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Abstract The objectives of the present study were to
identify composition of fungal communities associated
with healthy and declined oak trees and seedlings in [lam
Province, Iran, and to evaluate their role in occurrence of
the oak decline. Fungal isolates were obtained from
branches of healthy and declining Persian oak trees and
seedlings in Ilam province during summer and autumn
2014-2015. Fungal species were identified according to
both morphological and molecular characteristics
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obtained from ITS, 28S and 18S regions of ribosomal
DNA. Some fungal species such as Neoscytalidium
dimidiatum and Obolarina persica were obtained only
from branches of Persian oak trees with decline symp-
toms. The Acremonium sp., Coniochaeta sp., Cytospora
ribis, Fusarium tricinctum, Microsphaeriopsis olivacea
and Neoetophoma samarorum species were found only
in healthy trees as endophytic species. While,
B. mediterrana, Didymella glomerata, Fusarium solani
and Tricothecium roseum were isolated from both healthy
and declined trees. The F. tricinctum and T. roseum spe-
cies were found in healthy seedlings. However,
D. glomerata was isolated from both healthy and dried
seedlings. The species B. mediterrana, D. glomerata, N.
dimidiatum and O. persica showed pathogenicity on the
Persian oak seedlings in the greenhouse conditions. Fi-
nally, it could be concluded that for the first time two
species, D. glomerata and N. dimidiatum, were recorded
as pathogens associated with Persian oak. In addition,
Acremonium sp., Coniochaeta sp., C. ribis, F. solani,
F tricinctum, N. samarorum and T. roseum were recorded
for the first time as endophytic fungi on Persian oak trees.

Keywords Didymella glomerata - Neoscytalidium
dimidiatum - Oak decline - Endophytic fungi - Pathogenic
fungi - Persian oak - Quercus brantii - Zagros forests

Introduction

Oaks (Quercus spp.) are the dominant tree species pres-
ent in Zagros forest in Iran. Zagros forest is one of the
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most important forest area in Zagros mountains located
in western parts of Iran and contains about 5.2 billion
hectares of Iran’s forested area (Jazirehi and Ebrahimi
Rostaghi 2013; Sagheb-Talebi et al. 2014). Persian oak
(Quercus brantii) covers more than half of the Zagros
forest area, and is more widespread and frequent than
other species (Bordbar et al. 2010; Jazirehi and
Ebrahimi Rostaghi 2013; Hassanzad Navroodi et al.
2015). Ilam province by itself comprises about
641,000 ha of Zagros forest, and the main tree species
in these forests is Persian oak (Ahmadi et al. 2014).
During the past three decades, occurrence of oak tree
mortality has been frequently reported in many coun-
tries such as Austria, Hungary, Italy, United States,
Turkey and other regions of the world (Hammerli and
Stadler 1989; Freer-Smith and Read 1995; Thomas and
Biittner 1998; Pérez-Sierra et al. 2013; McConnell and
Balci 2014; Linaldeddu et al. 2014; Frisullo et al. 2018).
Also, the decline and mortality of oaks is one of the most
important disease of oak trees in western regions of Iran.
It has resulted in destruction of oak trees in Zagros forest
ecosystems. The disease is widespread in all forests of
Zagros from north to south especially on the southern
side of the mountain in Ilam, Lorestan, Kohgilouyeh va
Boyer-Ahmad, Fars and Kermanshah provinces (Fattahi
1994; Ahmadi et al. 2014; Mirabolfathi 2013). Symp-
toms on affected oak trees include significant mortality
in all parts of the crown, brown-black discoloration of
bark and dead branches. Therefore, production of Per-
sian oak seedlings in nurseries and their transplantation
to forests is a strategy for restoration of damaged areas
in Ilam Province, though mostly transplanted seedlings
die after a short time after moving to the forest.

Oak decline is a complex disease that is generally
caused by interactions of several biotic and abiotic fac-
tors, and the symptoms and causal factors may not be
the same in all regions (Akilli et al. 2013; Linaldeddu
et al. 2011; Moreira and Martins 2005; Ragazzi et al.
1995). Undoubtedly, biotic stresses play an important
role on occurrence of decline symptoms on their host
plants (Akilli et al. 2013). The role of fungi, as an
important factor causing decline, has been evaluated in
different regions of the world, and a high numbers of
studies have tried to determine the diversity of fungi
associated with oak decline symptoms worldwide
(Kowalski 1996; Bruhn et al. 2000; Luque et al. 2000;
Thomas et al. 2002; Balci and Halmschlager 2003;
Ragazzi et al. 2003; Kelley et al. 2009; Henriques
et al. 2012; Akilli et al. 2013; Mirabolfathi 2013;
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Linaldeddu et al. 2014). For instance, the fungal species
Botryosphaeria dothidea, Diplodia corticola, D. seriata
and Neofusicoccum parvum were isolated by
Linaldeddu et al. (2014) from trunk and branch cankers
of declining holm oak (Q.ilex). Luque et al. (2000)
reported Biscogniauxia mediterranea, Botryosphaeria
stevensii and Ophiostoma quercus from stems of cork
oak (Q. suber) with decline symptoms. Furthermore, six
species including B. mediterranea, B. corticola,
Cytospora sp., Discula quercina, Fusicoccum sp. and
Pleurophoma cava have been reported as causal agents
of canker and dieback in branches of cork oak in Tunisia
(Linaldeddu et al. 2010). B. mediterranea and
Obolarina persica have been also reported as important
agents of Persian oak decline in Zagros forests
(Mirabolfathi 2013; Mirabolfathi et al. 2013). In addi-
tion, Fungal endophytic communities are highly diverse
group of fungi that inhabit in internal tissues of living
plants without causing any immediate overt negative
effects and present in many kinds of plants (Bacon and
White 2000; Strobel and Daisy 2003; Hyde and Soytong
2008). Many studies have been performed to determine
the diversity of endophytic fungi associated with oak
trees worldwide (Faeth and Hammon 1997; Gennaro
et al. 2003; Ghobad-Nejhad et al. 2017). In addition,
the fungal species Deniquelata quercina, Cytospora sp.,
M. olivacea, Diatrype spp., Leptosphaerulina spp.,
Comoclathris sp. and Thyrostroma sp. have been report-
ed as endophytic fungi from Persian oak in Iran
(Ghobad-Nejhad et al. 2018; Alidadi et al. 2019). Nev-
ertheless, endophytes usually survive in a latent phase in
healthy tissues for the whole lifetime or for an extended
period of time, but may turn pathogenic during a change
in environmental conditions and can rapidly spread
from several infection points during their pathogenic
phase (Rodriguez et al. 2008). B. mediterranea can
spend part of its life-cycle as an endophyte in all the
aerial organs of the oak plants and then become oppor-
tunistic pathogen under water stress conditions. In those
conditions, B. mediterraneais able to rapidly colonize
the xylem and bark tissues, induces necrosis and canker
formation (Anselmi et al. 2000; Mazzaglia et al. 2001;
Linaldeddu et al. 2011; Safaee et al. 2016).

The objectives of the present study were to: a) isolate
and characterize the fungal species associated with healthy
tree and dead branches of Persian oak trees with decline
symptoms in the Zagros region, b) Isolate and characterize
fungi from healthy and dead Persian oak seedlings (in
nurseries and transplanted to the forest); and c) to



Eur J Plant Pathol (2019) 155:1017-1032

1019

determine the pathogenicity of the isolated fungal species
on Persian oak seedling in greenhouse conditions.

Material and methods
Sampling and isolation of fungi

Sampling was done from healthy and dead branches of
Persian oak trees with decline symptoms in different
forest areas of Ilam province (Forest area including
Arghavan, Tange Dalab, Chagha Sabz in Ilam County
and Forest area in Malekshahi County) as well as healthy
and dead seedlings in nurseries (located in Ilam province,
Eyvan city) and transplanted seedlings in the forests
during the summer and autumn of 20142015 (Fig. 1).
The selected regions are the most affected area by oak
decline (Forests, Range and Watershed Management

Fig. 1 The map of the Persian
oak sampling locations in the
present study (Ilam province)

Organization of Iran 2013). Several symptomatic sam-
ples were collected and placed in separate paper bags,
recorded their information and then transferred to the
mycology Lab. The samples were washed under running
tap water in order to remove dusts or other surface
contaminations, and subjected to air to be dried at room
temperature for 2-3 h. In order to eliminate epiphytic
contaminations, woody samples were disinfested by the
ethanol 70% for 30 s and by the 1% sodium hypochlorite
for 1 min, and rinsed twice by sterile water. To isolate the
associated fungi, the samples were further cut into small-
er segments (about 5 mm) in sterile conditions and paced
on 2% Water Agar (2% WA) as well as Potato Dextrose
Agar (PDA) and then incubated at 25 °C for 57 days.
Fungi purification was performed by transferring single
spores and/or single hyphal tips grown on 2% Water
Agar (2% WA) onto PDA. The purified isolates were
stored on PDA slants at 4 C for future studies.
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Morphological and molecular identifications

Morphological identifications were conducted on gen-
eral culture media, including Potato Dextrose Agar
(PDA), Oat meal Agar (OA), Malt Extract Agar
(MEA), Carnation Leaf Agar (CLA) and Synthetic Nu-
trient Agar (SNA). Macro- and micro-morphological
characteristics, such as colonies morphology, color and
diameter, and sexual and asexual states characteristics
were recorded and compared with the literature. Total
genomic DNA was extracted according to the protocol
previously described by Zhong and Steffenson (2001).
PCR amplifications were done with the primer pairs
NS1/NS4 for 18S and ITS1/ITS4 for ITS-rDNA
(White et al. 1990), and LROR/LR5 for 28S nrDNA
(Rehner and Samuels 1995). Generated sequences were
observed and edited in BioEdit V. 7.2.5 (Hall 1999) and
were subjected to BLAST search tool in the GenBank
nucleotide database. Required sequences for phyloge-
netic analysis were retrieved from GenBank and multi-
ple sequence alignments were generated using the
MAFFT version 7 web tool (https://mafft.cbre.
jp/alignment/server/) (Katoh and Standley 2013). Phy-
logenetic estimates were evaluated using the Maximum
Parsimony Analyses (MP) in PAUP version 4.0b10
software (Swofford and Sullivan 2003). Ambiguously
aligned regions were excluded and gaps were treated as
missing data. The trees were inferred using the heuristic
search option with TBR branch swapping and 1000
random sequence additions. Descriptive tree statistics
for parsimony (Tree Length [TL], Consistency Index
[CI], Retention Index [RI] and Homoplasy Index
[HI]) were calculated for trees generated under dif-
ferent optimality criteria. Maximum parsimony
bootstrap values (MP) equal or greater than 50%
are given below or above each node. All identified
species have been deposited in the Microbial of
Agriculture Biotechnology Research Institute of Iran
culture collections (ABRII CC).

Pathogenicity tests

To perform pathogenicity test, two-year-old cork
oak seedlings obtained from the field-collected
acorns (from healthy Persian oak trees in Ilam Prov-
ince, Eyvan city). The acorns were sown in plastic
bags containing peat vermiculite mixture in a 1:1
ratio. The plants were kept in a greenhouse with
temperature 25-35 °C and irrigated twice a week
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to field capacity. The age of the seedlings for the
experiment was 24 months and the mean plant size
was 20-25 cm in height with a 4-6 mm stem diam-
eter at the time of inoculation. The seedlings stems
were surface-sterilized in 10% sodium hypochlorite
for 10 min and artificially wounded (size of wound
4-5 mm). Inoculations were conducted by placing a
1-week-old 5-mm agar plug from each fungal cul-
ture and the wounded stems were wrapped with
parafilm. Control plants were treated similarly with
sterile PDA plug. All inoculated and non-inoculated
seedlings were incubated at 25 °C. The inoculated
plants examined after 1-2 months of incubation and
inspected for symptoms development. Each plant
was cut longitudinally through the point of inocula-
tion and the extent of lesion and vascular discolor-
ation was measured upward and downward from the
point of inoculation. The statistical analysis of data
was performed using a one-way analysis of variance
(ANOVA), and the means were compared using
Duncan’s test by SPSS for Windows version 17
(Chicago, SPSS Inc.) Small pieces of necrotic tissue
from the edge of each lesion were cut and placed on
PDA in an attempt to recover the inoculated fungus
and complete Koch’s postulates.

Results
Sampling and isolation

Totally, 120 samples from branches of healthy/declining
Persian oak trees in different forest areas and Persian
oak seedlings in the nursery and forest were collected.
Finally, 264 fungal isolates were obtained from
branches of trees and seedlings. From that, 164 isolates
were from trees branches (97 isolates from healthy and
67 isolates from declining trees) and 100 isolates asso-
ciated with seedlings (70 isolates from healthy and 30
isolates from died seedlings) (Figs. 2, 3 and 4).

Morphological identifications

All of the recovered isolates were investigated on the
basis of morphological features of asexual or very
rarely sexual reproduction stages, and finally were
grouped in 12 morpho-types based on the similarity
of their micro- and macro-morphological charac-
teristics. Finally, ten fungal species, including
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Fig. 2 The flowchart showing the process of sampling from healthy/declined Persian oak trees/seedling

B. mediterrana, C. ribis, D. glomerata, F. solani,
F tricinctum, M. olivacea, N. samarorum, N.
dimidiatum, O. persica and T. roseum were identi-
fied. In addition, Acremonium sp., and Coniochaeta sp.,
were identified at the genus level. Table | reports a
summarized information about morphological charac-
teristic of the identified species in the study.

The information about relative abundance and origin
of the isolates was included in the Table 3. The
N. dimidiatum and O. persica were obtained only from
Persian oak trees with decline symptoms, whereas
Acremonium sp., C. ribis, F. tricinctum, M. olivacea
and N. samarorum only from healthy Persian oak trees
as endophytic species. However, the B. mediterrana, D.
glomerata, F. solani and T. roseum were isolated from
both healthy and declining trees. In addition,
D. glomerata, F. tricinctum and T. roseum were isolated
from healthy seedlings, while D. glomerat was isolated
from all died seedlings in the nurseries and from the
seedlings transported to the forest area (Table 2). There-
fore, it could be concluded that D. glomerata was ob-
served in all healthy/declining trees and seedlings
(Fig. 5). B. mediterranea showed the highest frequency
in healthy/declining Persian oak trees (20.61% and
37.31%, respectively) whereas the D. glomerata

isolates was recovered with the highest frequency
from healthy/died Persian oak seedlings (57.14%
and 100%, respectively) (Fig. 5).

Phylogenetic analysis

The total number of 21 newly recovered isolates
representing 12 genera, 10 species were selected for
phylogenetic reconstruction using the ITS-rDNA se-
quences. The newly obtained sequences were deposited
in the GenBank (Table 3). The Maximum parsimony
trees consisted of two main clades including clad 1
(Dothideomycetes) and clade 2 (Sordariomycetes) with
53% and 93% bootstrap support, respectively (Fig. 6).
The clade 1 included three groups A, B and C, which
belonged to the taxonomic families of fungi including
Botryosphaeriaceae, Didymellaceae,
Leptosphaeriaceae, respectively. The isolates obtained
in the present study including N. dimidiatum (isolate:
112RA1), D. glomerata (N43—1, N74—1, N42, N59-2,
N29-2 and 66SA2), M. olivacea (isolate: 22SA) and
N. samarorum (isolate: 88SA1) were located in these
groups. However, ITS-rDNA sequences were not able
to separate species of Neoscytalidium from each other
(Fig. 6, clade 1-A). Therefore, phylogenetic analysis for
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Fig. 3 The morphological characteristics of six fungal species
isolated in the present study, including a-b: the Acremonium sp.
isolate 97SA, c-d: the B. mediterranea isolate 17SA, e-g: the

Neoscytalidium spp. was performed based on the com-
bined analysis of the ITS, 18S and 28S nrDNA dataset
by MP method and the results showed that the isolate
112RA1 clustered with N. dimidiutum strains and is
distinct from the isolates of N. novaehollandiae (Fig.
1, supplementary material).

Twelve isolates obtained in the present study were
placed in the clade 2, which included seven groups D
to J. The clade 2-D comprised of members of
Nectriaceae family. F. solani species complex (iso-
lates: 27RF and 113SA) and F. tricinctum (isolates:
60B11 and 56R3) were clustered to related taxa in
this clade (Fig. 6, Clad 2-D). To determine the accu-
rate taxonomic position of F. solani species complex,
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Coniochaeta sp. isolate 92SA1, h-I: the C. ribis isolate 38SA1,
jn: the D. glomerata isolate N42 and o-p: the F solani isolate
27RF

the phylogenetic analysis was performed by using
TEF-1« gene for Fusarium spp. isolates. The isolates
were identified as F. solani sensu stricto (Fig. 2,
supplementary material). The O. persica (isolate:
66SA) and B. mediterranea (isolates: 17SA,
116SA1 and 60RP1) were located in the clade 2-E
that consisted of members of Xylariaceae family
(Fig. 6, Clade 2-E). The isolates of the clade 2-F
and clade 2-G were related to incertae sedis family.
The Acremonium sp. (isolate: 97SA) and T. roseum
(isolate: 115SA) were placed in these clades, respec-
tively (Fig. 6, Clade 2-F and G). The isolates belong-
ing to Valsaceae and Coniochaetaceae families were
located in the clade 2-H and I, respectively.
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Fig. 4 The morphological characteristics of six fungal species
isolated in the present study, including a-b: the F. tricinctum
isolate 60B1, c-e: the M. olivacea isolate 22SA, f-h: the

Pathogenicity tests

Pathogenicity tests were conducted using various iso-
lates of each species in six replicates. The D. glomerata
isolates, including N43—1, N74—1, N42, N59-2, N29-2
and N-43 were tested on stems of Persian oak seedlings.
Typical symptoms, including longitudinal lesion on the
inoculation point with dark brown discoloration of
wood were observed 45 days after inoculation. All the
isolates of Didymella were able to grow in the xylem
surrounding the inoculation point on stem of Persian
oak (Fig. 7a-f). The length of necrosis in inoculated
seedlings ranged from 12 to 26 mm in length, and all
the strains produced lesions significantly (P <0.05)

\ 10Hm

N. samarorum isolate 88SAl, i-l: the N. dimidiatum isolate
112RA1, m-n: the O. persica isolate 66SA and o-p: the
T. roseum isolate 115SA

different from the control (Fig. 8a). Also, 70% of inoc-
ulated seedlings were died two months after inoculation.
These pathogenic fungi were re-isolated from the lesion
areas, and the identity as D. glomerata species was
confirmed by the morphological characterization. The
pathogenicity tests using selected isolates of
N. dimidiatum (112RA1, 38SA3, 41SA2 and 59SA3)
resulted in sooty necrotic lesions that developed in both
upwards and downwards directions from the inoculation
points within 30 days after inoculation (18-35 mm long)
and slight bark peeling was observed in the inoculated
area and the black fungal spores appeared under the bark
on the canker surface (Fig. 7g-k). All the strains of
N. dimidiatum produced significantly (p <0.05)

@ Springer



Eur J Plant Pathol (2019) 155:1017-1032

1024

eydas | owooaq
pue ayeydose Afentur ‘utojuiAd 1o proaoqo erpruo)/(ypsus] wr g

d-oy 811 o} dn ‘yypim wirl ¢z—7) Suof A1ea ‘ojduus “1epusys aroydorpruo) Vdd uo urSrew je aym 03 a3ueio ofed 10jusd ur afueI 1€ NSO WNIDIOYILL]
a1ods oy punoe VAd uo sAep (]— 101 Sprep A[9)oduwiod a1om 9pIs 9SIOAI
u-wy 81 S wIas B yum [erere[mbaur ‘prosdife ‘umoiq yiep a1om sa10dsodsy pue 93pa Ay UI MO[[A IOJUID UT U3 jrep apis Joddn) ! vo1s.ad puLID]Og)
BIPIUOS PIOAO 0} prosdifjo ypim eiprudAd jo pasodwos ydiow
[enxase snojedAwo[e0)) /A3ojoydiowr snouea yim sarodsoryre
Jjeydos-1 0} () SW092q pajenonIesIp yorgm seydAy umoiq pue Do §T 18 SABp 0M) UT I0joWe
Iy 814 deydos ‘wnipeokwr payoueiq Jo pasodwod ydiowreue wnijooAw Y, -1p ur ww 99 Aparewnrxoidde Suryoray/yd Uo 1Sej maIn [ wmoiprup wnipyilosoa
95BQ 9JEOUNY) YIIM PO[[EM-Y)OOWS ‘WIOJISNY 0} PIOS
-dippe ‘TeourpurjAogns ‘mofpeA ared o sureAy erpruo) /uLojindue
0} WLIOJII[OP QUIBAY] S[[90 SNOUISOIPIUO)/2[01ISO
U-}¢ 814 aeqided ¢—| ‘repnooqiun ‘[eipruoAd ejewoIpruo)) VAd uo uidrew je 1oxrep APYSI[S I9)uad Je UodIs d[ed y  wnioimups puioydojasoan
Jjeydose ‘umoiq
9led Surosoq pue duI[eAY AJ[enIUI ‘ATB)I[OS BIPIUO))/ULIOJI[OP
9-0f 81,1 03 [eouIpUIAoqns ‘QUIRAY] S[[90 snouadorpruo)/erprudAd eyeworpruo)) V{d U0 U213 dAT[Q 71 paovayjo sisdorianydsoldnpy
vdas [
s wojideu A[[eUOISEIO0 pUB WLIOJISN [BAO BIPIUOIOIOIIA)/Q)e)dos V{d uo o3e
g-ep 31 G—¢ Yim djeun| 0) djed[e} pue JOPUd[S BIPIUOJOIOBN M Yuld 0 pal aw099q Uy M A[[enIul BI[OOAW [eLIy S¢ WNIOUIDLL WNLIDST,]
aeydos-
d-o¢ 314 -/ 0} -€ ‘paAINDd APYSI[S 03 JYITeNS ‘OpIm A[QATIB[I BIPIUOIOIORIA Vd U0 WeaId 0} Iym pue asieds BIQoAW [eLry ST 1UD]OS WNLIDSTL]
(so10dsopAwe[yo 9—7) SuTeyd J0yYS Ul 10 ATe)I[oS
‘Te[n[ieonNU Jo Jernjeorun saodsopAurery)/seynng rejod ypim
‘[eaupurAd ‘feprosdijja-proao o} reandiyo Apysow ‘odeys ur ojqeLeA
u-f[¢ 81y  ‘oureAy eipruo)/aeided guanfjuos 10 Arejrjos ‘9soqo[3qns BIPIUIAJ VHIA UO UISIEW 18 JIYM ‘IJUD e UMoIq ‘Auopo)) 08 DID.L2UI0]3 D]joUAPIT
SO[OIUAP UO PIWLIO] pue
PIOJUB[[E ‘PI[[EM-YIOOWS ‘QUITEAY ‘PI[[99-] BIPIUO))/0e)as JySrens
1-y¢ Sy ‘UMOIQ-SIED IM PAISA0J Jey) e1oayLad proAo 0) 9s0qo[3 “joelg VO 2y uo a3ueso 31| Sl s1q14 p10dso1)
e1pruold proao 0y
8-o¢ ‘311 [eouoyds ojur pauLio Jey) eydase ‘projue[e ‘OuIeAY AI0M BIPIUOD Y, "V(Ad UO UISTEW e 9)IyM PU. ISJUD Ul SNOIBAIO) S “ds vpavyoo10)
padeys-uowo] o) prosdijo Vdd UO SAep UOADS Jo}& OpIS 9SIOAI
p-o¢ ‘S11 oo ‘ONI[-UNLIOdSINPON dI2M SAINJONT}S SNOUSFOIPIUOD Y], uo yoe[q pue apis 1oddn uo Aei3 Surwoosaq sy je AIYM Sy paup.LI)IpaUl DIXNDIUS0ISIG
opreryd yoes jo xode oy Je speay Awirs ur pajedoi3de
g-e¢ ‘S1J  Apsow pue duI[eAy ‘pI[[o9-ouo BIPIUO))/IOpUd[s pue d[dus sapIeryq VHIN 2y uo as1oad1/zeddn ur a3uero JySi/mm ¢ ‘ds wnowa.0y
SOyeOST
a3 samny A3ojoydiowr urejy SI9)oRIRYO AUO[OD)  JO "ON Jwreu sngunj

Apmys juasaxd oy ur saroads payynuapt oy Jo sonsuoeIeyd [ed130[oydIojN | dqeL

pringer

NS



Eur J Plant Pathol (2019) 155:1017-1032

1025

Table 2 The abundance, origin and species types of the isolated fungi from healthy and declined Persian oak trees and seedlings

Fungal species Persian oak trees

Persian oak Seedlings

Chagha Sabz Arghavan

Tange Dalab

Malekshahi Nursery Forest

Healthy Declined Healthy Declined Healthy Declined Healthy Declined Healthy Died Healthy Died

Acremonium sp.
B. mediterranea
C. ribis
Choniochaeta sp.
D. glomerata

F. solani

[V IS ST S R N
|
|
|

F tricinctum

[\
W 9NN = = DN

|
W oW N =
|

M. olivecea
N. dimidiatum - 2 - 2
N. samarorum 2

O. persica - 4 - 1 -

T. roseum 2 4 — - 6

8 3 5 - - - -
_ 7 _ _ _ _ _
_ 2 _ _ _ _ _
- - 2 30 10 10 20
2 - 3 - - - -
- 2 - 10 -8 -
_ 6 _ _ _ _ _
3 _ _ _ _ _ _
2 - 5 - - - -
- 1 6 10 -2 -

different mean lesion lengths from the control (Fig. 8b).
Inoculated seedlings were dead 30 days after inocula-
tion. The morphological characteristics of the isolates
obtained from the inoculated plants coincided with the
inoculated strains, confirming the Koch’s postulates.
The isolates 116SA and 17SA of B. mediterranea
were used for the pathogenicity test experiments on
Persian oak seedlings. After 45 days, a complete

Fig. 5 The share of different 100%
fungi isolated from different plant
sources

90%

50%

40%

% of fungal species

Healthy trees

Number of healthy tree samples: 40
Number of declining tree samples: 40
Number of healthy seedling samples: 20
Number of died seedling samples: 20

80%
70%
60%
L

30%
20%
10%

0%

destruction of the wood texture was observed at the
inoculation points and finally all the inoculated seed-
lings died. In addition, the O. persica pathogenicity tests
showed visible brown to black necrotic lesions devel-
oped in both upwards and downwards directions from
the inoculation point (17-30 mm) within 45 days after
inoculation. No symptoms were observed on the control
seedlings. Both pathogens were separately re-isolated

T roseum
N. samarorum
u N. dinudiatum
M. olivacea
= O. persica
® F. tricinctum
F. solani
u D. glomerata
Coniochaeta sp.
u C. 11bis
u B. mediterranea
w Acremonium sp.

Declining trees  Healthy seedlings  Died seedlings

Number of healthy tree isolates: 97
Number of declining tree isolates: 67
Number of healthy seedling isolates: 30
Number of died seedling isolates: 70
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Table 3 List of fungal species isolated from healthy and declined Persian oak trees and seedlings used for phylogenetic analysis

Fungal species Strains Source Location of isolation Culture collection NCBI accession no.
Acremonium sp. 97SAl HT Chagha Sabz ABRII 10031 MF772440
Biscogniauxia mediterranea 116SA1 HT Tange Dalab ABRII 10016 KY825111
60RP1 DT Arghavan ABRII 10015 KY825110
Cytospora ribis 38SA1 HT Tange Dalab ABRII 10067 KY825112
Coniochaeta sp. 92SA1 HT Chagha Sabz ABRII 10117 MKO069644
92SA2 HT Chagha Sabz ABRII 10118 MK069645
Didymella glomerata 66SA2 DT Malek Shahi ABRII 10058 MF563924
N43-1 HS Nursery Ivan ABRII 10062 MF563928
N74-1 HS Nursery Ivan ABRII 10064 MF563930
N42 DS Nursery Ivan ABRII 10061 MF563927
N59-2 HS Nursery Ivan ABRII 10063 MF563929
N29-2 HS Nursery Ivan ABRII 10060 MF563926
Fusarium solani 113SA1 HT Tange Dalab ABRII 10001 KY825096
27RF DT Tange Dalab ABRII 10000 KY825095
Fusarium tricinctum 60B11 HS Arghavan ABRII 10007 KY825102
56R3 HT Malekshahi ABRII 10006 KY825101
Obolarina persica 66SA DT Malek Shahi ABRII 10019 KY825115
Microsphaeriopsis olivacea 22SA HT Tange Dalab ABRII 10047 KY950242
Neoscytalidium dimidiatum 112RA1 DT Tange Dalab ABRII 10066 MK099884
Neoetophoma samarorum 88SA1 HT Chagha Sabz ABRII 10041 KY950236
Trichotecium roseum 115SA HT Tange Dalab ABRII 10054 KY825116

HT, Healthy tree; DT, Declined tree; HS, Healthy seedling; DS, Dead seedling

from the lesions of all seedlings inoculated with
B. mediterranea and O. persica, confirming the Koch’s
postulates. Inoculation of different F. solani and
T. roseum isolates on Persian oak seedlings did not show
any symptoms after three months.

Discussion

The decline and mortality of oaks is one of the most
important disease of oak trees worldwide. In Iran, it is
especially serious in the West regions in the Zagros
forest (Mirabolfathi 2013; Ahmadi et al. 2014). Produc-
tion of Persian oak seedlings in nurseries and their
transplantation into forests is taken in the account as
an important strategy to restore the damaged areas in the
West regions of Iran. Forest nurseries have an important
role in keeping forest lands productive. Nurseries seed-
lings diseases are important from two points of view
including a) Damage to seedlings in the nurseries and b)
transmission of diseases from nurseries to forest areas.
Therefore, occurrence of diseases on the nursery

@ Springer

seedlings is of particular importance, and many studies
have been focused on this subject (Peterson and Smith
1975; Sutherland et al. 1989; Lilja et al. 1992; Lilja
1994; Pathak et al. 2015; Pandey et al. 2018; Alidadi
et al. 2018). The present study focused on isolation and
characterization of fungal flora from healthy/declining
Persian oak trees and healthy/dead Persian oak seed-
lings. N. dimidiatum with 10.44% frequency was isolat-
ed only from trees with declining symptoms and was
proved a pathogen on Persian oak trees based on path-
ogenicity test results (Fig. 5; Fig. 7g-k). This species has
been previously reported from various sources, includ-
ing woody plants (Punithalingam and Waterston 1970;
Sutton and Dyko 1989), soil, human skin and nails
(Moore 1988; Punithalingam and Waterston 1970;
Crous et al. 2006). N. dimidiatum is known as one of
the most important pathogens of plants and has a wide
host range. This species has been reported as causal
agent of different plant diseases, such as leaf blight on
Sansevieria trifasciata (Kee et al. 2017), shoot blight
and fruit rot in almond trees (Nouri et al. 2018), wood
canker on grapevine (Rolshausen et al. 2013), canker
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Length= 1053
CI=0.517
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Didymella glomerata strain N43-1

Didymella glomerata strain 66sa2
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Fig. 6 The parsimonious tree for the fungal species isolated in the
present study based on the ITS rDNA sequences of 31 taxa belong
to Dothideomycetes and Sordariomycetes. The bootstrap support

disease in Ficus nitida and F. benjamina (Al-Bedak et al.
2018), dieback in Mangifera indica (Ray et al. 2010),
canker disease in Hylocereus spp. (Xu et al. 2018) in the
world. The present study reported the fungus
N. dimidiatum as a pathogen of Persian oak in Iran for
the first time.

The D. glomerata species is aworldwide distributed
soil fungus, which has been isolated from various
kinds of plants as well as inorganic materials, and
frequently found in association with symptoms of
blight, leaf spots and fruit rot (Boerema 2004; Moral
etal.2018; Thomidis etal. 2011; Aghapouretal. 2009;
Holz et al. 1989). In the present study, this species was
isolated from branches of the healthy and declining
Persian oak trees with frequency of 5.15% and 7.46%,
respectively, and from healthy and died Persian oak
seedlings with frequency of 57.14% and 100%, re-
spectively (Fig. 5). In addition, by pathogenicity test,

{Didyme//a maydis strain CBS 588.69 (FJ427086.1)

100 Didymella maydis strain MA 0027 (FI427087.1)

_|Didymella exigua strain CBS 183.55

8 Didymella exigua (EF192139.1)

Microsphaeropsis olivacea strain 22SA

88 || Microsphaeropsis olivacea strain 8

100 55L Microsphaeropsis olivacea strain CBS 303.68
Neosetophoma samarorum strain 88SA1
Neosetophoma samarorum strain CBS 138.96

-Neosetophoma samarorum strain CBS 139.96

Neosetophoma italica strain MFLU 14C0809

Dothideomycetes

Clade 1

values for maximum Parsimony values higher than 50 are given
above each branch. The ITS sequence of Paecilomyces divaricatus
was used as out group

it was proved in the present study that the D. glomerata
species has pathogenicity on Persian oak. So, for the
first time, this species was introduced as new pathogen
of oak trees. Moreover, it could be concluded that
latent infection of oak seedlings by D. glomerata
may cause the spread of the disease among forest areas
as it was observed in both seedlings and trees. In
addition, considering to the worldwide distribution
and wide host range of this species, careful inspection
of nursery products is essential to prevent introduction
of the fungus to the forests.

In both healthy and declining trees, B. mediterranea
was the most abundant with 20.61% and 37.31%, re-
spectively. This species reported as an agent of oak
decline and charcoal disease in many regions of the
world including Portugal, Spain, Italy, Slovenia
(Henriques et al. 2012; Luque et al. 2000; Linaldeddu
et al. 2014; Jurc and Ogris 2006). In addition,
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Fusarium solani species complex strain 27RF
Fusarium solani species complex strain 113SA

9.8 Fusarium solani strain CBS 102429
Fusarium virguliforme strain AL-1a

Fusarium tricinctum strain d17
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Biscogniauxia mediterranea strain CPC:18217
100 | Biscogniauxia mediterranea strain 116SA1
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Acremonium sp. strain 97SA
100| Acremonium sclerotigenum strain CBS 124.42
Acremonium egyptiacum strain CBS 114785
Acremonium sclerotigenum strain CBS 270.86

Acremonium alternatum strain CBS 407.66
Trichothecium roseum strain 115SA
Trichothecium roseum strain SO68

100

Trichothecium roseum strain CBS 113334

Cytospora ribis strain 38SA1

Cytospora ribis strain CBS 187.36

761Cytospora ribis strain CFCC 50026

Cytospora chrysosperma strain xsd08013
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Coniochaeta sp. strain 62SA1
_‘F Coniochaeta decumbens strain CBS 153.42
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Fig. 6 (continued)

100

100 | Coniochaeta prunicola strain CBS 121445
Coniochaeta prunicola strain CBS 120875
Coniochaeta velutina strain CBS 121444
99 Coniochaeta lignicola strain CBS 267.33

Sordariomycetes

Clade 2

association of such fungi with charcoal disease in
Quercus spp. trees have been previously reported in
deferent region of Zagros forest including Lorestan,
Ilam, Fars, Kohgiloye VA Boyer-Ahmad and Golestan
Forests in Iran (Mirabolfathi 2013). In this study,
B. mediterranea was isolated as an endophyte fungus
from healthy oak trees as well as from declined trees in
different sampling areas. O. persica (17.91%) was the
second most abundant species observed in the declining
trees, and isolated as a pathogen species only from
branches of the Persian oak trees with decline symptoms
(Fig. 5). This species previously have been reported as
an important agent causing dying in Persian oak trees in
Ilam province, Iran (Mirabolfathi et al. 2013).

@ Springer

F solani was another species which was isolated
from the healthy and declining trees with 7.21% and
11.94% frequency, respectively (Fig. 5). A brief over-
view on the literature reveals that this species was pre-
viously reported as the causing agent of canker and wilt
symptoms on red and coast live oak, associated with
branch and trunk cankers on citrus and stem canker on
Tectona grandis (Vujanovic et al. 1999; Lynch et al.
2013; Nemec 1987; Huang et al. 2017). However, this
species did not cause any disease and symptoms on
Persian oak seedlings during three months. 7. roseum
was obtained from branches of healthy and declining
trees with 9.27% and 14.92%, respectively as well as
from healthy seedlings (17.14%) (Fig. 5). This species
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Fig. 7 The results of
pathogenicity tests on Persian oak
seedlings using different

D. glomerata and N. dimidiatum
isolates. a-f: the symptoms
caused by different D. glomerata,
a D. glomerata isolate N43—-1, b
D. glomerata isolate N43, ¢

D. glomerata isolate N29-2, d
D. glomerata isolate N59-2, e- f.
control, g-k: the symptoms
caused by N. dimidiatum isolates,
g inoculation of N. dimidiatum on
oak seedling (right: inoculated
seedling and left: control), h

N. dimidiatum isolate 38SA3, i
N. dimidiatum isolate 112RA1. j-

k control
has shown high antagonistic activities against Diplodia from both Persian oak trees and seedlings, it seems
corticola causal agent of cankers, vascular necrosis and that it could be transferred by vertical transmission,
dieback on various oak species (Campanile et al. 2007). and its antagonistic activity against Persian oak’s
The 7. roseum has been risolated also from Maytenus pathogens could be studied in the future. Therefore,
hookeri as an endophyte and antagonist against other this study may be taken in the account as a potential
pathogenic fungi in vitro (Zhang et al. 2010). In the biocontrol agent of oak pathogens.
present study, the pathogenicity of this species was Finally, it could be concluded that four species, in-
not observed on Persian oak seedlings and did not cluding B. mediterranea, D. glomerata, N. dimidiatum
show any symptoms. As these species was isolated and O. persica, were pathogens on Persian oak. To the
a b
30 -
35 4
a

5 T a 304 |
E ! b E 25 - b
g I E I II’
= c
E e ¢ £ 20 A f
515 I d E
g I FEh
g 10 4 2
=2 2 10

€
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Fig. 8 Average lesion length (in millimeters) resulting from inoc- error. The letters above bars indicate treatments with significant
ulation of (a) Didymella glomerata, (b) Neoscytalidium difference (P <0.05). Note: the control showed only faint
dimidiatum strains. The vertical bars represent means standard discoloration
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best of our knowledge, this is the first time that two
species, N. dimidiatum and D. glomerata, are intro-
duced as pathogens of Persian oak species. In addition,
F solani and T. roseum were isolated from trees with
decline symptoms but were not pathogenic for Persian
oak, and they are only associated with declined oak
trees. In the previous studies, the fungal species
Alternaria atra, A. infectoria, A. consortialis,
A. molorum, Chaetomium globosum, Epicoccum
nigrum, Immersidiscosia eucalypti, Kalmusia
variispora, Petriella sordida, Neocamarosporium
obiones and Sordaria fimicola have been also reported
associated with declined Persian oak trees in Zagros
forests(Alidadi et al. 2018).

In addition, the Acremonium sp., Coniochaeta
sp., C. ribis, F. tricinctum and N. samarorum species
were isolated from healthy Persian oaks and are new
records of endophytic fungi on Persian oak through-
out the world.
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