil UM1149 IRAN
3860C
Clonostachys rosea 1 1.23 Root of F. excelsior Ardabil UM1162 -
Cytospora 11 135 F. excelsior and F. rotundifolia Ardabil UM1163 IRAN
chrysosperma 3858C,
IRAN
3863C
Diplodia sp. 1 1.23 Branch of F. excelsior Ardabil UM1175 -
Fusarium 2 2.46 Root of F. excelsior Ardabil UM1181 IRAN
acutatum 3904C
F. acuminatum 4 4.93 Root of F. excelsio and F. rotundifolia  Ardabil UM1184 -
F. cerealis 4 4.93 Root of F. excelsior Ardabil UM1193 -
F. denticulatum 1 1.23 Root of F. excelsior Ardabil UM1196 IRAN
3901C
F. equiseti 3 3.7 Root of F. excelsior Ardabil UmM1197 IRAN
3899C
F. oxysporum 8 9.87 Root and trunk of F. excelsior and F.  Ardabil, UM1209 IRAN
rotundifolia Namin 4472C
F. redolens 1 1.23 Root of F. excelsior Ardabil UM1204 IRAN
3897C
F. subglutinans 1 1.23 F. rotundifolia Ardabil UM1232 IRAN
3900C
F. thapsinum 1 1.23 F. rotundifolia Ardabil UM1233 IRAN
3903C
F. verticillioides 1 1.23 F. excelsior Ardabil UM1234 IRAN
3902C
Microascus sp. 1 1.23 F. excelsior Namin UM1267 IRAN
3857C
Microsphaeropsis 1 1.23 F. excelsior Ardabil UM1268 -
cf. olivacea
Microsphaeropsis 1 1.23 F. rotundifolia Ardabil UM1269 -
sp.
Mucor sp. 1 1.23 F. excelsior Namin UM1270 -
Neocosmospora 13 16 F. excelsior and F. rotundifolia Ardabil, UM1218 IRAN
solani Namin 4471C
Nigrospora oryzae 6 7.4 Branch and root of F. excelsior and F.  Ardabil UM1238 -
rotundifolia
Nodulisporium sp. 3 3.7 F. excelsior Ardabil, UM1245 IRAN
Namin 3757C
Penicillium sp.1 1 1.23 F. excelsior Namin UM1250 -
Penicillium sp.2 1 1.23 F. excelsior Ardabil UM1251 -
Peyronellaea sp. 1 1.23 F. excelsior Ardabil UM1252 IRAN
3862C
Phialophora 1 1.23 F. excelsior Ardabil UM1253 IRAN
cinerescens 3765C
Sordaria fimicola 1 1.23 F. excelsior Namin UM1256 -
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Figure 2. Frequency of isolated and identified fungal genera from ash trees.
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Figure 3. Molecular identification of Fusarium spp. using species-specific primers. a. A 330 bp fragment band obtained
from amplification of Neocosmospora solani isolates using Ffusol/Ffuso2 primers on 1% Agarose gel; b. A 500 bp
fragment amplified from F. oxysporum isolates using Clox1-F/Clox2-R primers; ¢. A 389 bp fragment amplified from F.
equiseti isolates using FEF1/FER1 primers; d. A 600 bp fragment amplified from F. acuminatum isolates using FAC-
F/FAC-R primers.
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Figure 4. Phylogenetic tree constructed by Bayesian analysis based on partial tef-/a sequences of Fusarium and
Neocosmospora isolates. The tree is rooted in Atractium stilbaster CBS 410.677. Highlighted taxa represent isolates of
this study. Numbers above the branches represent posterior probabilities values (equal to or greater 0.90). The scale bar

shows 0.05 expected changes per site. T = ex-type strain.
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Fusarium redolens Wollenw., Phytopathology 3 (1): 29
(1913)
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Figure 5. Neocosmospora solani. a-b. The surface and reverse of colony on PDA after seven days; c. Long
monophialieds; d-e. Macroconidia; f. Chlamydospores; g. Microconidia (Bars ¢, =20 pm, d-e, g= 10 um).
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Figure 6. Fusarium redolens. a-b. The surface and reverse of colony on PDA after seven days; c. Short monophialide
bearing false head; d. Macroconidium; e. Microconidia (Bars = 10 pum).
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Fusarium oxysporum Schltdl., Flora Berolinensis, Pars
secunda: Cryptogamia: 139 (1824)
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Figure 7. Fusarium oxysporum. a-b. The surface and reverse of colony on PDA after seven days; c. Macroconidia; d.
Microconidia; e. Short monophialide bearing false head (Bars c-d= 20 um, e= 10 um).
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Fusarium acuminatum Ellis & Everth., Proceeding of the
Academy of Natural Sciences of Philadelphia 47:441
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Figure 8. Fusarium acuminatum. a-b. The surface and reverse of colony on PDA after seven days; c. Macroconidia; d.
Chlamydospores; e-f. Macroconidia formed on polyphialides (Bars = 10 pm).
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Figure 9. Fusarium equiseti. a-b. The surface and reverse of colony on PDA after seven days; c-d. Macroconidia; e.

Chlamydospores (Bars = 10 pm).
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Fusarium denticulatum Nirenberg & O'Donnell,
Mycologia 90: 445 (1998)
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Figure 10. Fusarium denticulatum. a-b. The surface and reverse of colony on PDA after seven days; c. Macroconidia, d.
Denticulate phialide; e. A Microconidium; f. Chlamydospores; g. Polyphialidic conidiogenous cell (Bars = 10 um).
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Fusarium verticillioides (Sacc.) Nirenberg, Mitteilungen
der Biologischen Bundesanstalt fir Land- und
Forstwirtschaft 169: 26 (1976)
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Figure 11. Fusarium verticillioides. a-b. The surface and reverse of colony on PDA after seven days; c. Microconidial
chains; d. False head; e. Microconidia (Bars ¢= 50 um, d-e= 10 um).
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Figure 12. Fusarium subglutinans. a-b. The surface and reverse of colony on PDA after seven days; c-d. The surface and

reverse of colony on PDA after 25 days; e. Branched phiahides and microconidia; f. "Rabbit ear" microconidia; g.
Macroconidium and microconidia (Bars = 10 um).
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Figure 13. Cytospora chrysosperma. a-b. The surface and reverse of colony on MEA after 20 days; c-d. The surface and

reverse of colony on PDA after seven days; e. Pycnidia on host (F. excelsior) tissue; f. Pycnidia formed on PDA medium
g. Pycnidium; h. Multilocular pycnidium; i. Conidiophores; j. Pycnidiospores (Bars f-g= 100 um, i-j= 10 um.
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Figure 14. Pathogenicity test of Cytospora chrysosperma using the excised shoot method. a-c. Incidence of symptoms in

three inoculated treatment replications, d-e. Formation of pycnidia on the branches, f. The control sample, g-h. Recovery
of fungus from inoculated branches.
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Figure 15. Pathogenicity test for Cytospora chrysosperma on the two years ash saplings. a-b. The control sample, c.
Drying of leaves of inoculated seedlings in the upper part of the inoculation site, d. Discoloration of wood texture in the
inoculated seedlings, e-g. Formation of pycnidia at the inoculation site, h-i. Recovery of fungus from inoculated branches.
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