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Abstract: Extensive microbiological research was carried out in Tbilisi (capital of Georgia) and its surroundings to de-
termine the causes of massive disease and dieback of urban coniferous plantations. The biological material was picked
up in June—July 2020 from trees with various degrees of the disease in 42 different localities. 247 conifers (15 species)
were examined microbiologically. 1 169 samples of microscopic fungi were isolated. Based on cultural-morphological
and molecular-genetic (PCR) studies, 34 strains were identified to the species level, 17 to the genus level, and 1 strain
to the family level. Ascomycota were represented by 15 families and 33 species, Basidiomycota by 1 family and 2 species
and Zygomycota by 2 families and 2 species. Among the isolated strains, 9 species were clearly dominant and found
in all studied coniferous species: Alternaria alternata (Fr.) Keissl, Sphaeropsis sapinea (Fr.) Dyko & B. Button, Epicoc-
cum nigrum Link., Sordaria lappae Potebnia, Curvularia spp., Dothiorella spp, Nothophoma quercina (Sydow & P.
Sydow) Q. Chen & L. Cai, Phoma odoratissimi Q. Chen, Didymella aliena (Fries) Q. Chen & L. Cai. It may be supposed
that massive activation of pathogenic fungi is the result of weakening of plant immunity on the background of increas-
ing abiotic stresses in Thbilisi over the years; which led to an imbalance between latent pathogens and host plants and
eventually to the depressing consequences of trees dieback.
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Literary data from recent decades have clearly
shown that large-scale dieback of trees is a global
ecological problem worldwide (Kim et al. 2013;
Weed et al. 2013; Pavlov 2015; BufSkamp et al.
2020). Based on the scientific analysis of reasons for
tree massive dieback, global warming and drought
in terrestrial biomes are named as the main causes
of the event. Namely, the combination of drought
and unusually high temperatures, the so-called
“global change-type drought’, also known as “hot
drought’, causes vegetation change on the Earth

and massive death of trees (Jentsch et al. 2007;
Smith 2011; IPCC 2012; Miiller et al. 2018).

The tree dieback may be caused by both direct
impact on physiological processes and indirect rea-
sons: by the activation of pests and pathogens.
The high probability of exacerbation of epidemics
under the influence of drought stress in forest eco-
systems has been proven. Moreover, it has been es-
tablished that global climate change may also alter
the degree of virulence of various pathogens (Lin-
nakoski et al. 2017).
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Based on molecular-genetic methods, it has been
established that there are complex relationships be-
tween the pathogens (Brader et al. 2017). Therefore,
the study of multiple plant infections (co-infection)
and complex pathosystems (host-pathogen, patho-
gen-pathogen and host-multiple pathogen) is very
important. Experimental results have shown that
the symptoms, course, and outcomes of a disease
caused by the same group of pathogens may be dif-
ferent in each particular individual, in dependence
on interaction between the pathogens (Tollen-
aere et al. 2016; Abdullah et al. 2017).

The problem of massive disease and drying
of trees is urgent in Georgia as well. In recent years,
the massive dieback of woody plants, especially co-
nifers, in the capital of Tbilisi and its surroundings
has become noticeable (Abdaladze et al. 2019).

Thus, study of the microbiological status of tree
plants in the most endangered areas of Tbilisi and
its surroundings is needed.

The aim of the study was to conduct a mycological
study of coniferous plantations in Thbilisi and its sur-
roundings to identify the causes of tree dieback and
decline, and to assess the existing risks of further pro-
gression of the disease. Large-scale studies of plant
multipathogenic infections have not been conducted
in Georgia yet; thus, this investigation is the first
large-scale study to identify the causes of disease and
its risk assessment in conifers in this area.

MATERIAL AND METHODS

In summer 2020, 42 localities were selected for
the collection of biological material in Thilisi and
its surroundings, taking into account the massive
disease and dieback of conifers in different parts
of the city (Table 1). A total of 1 192 samples were
taken from 247 conifers (mainly artificial plant-
ings) which belonged to 15 species: Abies pinsapo
Boiss., Cedrus atlantica (Endl.) Manetti ex Car-
riere, Cedrus deodara (Roxb. ex D.Don) G.Don,
Chamaecyparis lawsoniana (A.Murray) Parl., Cu-
pressus sempervirens L., Juniperus communis L.,
Juniperus horizontalis Moench, Juniperus vir-
giniana L., Picea pungens Engelm., Pinus nigra
J.E.Arnold, Pinus pinea L., Pinus strobus L., Platy-
cladus orientalis (L.) Franco, Thuja occidentalis L.,
Taxus baccata L.

The biological material was taken from trees with
various degrees of disease, observing maximal ste-
rility. Only living parts of the plant (twigs, needles,

in case of pine — previous year’s cones) were cut.
At least three samples were taken from each selected
plant. Herbarium material was placed in polyethyl-
ene bags, and specimens for microbiological testing
were placed in sterile containers, labelled with loca-
tion and plant species. The collected samples were
delivered to the microbiological laboratory.

To prevent the contamination by “accidental” mi-
croflora, the surface of the samples was disinfected:
the plant material was washed under running wa-
ter, placed on a filter paper for drying and cut (ob-
serving sterility) with a lancet into 1 x 1 cm pieces.
The cut fragments (needles, bark, internodes, cone
scales) were first placed in 70% ethanol for 10 s, then
in 20% sodium hypochlorite for 1.5 min. The treat-
ed samples were washed with distilled water for
5 min (Vujanovic et al. 2000; Strobel 2018). Isola-
tion of mycoflora from the biological material was
carried out according to a standard scheme (fungal
isolation protocol) (Lagamayo 2015), which involve
obtaining of primary inoculums and subsequently
pure cultures. Incubation of strains was carried out
on potato-dextrose agar (PDA) and universal nutri-
ent areas (composition of the universal agar medium
(g'L7Y): wort — 0.5 L, tap water — 0.5 L, agar-agar —
21 g; pH 5.5-5.8; sterilization mode at 121 °C for
15 min), in a thermostat at 25-28 °C for 10—14 days.

Pure cultures were stored in sloped tubes,
in a sterilized, universal nutrient medium, in a re-
frigerator at 4 °C.

The study of cultural-morphological properties
of pure cultures was carried out by macromorpholog-
ical and microscopic research methods. The specific
identification of 55 isolates of supposed pathogens
by a molecular-genetic PCR method was performed
in the Agriculture and Nutrition Laboratory of Guelph
University, Canada. Taqg DNA polymerase (Qiagen)
and Qiagen PCR Buffer for minimal optimization
were used for PCR amplification of ITS regions with
the primer pair ITS4 and ITS5 (White et al. 1990).
The ITS sequences were extracted with the open
source software ITSx to separate the ITS1 and ITS2
subregions from the fungal ITS sequences (Bengts-
son-Palme et al. 2013). The ITS1 and ITS2 sequences
were used for BLASTN (Zhang et al. 2000) searches
against GenBank/NCBI (Sayers et al. 2011) to provide
taxonomic identification. The sequences with 98%
similarity and query coverage of 97% were set to con-
strict the species level (Arnold, Lutzoni 2007). ABI
3730 DNA Analyzer and ABI PrismTM 7500 FAST
Sequence Detection System were used for analysis.

465



Original Paper

Journal of Forest Science, 67, 2021 (10): 464—476

Table 1. The list of studied localities

https://doi.org/10.17221/79/2021-JES

GPS coordinates (N, E)

Locality

No. Experimental species
1 Cedrus deodara, Cupresus sempervirens, Juniperus
communis, Pinus nigra, Platycladus orientalis

9 Cedrus deodara, Cupresus sempervirens,
Pinus nigra, Platycladus orientalis

3 Cedrus deodara, Cupresus sempervirens,
Pinus nigra, Platycladus orientalis

4 Cupresus sempervirens, Pinus nigra

5 Cedrus deodara, Cupresus sempervirens, Pinus ni-

gra, Juniperus communis, Platycladus orientalis

Abies nordmaniana, Cedrus deodara, Cupresus sem-
6  pervirens, Pinus nigra, Juniperus communis, Pinus
strobes, Taxux baccata

7 Pinus nigra
8 Taxux baccata
9 Cedrus deodara, Cupresus sempervirens,

Thuja occidentalis cult.

Abies concolor, A. sp., Calocedrus deccurens cult.
aureovariegata, Cedrus atlantica cult. pendula,
10 Chamaecyparis lawsoniana, Picea abies cult.
inversa, Picea pungens, P. sp., Pinus strobus, Taxux
baccata, Thuja occidentalis

Cedrus deodara, Cupresus sempervirens,

11 . ; .
Pinus nigra, Platycladus orientalis
12 Cedrus deodara, Cupresus sempervirens,
Pinus nigra, Platycladus orientalis
13 Cupresus sempervirens, Pinus nigra, P. pinea
14 Cedrus deodara, Cupresus sempervirens,
Pinus nigra
15 Picea orientalis
16 Cedrus deodara, Cupresus sempervirens,
Pinus nigra, Platycladus orientalis
17 Cedrus deodara
18 Cedrus atlantica cult., C. deodara, Picea pungens,
Pinus nigra
19 Cupresus sempervirens

41.71316, 44.71561

41.68821, 44.80451

41.69544, 44.79404

41.688222, 44.793444

41.699793, 44.754646

41.709490, 44.778044

41.713415, 44.746557

41.712813, 44.748651

41.732990, 44.772024

41.719054, 44.751552

41.71736, 4474569

41.72121, 44.74652

41.713442, 44.766230

41.719755, 44.713762

41.733639, 44.761789

41.725002, 44.754653

41.727752, 44.757454

41.729699, 44.767598

41.730853, 44.731000

Tskneti, near-highway forest

Sololaki slope, near the monument
of Mother of Georgia

Slope of mount Mtatsminda

Kojori Ln. Near the road

Surrounding territory of Turtle lake

Vake, Chavchavadze ave. 1,3. The terri-
tory of Javakhishvili State University

Vake, near the stadium

Vake, Chavchavadze ave. near the Ilia
State Univessity

Saburtalo, Gotua st. 22, a square

Saburtalo, the territory of the old
Hippodrome; he nursery

Saburtalo, crossroad of Tamarashvili
and Amiredjibi streets

Tamarashvili st. 13; the territory
of Hippodrome

Saburtalo, Amiredjibi st.;
near tennis court

Saburtalo, Politkovskaia st.

Saburtalo, Vazisubani st. 5

Saburtalo, Kazbegi ave.; Godziashvili
sqaure

Saburtalo, Vazha-pshavela ave. 29;
near the Republican hospital

Saburtalo, cross-road of Pekini ave.
and Panjikidze st.

Saburtalo, Nutsubidze III microdist.
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Table 1 to be continued
No. Experimental species GPS coordinates Locality
20 Cedrus deodara, Cupresus sempervirens, 41.713481, 44.780332 Saburtalo, Kostava st. 64; Zoo territory
Platycladus orientalis, Taxus baccata
91 Cedrus a{eodam, Cupres‘us serf?peerrens, 41.712199, 44.781906 Saburtalo, the terrlto‘ry of the heroes
Picea pungens, Pinus nigra memorial
Cedrus deodara, Cupresus sempervirens, Juniperus .
lo, K . 68; h -
22 horizontalis, J. sp. cult., Picea pungens, Pinus nigra, 41.713933, 44.779070 Saburtalo (o§tava st. 68; near the ter{to
. ” . tory of Public Broadcaster of Georgia
Taxus baccata, Thuja occidentalis
23 Cedrus deodara, Cupresus sempervirens 41.714541, 44.784183  Saburtalo, the slope near the Circus
24 Abzes' sp., Cedrus de(')da;ia, Cupresus sempervirens, 41.730311, 44.854948 Chugureti, on the{ territory of dendro-
Juniperus communis, Picea pungens, Pinus nigra logic park
25 Cedrus deodamz Cup Tesus SEIMPErvIrens, [unzp f?rus 41.735868, 44.852173 Chugureti, on the territory of new Zoo
communis, Pinus nigra, Platycladus orientalis
26 Cupresus s?mp CrVITens, ]ufqu erZ{s COTITINLS, 41.765167, 44.807993 Temgqa, unknown heroes st.
Picea pungens, Pinus nigra
97 Cedr'us deo'dam, Cupresus sempervirens, 41.741540, 44.778829 Didube, Tsereteli ave. 118;
Pinus nigra, Platycladus orientalis, Expo Georgia
Cedrus atlantica, C. deodara, Cupresus sempervi-
gg Tenspyram. C.sempervirens, Juniperus virginiana, - 240991 44780691 Didube, near Eristavi st.
Picea pungens, Pinus strobes, P. pinea, P. nigra,
Platycladus orientalis, Thuja occidentalis
29 Cedrus deodara, Picea pungens, Pinus nigra 41.731121, 44.782416 Didube, Agladze st.
30 Cedrus deoda.zm, Cupre{sus serr.lperwrens, 41.751177, 44.789459 Guramishvili ave. r}‘ear the forr:ler cin-
Juniperus horizontalis ema house “Sakartvelo
31 Cedrus deodara, Picea pungens, Pinus nigra 41.760590, 44.788439 Sanzona, Guramishvili ave. 11, 15, 17, 19
A la, . ¢ i shvili
32 Pinus nigra, Platycladus orientalis 41797280, 44798885  Yehala s“”‘“:v‘jlqgs of Sarajishvili
33 Abies pinsapo, C'edrus d'eodarft, 41.796495, 44.800648 Avs:hala, Sara)lushvﬂl ave. .2”1;
Cupresus sempervirens, Pinus nigra wine factory “Bagrationi
34 Cupresus sempervirens, Pmys nigra, Platycladus 41.823376, 44.784368 Avchala, cross.road. of Andronikashvili
orientalis and Bichvinta streets
35 Cedrus m,‘lcmtlcozf Cupr’esus sempervirens, 41.828237, 44.772225 Avchala, o.n.the crossr.oad.of Androni-
Pinus nigra kashvili and Skhvitori streets
Abies pinsapo, Cedrus deodara, Cupresus semper- . .
Isani, { the P -Paul
36 virens, Picea pungens, Pinus nigra, Platycladus  41.697484, 44.832836 sani, territory of the Peters-Pau
. . . . . cemetery
orientalis, Thuja occidentalis
37 Cedrus deodara, Picea pungens, Pinus nigra, 4y 76408 44771757 Digomi park, Lubliana st.
P. pinea, Taxus baccata
38 Cedrus deodara, Cupresys serﬁpermrens, 41.806215, 44.770062 Dlgo‘ml, agmashenebgh alley.; sur}"ound—
Platycladus orientalis ings of the Agrarian University
39 Cedrus deodara, Pinus nigra, 41.779302, 44768800  Digomi Agmashenebeli alley 209,

Mari market
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No. Experimental species GPS Coordinates Locality

40 Cupresus sempervirens 41.748773, 44.793091 Ponichala, Gogoberidze st.

a1 Cedrus deodara, Taxus baccata 41701287, 44.795627 ~ Rustaveliave. ssu;}r‘: Opera House
42 Cedrus deodara, Pinus nigra 41.695256, 44.919594 Orkhevi, the square

Information on the nomenclature, taxonomy,
synonymy, and distribution of fungal species
in Georgia was obtained from CABI databases
(http://www.speciesfungorum.org/).

RESULTS

A total of 1 169 isolates of microscopic fungi were
isolated. Thirty-four microscopic fungi were identi-
fied to the species level, 17 to the genus level, and
one isolate to the family level. The identified taxa be-
long to 18 families of three divisions: Ascomycota,
represented by 15 families and 33 species, Basidio-
mycota — by 1 family and 2 species and Zygomycota
— by 2 families and 2 species (Table 2). Nine domi-
nant species of microscopic fungi were identified
according to the prevalence and frequency on test-
ed plants (Tables 2 and 3): Alternaria alternata (Fr.)
Keissl, Sphaeropsis sapinea (Fr.) Dyko & B. Button,
Epicoccum nigrum Link., Sordaria lappae Potebnia,
Curvularia spp. (C. spicifera (Bainier) Boedijn, and
C. inaequalis (Shear) Boedijn), Dothiorella spp. (D.
iberica A.]J.L. Phillips, J. Luque & A. Alves, and D.
gregaria Succ.), Nothophoma quercina (Sydow & P.
Sydow) Q. Chen & L. Cai, Phoma odoratissimi Q.
Chen, Didymella aliena (Fries) Q. Chen & L. Cai.
Eight of them are recognized pathogens of different
severity (Agrios 2005).

Alternaria alternata. (Fr.) Keissl is the first-line
dominant, which was isolated from 95% of the stud-
ied plants. Accordingly, the frequency of its occur-
rence was also highest among the total number
of isolates (Tables 2 and 3).

The dangerous pathogen Sphaeropsis sapinea
(Fr.) Dyko et Sutton was present in 39% of the to-
tal number of tested plants. It was observed
in the mycoflora of all tested conifers, except
Chamaecyparis lawsoniana and Juniperus hori-
zontalis. It accounts for 11.2% of the total number
of isolates (Tables 2 and 3).
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Epicoccum nigrum Link. — 127 strains of this
fungus were isolated from 55% of the tested plants
(Table 2 and 3). According to PCR-diagnostics,
with 99.8% similarity they belonged to E. nigrum,
E. layuense, E. tritici and E. poae. However, they
were closest to E. nigrum in terms of cultural-mor-
phological characteristics.

Sordaria lappae Potebnia — 122 strains of this
fungus were isolated from 42% of the studied coni-
fers (Tables 2 and 3).

Curvularia spp. — 116 strains of the fungus
were isolated from 44% of the studied plants
(Tables 2 and 3), which belong to two closely re-
lated species: C. spicifera (Bainier) Boedijn, and
C. inaequalis (Shear) Boedijn. Their pathogenic
properties and degree of virulence are similar
(Ayoubi et al. 2017). So, they are referred to in
the text as Curvularia spp.

Two species of the genus Dothiorella — D. iberica
A.].L. Phillips, ]. Luque & A. Alves and D. gregaria
Succ. were detected in 21% of the plants tested (Ta-
ble 3). Though D. gregaria strains were isolated only
in a few cases, these two species of the genus Do-
thiorella in the text are referred to as Dothiorella ssp.

Representatives of the closely related species
Nothophoma quercina (Sydow & P. Sydow) Q. Chen
& L. Cai, Phoma odoratissimi Q. Chen and Didy-
mella aliena (Fries) Q. Chen & L. Cai were found
with the lowest frequency among the dominant
pathogens — 5.3, 4.6 and 4.6% of the total number
of isolates, respectively (Table 2). But if we consid-
er that all three species cause one disease — pho-
mosis, they can also be considered in the dominant
category. Representatives of these genera were iso-
lated from 57% of the total tested plants (Table 3).

As for non-dominant mycoflora, both pathogenic
and beneficial species were found among them (Ta-
ble 2). In total 212 strains of non-dominant fungi with
sporadic distribution were isolated from the tested
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Table 2. Microscopic fungi in coniferous plants of Thilisi and its surroundings and frequency of their occurrence (%)

gomycota)

No. Species of microscopic fungi Family (division) Ngmber (%) Coniferous species
(accepted name) of isolates
1 Alternaria alternata (Fr.) Keissl.  Pleosporaceae 930 197 All tested plants
group (Ascomycota)
Sphaeropsis sapinea (Fr.) Dyko & Botryosphaeriace- All tested plants ex. C. lawsoniana
2 131 11.2 . .
B. Button ae (Ascomycota) and J. horizontalis
. . . Didymellaceae
3 Epicoccum nigrum Link (Ascomycota) 127 10.9 All tested plants
. . Sordariaceae All tested plants ex. P. strobus,
4 Sordaria lappae Potebnia (Ascomycota) 122 10.4 T occidentalis
Curvularia spp. — Curvularia spic- Pleosporaceae All tested plants ex. J. communis
5 ifera (Bainier) Boedijn, Curvularia (Asccf)m cota) 116 9.9 p P ine;z ’ ’
- inaequalis (Shear) Boedijn Y P
&h
= .
“E Dothiorella spp. — Dothiorella Botrvosphaeriace C. deod‘ar]a, C ser‘npervll)rens, J. com-
€ 6 iberica AJ.L. Phillips, J. Luque & o7 O°P 65 5.6 NS ). vITgUmiand, It pungens,
& . ae (Ascomycota) P, nigra, P. orientalis, T. baccata,
= A. Alves, D. gregaria Sacc. . )
g T. occidentalis
o
(=)
C. atlantica, C. deodara, C. semper-
- Nothophoma quercina (Syd. & P.  Didymellaceae 62 53 virens, J. communis, J. virginiana,
Syd.) Qian Chen & L. Cai (Ascomycota) ’ P. pungens, P. nigra, Porientalis,
T. baccata, T. occidentalis
Didvmellaceae C. atlantica, C.deodara, C. semper-
8 Phoma odoratissimi Qian Chen Y 54 4.6 virens, P. nigra, P. strobus, P. orienta-
(Ascomycota) . . .
lis, T. baccata, T. occidentalis
C. atlantica, C. deodara, C. sem-
9 Didymella aliena (Fr.) Qian Chen Didymellaceae 54 46 pervirens, J. horyzontalis, P. nigra,
& L. Cai (Ascomycota) ’ Pstrobus, P, orientalis, T. baccata,
T. occidentalis
A. pinsapo, C. atlantica, C. sem-
. . . Aspergillaceae pervirens, C. deodara, J]. communis,
10 Aspergillus niger Tiegh. (Ascomycota) 18 1.5 P, nigra, P. orientalis, P. pungens,
P. strobus
11 Trichoderma citrinoviride Bissett Hypocreaceae 14 1.2 ¢ Sermpervirens, C. deodara,
- (Ascomycota) P. orientalis, P. nigra, P. pungens
&
] . . ,
- C. deodara, ]. communis, P. nigra,
& 12 Fusarium brachygibbosum Padwick Nectriaceae (As 11 0.9 4 €
= comycota) P. pungens
<
5 Alternaria infectoria E.G. Sim- Pleosporaceae C. sempervirens, P. pungens,
£ 13 11 0.9 < S ‘ ; .
1 mons group (Ascomycota) P. orientalis, P. nigra, T. occidentalis
<
=
° C. atlantica, C. deodara, P. nigra,
Z Cladosporium limoniforme Bensch, Cladosporiaceae . . e
14 10 0.9 P, orientalis, P. strobus, P. pinea,
Crous & U. Braun (Ascomycota) . }
T. occidentalis
15 Bipolaris cynodontis (Marignoni)  Pleosporaceae 9 0.8 C. deodara, C. sempervirens, P. nigra
Shoemaker (Ascomycota)
Mucoraceae (Zy- . .
16 Mucor Racemosus Fresen. 9 0.8 C. deodara, C. sempervirens, P. nigra
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Table 2 to be continued

No. Species of microscopic fungi Family (division) Ngmber FI (%) Coniferous species
(accepted name) of isolates
17 Fusarium equiseti (Corda) Sacc. Nectriaceae 9 0.8 C. atltfntlca, C. fieodara, C. semper-
(Ascomycota) virens, P. nigra, P. pungens
C. atlantica, C. deodara, C. sem-
18 Botryosphaeria dothidea (Moug.) Botryosphaeriace- 3 0.7 pervirens, J. virginiana, P. nigra,
Ces. & De Not ae (Ascomycota) ’ P. orientalis, P. pinea, P. strobus,
T. occidentalis,
19 Preussia lignicola (W. Phillips &  Sporormiaceae - 0.6 C. deodara, P. nigra, C. sempervirens
Plowr.) Kruys (Ascomycota)
20  Neurospora intermedia F.L. Tai Sordariaceae 7 0.6 C deoéam, C SCMpErVITens,
(Ascomycota) P, nigra, T. occidentalis,
i C. sempervirens, P. orientalis,
21 Chaetomium globosum Kunze Chaetomiaceae 6 0.5 P )
(Ascomycota) P, nigra
29 Xylaria cubensis (Mont.) Fr. Xylariaceae 6 0.5 A. pinsapo, C. deoda{‘a, P. pungens,
(Ascomycota) C. sempervirens
Choanephora infundibulifera  Choanephoraceae . . . .
23 (Curr) D.D. Cunn. (Zygomycota) 5 0.4 C. atlantica, P. nigra, P. orientalis
Sporormiella minima (Auersw.) S.I.  Sporormiaceae . .
24 4 . , P , P
_ Ahmed & Cain (Ascomycota) 5 0 C. sempervirens, P. nigra, P. strobus
(7
§ 95 Phanerochaete sordida (P. Karst.) Phanerochaetaceae 4 0.3 C. atlantica, C. sempervirens,
& g .
2 J. Erikss. & Ryvarden (Basidiomycota) P, orientalis
<
] i . ica, C. J y
£ 2% Epicoccum sp. Didymellaceae 4 0.3 C. atlantica, C. sempervirens
s (Ascomycota) C. deodara
<
) 27 Arthrinium sacchqrz (Speg.) M.B. Apiosporaceae 4 0.3 C. deodara, P. orientalis, P. nigra
Z Ellis (Ascomycota)
28 Penicillium sp. Aspergilaceae 2 0.2 C. deodara, P. nigra
(Ascomycota)
29 Alternaria sp. Pleosporaceae 2 0.2 T. baccata, P. orientalis
(Ascomycota)
Sydowia polyspora (Bref. & Tavel)  Dothioraceae .
30 E. Mill (Ascomycota) 2 0.2 P, pinea, P. strobus
. ) Leptosphaeriace- .
31 Coniothyrium sp. ae (Ascomycota) 2 0.2 P. nigra
Fusarium citricola Guarnaccia, Nectriaceae .
32 Sand.-Den. & Crous (Ascomycota) 2 0.2 b nigra
33 Trichothecium roseum (Pers.) Link Incertae sedis 2 0.2 P nigra
34 Nigrospora oryzae (Berk &Broome) Apiosporaceae 1 01 P orientalis
Petch (Ascomycota)
Phanerochaeta-
35 Hyphodermella rosae (Bres.) ceae (Basidiomy- 1 0.1 C. sempervirens
Nakasone
cota)
36 Nonidentified species 47 4.0 Different species
Total 1169 100

FI—the frequency of occurrence of microscopic fungus in the total number of isolates — the ratio of the number of isolates
of a particular strain to the total number of isolated cultures in %
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Table 3. The frequency of occurrence (FPS) of the dominant pathogenic fungi in conifers by species (%)

Microscopic fungus

Plant Alternaria Notho- Phoma
No. : . . , , , ,
species  alternata Spshaaei;oe;;sts EIZZ-CO,,ZC,,ZM Slo;da;’za Curl;ularm Dotizzorellu phoma  odoratis- DtZ);Z;lla
group P g PP p- PP- quercina simi
1 Abies 100 25 25 50 75 0 0 0 0
pinsapo
2 Cedrus 89 67 67 56 11 0 56 11 22
atlantica
3 Cedrus 98 30 53 44 49 26 21 42 21
deodara
Chamae-
4 cyparis 100 0 25 75 100 0 0 0 0
lawsoniana
Cupressus
5 sempervi- 90 50 57 66 45 43 36 21 26
rens
¢ Jumperus 100 25 75 25 0 50 50 0 0
COmmunis
7 Juniperus g, 0 100 50 50 0 0 0 50
horizontalis
g Jumperus 100 50 50 50 50 50 50 0 0
vtrgtmana
9 Picea 95 32 58 32 47 37 16 0 5
pungens
10 Pinus nigra 93 93 38 47 52 10 14 22 24
11 Pinus pinea 100 67 33 33 0 0 0 0 33
1p  Dinus 100 25 100 0 25 0 0 75 0
strobus
13 Platycladus o 52 57 71 48 38 33 14 29
orientalis
14 Tlaxus 78 33 56 33 56 33 33 33 56
baccata
Thuja oc- 100 43 29 0 57 29 43 14 0
cidentalis
Total 95 39 55 42 44 21 23 16 18

EPS — the ratio of the number of conifers infected with a given strain to the total number of conifers in percent

plants. Twenty-eight species were identified. Their
share in the total number of isolates was 14%.

DISCUSSION

It is no longer disputed that the internal en-
vironment of plants, like that of animals, is not
sterile and is inhabited by microscopic organ-
isms (Mishra et al. 2014). An outwardly com-

pletely healthy and normally growing plant can
host one or more species of microorganisms.
They inhabit plant tissues and are integral com-
ponents of their micro-ecosystem. It has been
established that many of these endophytes are
virulent pathogens, with limited pathogenic
activity, and may latently exist in healthy plant
leaves and stems for years (Carroll 1988; Schulz,
Boyle 2005; Jia et al. 2016).
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A. alternata is a potent plant pathogen, with
more than 4 000 host species; it causes great dam-
age to agricultural products and it is a powerful
allergen. Alternaria is a ubiquitous fungus that
can be present in the host plant as both patho-
genic and non-pathogenic agent, which is respon-
sible for the production of specific host-dependent
toxins (Grunden et al. 2001; Ribeiro et al. 2020).
S. sapinea is a widespread pathogenic fungus (Af-
rica, Asia, Europe, America). It is distinguished
by high aggressiveness; it causes wilting of the apex
and it can be latent in the host plant for years.
The pathogen poses a great threat to both young
and old plants. Unfavourable environmental con-
ditions (drought, high temperature) contribute
to the spread of the disease. Plants with insect-
damaged bark and pines are easily infected with
diplodiosis. The fungus infects many genera of co-
nifers: Abies, Cupressus, Larix, Pinus, Picea, Thuja,
Juniperus (Miiller et al. 2018; Bufkamp et al. 2020).
E. nigrum is a widespread (ubiquitous) non-sys-
temic saprophyte fungus that under certain condi-
tions becomes a facultative parasite of plants and
causes the disease epicoccosis. In case of massive
spread it brings severe consequences; the fungus
is a risky factor for human and animal health. E. ni-
grum is considered to be one of the most important
fungal allergens. It synthesizes the allergen Epipl.
In sensitive people it causes allergic respiratory
disorders, respiratory diseases, rhinitis, sinusitis,
asthma (Noble et al. 1997). The pathogenic prop-
erties of S. lappae and degree of virulence have
not been fully studied. According to the literature,
the genus Sordaria in woody plants is considered
as a weak pathogen (Ivanova et al. 2016). The ge-
nus Curvularia is widespread and includes sap-
rophytes, as well as facultative parasites of plants,
animals and humans. In plants it causes leaf rot and
leaf burn (Krizsan et al. 2015; Kusai et al. 2016).
One of the species revealed in our samples, C. inae-
qualis, produces strong-acting mycotoxins — pyre-
nocine A and B; it causes inhibition of plant growth
and necrosis of leaves (Kim et al. 2000). Represen-
tatives of the genus Dothiorella (D. gregaria Sacc.,
D. iberica A.]J.L. Phillips, J. Luque & A. Alves) are
dangerous pathogens of woody plants and cause
the wilting of needles, branches, twigs, ulcers
on the stem, the wilting of the whole plant (Dis-
sanayake et al. 2016). D. iberica is a relatively newly
described species. It is an anamorph of Botryos-
phaeria iberica. From literary sources it is known
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as a serious plant pathogen of both wild and cul-
tivated vines (Vitis sylvestris), hop-hornbeam (Os-
trya) and others (Phillips et al. 2005). It is especially
dangerous when the teleomorphic form of Dothio-
rella — Botryosphaeria ribis develops on the same
plant (Mehl et al. 2013). However, the presence
of this agent was not observed in our study. Three
closely related species Nothophoma quercina (Sy-
dow & P. Sydow) Q. Chen & L. Cai, Phoma odo-
ratissimi Q. Chen and Didymella aliena (Fries) Q.
Chen & L. Cai belong to the family Didymellaceae,
which includes anamorphs and teleomorphs de-
scribed as different species, saprophytes, weak and
strong parasites, as well as superparasites (Sutton
1980; Deb et al. 2020).

Particular attention should be paid to the detec-
tion of such pathogens as Botryosphaeria dothidea,
Fusarium brachygibbosum, E equiseti, Preussia
lignicola, Bipolaris cynodontis. Also noteworthy
is the classic endophyte Sydowia polyspora. Accord-
ing to some researchers, it is found in the dominant
status only in the endophytic microflora of healthy
pines (BufSkamp et al. 2020). Thus, the low frequen-
cy of S. polyspora in Thilisi and its surrounding
plantations should be the indication of the un-
healthy condition of the capital’s pines.

The particular scarcity of basidiomycetes in the mi-
croflora of the tested plants should be explained
by the fact that the method used in the experiment
(especially surface sterilization of the branches) and
the nutrient area were mainly focused on the culti-
vation of microscopic fungi. In addition, it is known
that microscopic fungi are characterized by much
faster growth ability; that is why they occupy a niche
faster than Basidiomycota (Zheng et al. 2020).

Due to the very low frequency of individual non-
dominant species, they could not play a significant
role in the large-scale dieback of trees; therefore,
the focus was on the dominant species to deter-
mine the causes of the problem.

While comparing the microflora of the studied
species no significant differences were found. In al-
most all tested species, all eight dominant pathogens
were present together, with a few exceptions (Tables
2 and 3). Thus, co-infection — coexistence of mul-
tiple pathogens occurred in all studied conifers.

Establishment of possible relationships between
plant pathogens is the object of intensive research
in scientific circles today (Abdullah et al. 2017).
However, the main purpose of our experiment was
to determine the causes of conifer dieback through-



Journal of Forest Science, 67, 2021 (10): 464—476

Original Paper

https://doi.org/10.17221/79/2021-JES

out the city and not to elucidate the relationships
between pathogens. Though, the obtained results
gave us at least some idea from this point of view.
The first-order dominant among pathogens A. al-
ternata is found in almost all species of conifers
with almost equal frequency (78-100%), which
is an indicator of high competitiveness of this spe-
cies compared to other identified fungi. Presum-
ably it “owns” a defined niche quickly, however, it
does not rule out the coexistence of other species.
In the latent phase of existence in the host plant,
Alternaria produces substances that cause struc-
tural modification of the mycelium of Plasmopara
viticola inhabiting the same plant, and inhibits
the sporulation of the pathogen Oomycete; thus
even rendering a useful service to the host plant
(Ribeiro et al. 2020). However, under unfavour-
able physiological conditions A. alternata becomes
an aggressive pathogen in the host plant (Ri-
beiro et al. 2020). One of the mechanisms by which
the biotrophic fungus is transformed into a necro-
troph lies in the synthesis of non-ribosomal toxic
peptides. With these toxins it kills host cells and
uses them for food (Ribeiro et al. 2020).

S. sapinea is a pathogen of conifers and especially
of pines in many countries of the world, in tem-
perate and subtropical zones. It is latently present
in various pine organs for a long period (Bihon et al.
2011). As far as various stress factors (drought, hail,
pests, etc.) more or less weaken the plant, the la-
tent pathogen turns into an aggressive patho-form
and begins an active development; which is ul-
timately manifested by symptoms of the disease
(Miiller et al. 2018)

The frequency of another dangerous pathogen
Dothiorella was highest in Cupressus sempervirens,
Juniperus communis, J. virginiana, Platicladus orien-
talis and Picea pungens (Table 3). It should be noted
that Sphaeropsis and Dothiorella are so dangerous
pathogens of conifers (and not only of them) that
they can cause the plant death (Smahi et al. 2017).
The coexistence of these two severe pathogens was
detected in most tested conifers. Presumably, they
“play” a leading role in the massive drying of co-
niferous plants in the city against the background
of the coexistence of other pathogens.

From the table it is clear that Chamaecyparis
lawsoniana is a particularly favourable environ-
ment for Curvularia (Table 3). It was isolated from
all the tested trees of this conifer. The genus Curvu-
laria is known for its ability to produce mycotox-

ins (Rout et al. 1989), which may inhibit the genus
S. sapinea, D. iberica, and Phoma in this species.

The increased frequency of pathogens in conifers
indicates that from a latent state they went to an
“aggressive” one. Based on the analysis of the ob-
tained results, it may be assumed that the activa-
tion of pathogenic fungi from the latent state had
certain reasons. The main purpose of the experi-
ment was to determine these reasons.

Many factors need to be considered here, includ-
ing the important interactions between the host
plant and its microbiocoenosis.

It is generally known that the mutualistic re-
lationship is often formed between endophytes
and the host plant. Microorganisms that settle
on the vegetative parts of the host remain metabol-
ically inactive for a long time; but when host plant
tissues are damaged by an animal or insect, or even
exposed to some abiotic stress, the growth of “in-
ducible mutualists” is activated, and they even begin
to produce toxins against harmful factors (Carroll
1988). Thus, the seemingly “benevolent” relation-
ship of the latent pathogen and its host plant is not
so simple and at some point of the coexistence it
may change from mutualistic to cryptic commen-
salism, or even to latent and virulent pathogenicity.
Researchers believe that such a change (depend-
ing on environmental conditions, host inheritance,
microorganism species, and form of interaction)
is a common phenomenon in balancing the sym-
biotic relationships (Stergiopoulos, Gordon 2014).

It has been established by a number of authors
that a balanced state between the virulence of latent
pathogens and the host plant protection reactions
prevents disease development in the plant. As far
as the balance established between antagonists shifts
to the fungal side (which, for example, can be caused
by the host plant stress), the pathogen is activated and
eventually it leads to complete destruction of the host
(Schulz, Boyle 2005; Newton et al. 2010). Based
on the above speculations, abiotic stress is the main
factor in the activation of latent pathogens; in case
of Thilisi — the dire ecological situation in the capital.

It is known that Thbilisi is included in the list
of high-impact municipalities, where in the near
future (for 2021-2050) a sharp deterioration
of living conditions is expected due to chang-
es in the absolute maximum temperature and
the annual average number of hot days (The Geor-
gian Road Map on Climate Change Adaptation
2016). In terms of studying the climate change
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it was revealed that the average annual tem-
perature in Tbilisi has increased by 0.4 °C (com-
pared to the 60s of the last century). An increase
in the intensity of heat waves, and the tendency
of intensification of the effect of so-called thermal
islands have also been noted, which in addition
to the chaotic urban development of Thilisi, fur-
ther aggravates the already stressful environmen-
tal conditions for plants (Georgia’s Third National
Communication to the UN Framework Conven-
tion on Climate Change 2015). There is a very se-
rious situation and pessimistic forecast in terms
of average annual precipitation as well. Tbilisi
is a low-rainfall city with average annual precip-
itation of 560 mm. In the last decade, in Kvemo
Kartli, which borders Thilisi to the east, south and
partly to the west, there has been a 5% decrease
in average annual rainfall, which is an indicator
of deteriorating living conditions for plants (Eliz-
barashvili et al. 2017).

Along with high temperatures and water short-
ages, the severe ecological condition of the city
is further aggravated by air pollution with harmful
gases and dust particles (Annual of Air Pollution
in the Territory of Georgia 2017).

CONCLUSION

The mycological study of coniferous plantations
in Thilisi and its surroundings revealed the great
diversity of endomycoflora. Eight dominant spe-
cies were recognized as pathogens of different
severity. As for non-dominant mycoflora, both
pathogenic and beneficial species were found
among them. Particular attention should be paid
to the detection of such pathogens as Botryos-
phaeria dothidea, Fusarium brachygibbosum,
Fusarium equiseti, Preussia lignicola, Bipolaris
cynodontis. Due to the very low frequency of in-
dividual non-dominant species, they could not
play a significant role in the large-scale dieback
of conifers. It may be supposed that weakening
of the immunity of conifers on the background
of increasing abiotic stresses in Tbilisi over
the years has led to an imbalance between latent
pathogens and host plants and a massive acti-
vation of pathogenic fungi; this eventually led
to the depressing consequences of tree dieback.

The phenomenon of massive disease and wilt-
ing of coniferous species in the capital is a warning
for the near future: if some measures are not taken
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to mitigate the situation, we will get the same result
with deciduous trees.

Acknowledgement: We thank Giorgi Andiashvi-
li, Tamar Modebadze and Ekaterine Iluridze — stu-
dents of the faculty of Agrarian Technologies and
Biosystems Engineering of the Georgian Techni-
cal University for their technical support in labo-
ratory works. We would also like to thank JSC
brewery “Argo” for providing with the beer wort
throughout the work, needed to prepare medium
for microorganisms.

REFERENCES:

Abdaladze N., Bregadze N., Ugrekhelidze M. (2019): The city
full of diseased trees. Investigative journalists’ team. Avail-
able at: https://ifact.ge/en/diseased-trees/

Abdullah A.S., Moffat C.S., Lopez-Ruiz EJ., Gibberd M.R.,
Hamblin J., Zerihun A. (2017): Host-multi-pathogen war-
fare: Pathogen interactions in co-infected plants. Frontiers
jn Plant Science, 8: 1806.

Agrios G.N. (2005): Plant Pathology. 5" Ed. Amsterdam,
Elsevier Academic Press: 922.

Annual of air pollution on the territory of Georgia (2018):
Data from the Environmental Pollution Monitoring De-
partment of the National Environment Agency. Thbilisi,
National Environmental Agency: 52. Available at: https://
air.gov.ge (in Georgian).

Arnold A.E., Lutzoni F. (2007): Diversity and host range
of foliar fungal endophytes: Are tropical leaves biodiversity
hotspots? Ecology, 88: 541-549.

Ayoubi N., Soleimani M.]., Zare R., Zafari D. (2017): First re-
port of Curvularia inaequalis and C. spicifera causing leaf
blight and fruit rot of strawberry in Iran. Nova Hedwigia,
105: 75-85.

Bengtsson-Palme J., Ryberg M., Hartmann M., Branco S.,
Wang Z., Godhe A., De Wit P, Sanchez-Garcia M., Eb-
ersberger 1., de Sousa F.,, Amend A., Jumpponen A., Un-
terseher M., Kristiansson E., Abarenkov K., Bertrand Y.J.K.,
Sanli K., Eriksson K.M., Vik U., Veldre V., Nilsson R.H.
(2013): Improved software detection and extraction of ITS1
and ITS2 from ribosomal ITS sequences of fungi and other
eukaryotes for analysis of environmental sequencing data.
Methods in Ecology and Evolution, 4: 914-919.

Bihon W., Slippers B., Burgess T., Wingfield M.J., Wing-
field B.D. (2011): Sources of Diplodia pinea endophytic
infections in Pinus patula and P. radiata seedlings in South
Africa. Forest Pathology, 41: 370-375.

Brader G., Compant S., Vescio K., Mitter B., Trognitz F.,
Ma L.J., Sessitsch A. (2017): Ecology and Genomic In-



Journal of Forest Science, 67, 2021 (10): 464—476

Original Paper

https://doi.org/10.17221/79/2021-JES

sights into plant-pathogenic and plant-nonpathogenic
endophytes. Annual Review of Phytopathology, 55: 61-83.

BufSkampJ., Langer G.J., Langer E.J. (2020): Sphaeropsis sapinea
and fungal endophyte diversity in twigs of Scots pine (Pinus
sylvestris) in Germany. Mycological Progress, 19: 985-999.

Carroll G. (1988): Fungal endophytes in stems and leaves: From
latent pathogen to mutualistic symbiont. Ecology, 69: 2—9.

Deb D., Khan A., Dey N. (2020): Phoma diseases: Epidemiol-
ogy and control. Plant Pathology 69: 1203—-1217.

Dissanayake A.J., Camporesi E., Hyde K.D., Phillips A.J.L.,
Fu C.Y, Yan J.Y,, Li X.H. (2016): Dothiorella species as-
sociated with woody hosts in Italy. Mycosphere, 7: 51-63.

Elizbarashvili M., Elizbarashvili E, Tatishvili M., Elizbarash-
vili Sh., Meskhia R., Kutaladze N., King L., Keggenhoft L.,
Khardziani T. (2017): Georgian climate change under global
warming conditions. Annals of Agrarian Science, 15: 17-25.

Lagamayo E.N. (2015): Fungal isolation protocol. Available at:
www.afwgonline.com/.../fungal-isolation-protocol

Grunden E., Chen W.D., Crane J.L. (2001): Fungi colonizing
microsclerotia of Verticillium dahliae in urban environ-
ments. Fungal Diversity, 8: 129-141.

IPCC (2012): Managing the Risks of Extreme Events and Di-
sasters to Advance Climate Change Adaptation. A Special
Report of Working Groups I and II of the Intergovern-
mental Panel on Climate Change. Cambridge, Cambridge
University Press: 582.

Ivanova H., Pristas P., Ondruskova E. (2016): Comparison
of two Coniochaeta species (C. ligniaria and C. malacotri-
cha) with a new pathogen of black pine needles — Sordaria
macrospora. Plant Protection Science, 52: 18—25.

Jentsch A., Kreyling J., Beierkuhnlein C. (2007): A new gen-
eration of climate-change experiments: events, not trends.
Frontiers in Ecology and the Environment, 5: 365—-374.

Jia M., Chen L., Xin H.-L., Zheng C.-]., Rahman K., Han T.,
Qin L.-P. (2016): A friendly relationship between endo-
phytic fungi and medicinal plants: A systematic review.
Frontiers in Microbiology, 7: 906.

Kim C.K,, Eo J.K., Eom A.H. (2013): Diversity and seasonal
variation of endophytic fungi isolated from three conifers
in Mt. Taehwa, Korea. Mycobiology, 41: 82-85.

Kim].-C., Choi G.J., Kim HT., Kim H.-]., Cho K.Y. (2000): Patho-
genicity and pyrenocine production of Curvularia inaequalis
isolated from zoysia grass. Plant Disease, 84: 684—688.

Krizsan K., Papp T., Manikandan P., Shobana C.S., Chan-
drasekaran M., Vagvolgyi C., Kredics L. (2015): Clinical
importance of the genus Curvularia. In: Razzaghi-Abyaneh
M, Shams-Ghahfarokhi M., Rai M. (eds): Medical Mycol-
ogy: Current Trends and Future Prospects. Boca Raton,
CRC Press: 147-204.

Kusai N.A., Azmi M.M.Z., Zulkifly S., Yusof M.T., Zainu-
din N.A.LLM. (2016): Morphological and molecular charac-

terization of Curvularia and related species associated with
leaf spot disease of rice in Peninsular Malaysia. Rendiconti
Lincei, 27: 205-214.

Linnakoski R., Sugano J., Junttila S., Pulkkinen P., Asieg-
bu F.O., Forbes K.M. (2017): Effects of water availability
on a forestry pathosystem: fungal strain-specific variation
in disease severity. Science Reports, 7: 13501.

Mehl J.W.M., Slippers B., Roux J., Wingfield M.J. (2013):
Cankers and other diseases caused by the Botryosphaeri-
aceae. In: Gonthier P, Nicolotti G. (eds): Infectious Forest
Diseases. Wallingford, CABI: 298-317.

Mishra Y., Singh A., Batra A., Sharma M.M. (2014): Un-
derstanding the biodiversity and biological applications
of endophytic fungi: A review. Journal of Microbial and
Biochemical Technology, S8: 004.

Miiller M.M., Hantula J., Wingfield M., Drenkhan R. (2018):
Diplodia sapinea found on Scots pine in Finland. Forest
Pathology, 49: €12483.

Newton A.C., Fitt B.D., Atkins S.D., Walters D.R., Dani-
ell T.J. (2010): Pathogenesis, parasitism and mutualism
in the trophic space of microbe-plant interactions. Trends
in Microbiology, 18: 365-373.

Noble J.A., Crow S.A., Ahearn D.G., Kuhn F.A. (1997): Aller-
gic fungal sinusitis in the southeastern USA: involvement
of a new agent Epicoccum nigrurn Ehrenb. ex Schlecht. 1824.
Journal of Medical and Veterinary Mycology, 35: 405—409.

Pavlov I.N. (2015):Bioticheskie i abioticheskie factory
usikhaniya khvoynikh lesov Sibiri i Dalnego Vostoka.
Sibirskiy. Ekologocheskiy Jurnal, 4: 537—554. (in Russian)

Phillips A., Alves A., Correia A., Luque J. (2005): Two new
species of Botryosphaeria with brown, 1-septate ascospores
and Dothiorella anamorphs. Mycologia, 97: 513-529.

Ribeiro T.H.C., Fernandes-Brum C.N., de Souza C.R.,
Dias FAN,, de Almeida-Junior O., de Albuquerque Re-
gina M., de Oliveira K.K.P,, dos Reis G. L., Oliveira L. M., de
Paula Fernandes F., Torregrosa L., de Souza J.T., Chalfun-
Junior A. (2020): Transcriptome analyses suggest that
changes in fungal endophyte lifestyle could be involved
in grapevine bud necrosis. Scientific Reports, 10: 9514.

Rout N, Nanda B.K., Gangopadhyaya S. (1989): Experimental pheo-
hyphomycosis and mycotoxicosis by Curvularia lunata in albino
rats. Indian Journal of Pathology and Microbiology, 32: 1-6.

Sayers E.W., Barrett T., Benson D.A., Bolton E., Bryant S.H., Ca-
nese K., Chetvernin V., Church D.M., DiCuccio M., Federhen
S., Feolo M., Fingerman .M., Geer L.Y., Helmberg W. et al.
(2011): Database resources of the National Center for Biotech-
nology Information. Nucleic Acids Research, 40: D13-D25.

Schulz B., Boyle C. (2005): The endophytic continuum. My-
cological Research, 109: 661-686.

Smahi H., Belhoucine-Guezouli L., Berraf-Tebbal A.,
Chouih S., Arkam M., Franceschini A., Linaldeddu B.T.,

475



Original Paper

Journal of Forest Science, 67, 2021 (10): 464—476

Phillips A.J.L. (2017): Molecular characterization and
pathogenicity of Diplodia corticola and other Botry-
osphaeriaceae species associated with canker and dieback
of Quercus suber in Algeria. Mycosphere, 8: 1261-1272.

Smith M.D. (2011): An ecological perspective on extreme
climatic events: a synthetic definition and framework
to guide future research. Journal of Ecology, 99: 656—663.

Stergiopoulos ., Gordon T.R. (2014): Cryptic fungal infec-
tions: the hidden agenda of plant pathogens. Frontiers
in Plant Science, 5: 506.

Strobel G. (2018): The emergence of endophytic microbes and
their biological promise. Journal of Fungi, 4: 57.

Sutton B.C. (1980): The Coelomycetes. Kew, Commonwealth
Mycological Institute: 253.

The Georgian Road Map on Climate Change Adaptation (2016):
Available at: http://nala.ge/climatechange/uploads/Road-
Map/TheRoadMapEngPre-design_reference191_Final.pdf

Georgia’s Third National Communication to the UN Frame-
work Convention on Climate Change (2015): Tbilisi, Min-
istry of Environment and Natural Resources Protection
of Georgia: 262.

476

https://doi.org/10.17221/79/2021-JES

Tollenaere C., Susi H., Laine A.L. (2016): Evolutionary
and epidemiological implications of multiple infection
in plants. Trends in Plant Science, 21: 80-90.

Vujanovic V., St-Arnaud M., Barabé D., Thibeault G. (2000):
Viability testing of orchid seed and the promotion of co-
louration and germination. Annals of Botany, 86: 79-86.

Weed A.S., Ayres M.P., Hicke J.A. (2013): Consequences
of climate change for biotic disturbances in North Ameri-
can forests. Ecological Monographs, 83: 441-470.

White T.J., Bruns T., Lee S., Taylor J. (1990): Amplification
and direct sequencing of fungal ribosomal RNA genes for
phylogenetics. In: Innis M.A., Gelfand D.H., Sninsky J.]J.,
White T.J. (eds): PCR Protocols. A Guide to Methods and
Applications. San Diego, Academic Press: 315—322.

Zhang Z., Schwartz S., Wagner L., Miller W. (2000): A greedy
algorithm for aligning DNA sequences. Journal of Compu-
tational Biology, 7: 203-214.

Zheng W., Lehmann A., Ryo M., Vélyi K.K,, Rillig M.C. (2020):
Growth rate trades off with enzymatic investment in soil

filamentous fungi. Scientific Reports, 10: 11013.

Received: June 15, 2021
Accepted: September 13, 2021



