ResearchiArticle
olgfs 10,5582/ iforda 07013
vol, 13, vo, 507-517,

Phytopathogenic fungi in forest nurseries of Middle Siberia

The paper presents the results of phytopathogenic fungi determination in
bare-root forest nurseries of Middle Siberia. Genetic analysis of pathogenic mi-
croflora of Pinus sylvestris L., Pinus sibirica Du Tour and Picea obovata
Ledeb. seedlings allowed identification of 17 genera of micromycetes: Phoma
Sacc., Lophodermium Chevall., Sclerophoma Hohn. (teleomorph Sydowia
Bres.), Cladosporium Link, Alternaria Nees, Typhula (Pers.) Fr. etc. Most fre-
quently detected fungi represented genera Phoma (23.7 %) and Lophodermium
(23.6 %). Pinus sylvestris L. seedlings harboured the highest diversity of fun-
gal taxa. Seven genera of microscopic fungi (Phoma sp., Didymella sp., Altern-
aria sp., Cladosporium sp., Lophodermium sp., Gremmenia sp., Sclerophoma
sp.) were detected in all studied forest zones: taiga, forest-steppe and South-
ern-Siberian mountain. The obtained results demonstrate the usefulness of
DNA analysis for the identification of phytopathogenic fungi in forest nurseries
of Middle Siberia with several implications for increasing the efficacy of forest
management.
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Introduction

The quality of the reproductive material
for afforestation/reforestation activities is
one of the most important problems of the
Russian forest sector at the present time
(Bespalova et al. 2019). Almost 200 forest
nurseries in Middle Siberia provide planting
stock for the state afforestation program.
Most seedlings are grown using bare-root
cultivation system. As a rule, the produc-
tion of planting material in such a way is as-
sociated with some losses which can be
caused by a number of abiotic and biotic
factors (Ndobe 2012, Kec¢a 2016). The abi-
otic disorders could be linked to inappro-
priate cultivation practices or environmen-
tal factors, and among a wide variety of bi-
otic factors, pathogenic fungi are impor-
tant stressors affecting tree health (De-
sprez-Loustau et al. 2006, Lilja et al. 2010).

Significant losses of coniferous seedlings
due to the spread of fungal infections are
observed every year in forest nurseries of
Middle Siberia. A violation of homeostasis

of microbial cenoses in forest nursery soils,
associated with an adverse environmental
situation is one of the causes of fungal epi-
phytotics in the region (Shilkina 2004). The
study of the microbial community and the
combination of a wide range of environ-
mental factors that determine its stability
and variability deserves attention concern-
ing possible prediction of the spread of cer-
tain groups of microorganisms, in particu-
lar plant pathogenic fungi.

It is rather difficult to define the border
between fungal infections because they
usually begin with similar symptoms and
their visual inspection is often unreliable
(Stenstrom et al. 2014, Shestibratov et al.
2018). In this case the molecular genetic
analysis is one of the most effective meth-
ods of early diagnostics and taxonomical
determination of pathogens in forest nurs-
eries. It allows detecting pathogen DNA
with high accuracy and at an early stage of
the disease development (Kernaghan et al.
2003, Menkis 2005, Baranov et al. 2010,
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Okorski et al. 2019). The goal of our study
was to identify phytopathogenic fungi on
Pinus sylvestris L., Pinus sibirica Du Tour and
Picea obovata Ledeb. seedlings in 29 bare-
root forest nurseries of Middle Siberia by
sequencing the internal transcribed spacer
of the fungal ribosomal DNA (ITS rDNA).

Material and methods

The microflora of 1410 Scots pine (Pinus
sylvestris L.), 600 Siberian stone pine (Pi-
nus sibirica Du Tour) and 600 Siberian
spruce (Picea obovata Ledeb.) diseased
seedlings from 29 forest nurseries of Mid-
dle Siberia was studied over a period of 6
years. The forest nurseries are located in
three forest zones: taiga, forest-steppe,
Southern-Siberian mountain (Consortium
Kodeks 2020 - Tab. 1, Fig. 1). Before sam-
pling, the forest nurseries were examined
and then 30 seedlings with disease symp-
toms (yellowing, browning, damping off,
etc.) were drawn from the entire area in
each age group (Innovations in Russia
2013). The plants without signs of damage
were used as control samples. Additionally,
435 control samples were analyzed.

The laboratory analyses generally follow-
ed the study by Menkis et al. (2006). In
brief, DNA from the damaged plant tissues
(needles) was extracted using the Cetyl
Trimethyl Ammonium Bromide (CTAB)
method (Doyle & Doyle 1990). The univer-
sal primers ITS1 and ITS4 were used to am-
plify the ITS1-5.8S/ITS2 regions between
the 18S and 28S nuclear rDNA (White et al.
1990). PCR was performed using GenPak®
PCR Core Kit (Laboratory Isogen Ltd., Rus-
sia); 20 pl of the reaction mix were pre-
pared including 2.5 pl of each primer (20
uM) and 5 pl of DNA template. The amplifi-
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; Tab. 1 - Twenty-nine forest nurseries in Middle Siberia where diseased seedlings of Pinus sylvestris L., Pinus sibirica Du Tour and Picea
2 obovata Ledeb. were investigated using direct sequencing method. Forest zones: (T) Taiga; (Fs) Forest-steppe; (SSm) Southern-
3 Siberian mountain.
(i
'E No Forest nursery Forest Fungal taxa
= zone
3 1 Abanskiy T Lophodermium seditiosum, Phoma sp., Gremmenia sp., Typhula intermedia, Sclerophoma sp.
v 2 Bolsheuluyskiy T Alternaria tenuissima, Alternaria alternata, Alternaria sp., Phoma sp., Herpotrichia sp.
5 3 Dolgomostovskiy T Cladosporium sp., Phoma sp., Didymella macrostoma
E 4  Kemskiy T Typhula intermedia, Lophodermium seditiosum, Alternaria sp.
o 5 Maklakovskiy T Gremmenia infestans, Phoma sp., Lophodermium seditiosum
%’D 6 Pirovskiy T Alternaria sp.
R 7 Reshotinskiy T Cladosporium sp., Lophodermium seditiosum, Gremmenia infestans, Phoma sp., Rhizoctonia sp.,
o Typhula sp.
_.L 8 Taseevskiy T Cladosporium sp., Lophodermium seditiosum, Lophodermium sp., Phoma sp., Rhizoctonia solani,
3 Sclerophoma sp.
- 9 Tinskiy T Phoma sp., Typhula sp.
|2 10 Tyukhtetskiy T Herpotrichia juniperi
= 11 Bogradskiy Fs Phoma sp.
12 Dzerzhinskiy Fs Sclerophoma sp.
13 Ilanskiy Fs Lophodermium seditiosum, Sclerotinia sp.
14 Kemchugskiy Fs Botrytis sp., Cladosporium sp., Coleosporium sp., Didymella macrostoma, Lophodermium seditiosum,
Lophodermium sp., Phoma sp.
15 Maganskiy Fs Lophodermium seditiosum, Typhula sp.
16 Mininskiy Fs Didymella pomorum, Phoma sp.
17 Sukhobuzimskiy Fs Alternaria sp., Phoma sp.
18 Tayezhnyy Fs Lophodermium seditiosum, Phoma sp., Typhula sp.
19 Talovskiy Fs Alternaria sp., Cladosporium sp., Lophodermium seditiosum, Gremmenia sp., Phoma sp.,
Gremmeniella abietina, Sclerophoma sp., Septorioides pini-thunbergii
20 Trudnovskiy Fs Botrytis sp., Cladosporium sp., Herpotrichia sp., Phoma sp., Sclerophoma sp.
21 Tuimskiy Fs Phoma sp.
22 Uzhurskiy Fs Didymella glomerata, Lophodermium seditiosum, Lophodermium sp., Phoma sp.
23 Uyarskiy Fs Phoma sp.
24 Verkhnemanskiy SSm  Lophodermium seditiosum, Lophodermium sp.
25 Goryachegorskiy SSm  Alternaria sp., Cladosporium sp., Didymella macrostoma, Epicoccum sp., Phoma sp., Rhizoctonia
solani
26 Ermakovskiy SSm  Alternaria alternata, Alternaria tenuissima, Cladosporium sp., Lophodermium pinastri, Lophodermium
seditiosum, Gremmenia sp., Phoma sp., Sclerophoma sp.
27 Kazyrskiy SSm  Phoma sp.
28 Verkhnetashtypskiy SSm  Phoma sp., Rhizoctonia solani
29 Shalinskiy SSm  Cladosporium herbarum, Cladosporium sp., Lophodermium seditiosum, Phoma sp., Ramularia sp.,
Sclerotinia nivalis
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cation cycle consisted of an initial denatu-
ration step at 94 °C for 1 min, followed by
35 cycles of 94 °C for 15 sec, 60 °C for 20
sec, and 72 °C for 26 sec, and a final exten-
sion at 72 °C for 10 min. The PCR products
were electrophoresed in a 2% agarose gel
in Tris-borate-EDTA (TBE) (1x) buffer,
stained with ethidium bromide and visual-
ized under UV light. The PCR products
were then excised and purified using the
BioSilica Kit (BioSilica Ltd., Russia) follow-
ing the manufacturer’s instructions. Se-
quencing reactions were performed using
the BigDye® Terminator v3.1 Cycle Sequenc-
ing Kit (Applied Biosystems, Foster City,
CA, USA) according to the manufacturer’s
instructions. The DNA sequence analysis
was performed on an ABI PRISM 310° ge-
netic analyzer (Applied Biosystems, Foster
City, CA, USA). For taxonomic identification
sequences were submitted to the NCBI
Genbank database (NCBI 2020). The crite-
ria used for identification were: sequence
coverage >80%, identity to species level 98-
100%, identity to genus level 94-97%. Se-
quences not matching those criteria or
lacking taxonomic names in the reference
sequences were considered unidentified
and therefore were not taken into analysis.
The taxonomy of identified fungi was up-
dated in accordance with the international
database Index Fungorum (2020).

Results and discussion

Amplification of fungal ITS rDNA from
2610 diseased seedlings was successful for
2341(89.7%) samples. Each of the PCR reac-
tions produced one to three amplicons. Di-
rect sequencing of all amplicons resulted in
2710 sequences. Among them, 1596 (58.9%)
sequences were identified and taken into
analysis. DNA analysis of 435 control sam-
ples resulted in 159 sequences. However,
72 (45.3%) of them were of low quality and
were discarded from the analysis. Eighty-
seven control samples contained genetic
material of saprotrophic (Aspergillus sp.,
Penicillium sp., Rhizopus sp.) and condition-
ally pathogenic fungi (Phoma sp., Scleroph-
omad sp., Cladosporium sp.).

The representatives of 17 genera of path-
ogenic and conditionally pathogenic fungi
were identified in forest nurseries of Mid-
dle Siberia: Phoma Sacc. and Didymella
Sacc., Lophodermium Chevall., Scleroph-
oma Hohn. (teleomorph Sydowia Bres.),
Cladosporium Link, Alternaria Nees, Typh-
ula (Pers.) Fr., Herpotrichia Fuckel., Grem-
menia Korf., Rhizoctonia DC., Sclerotinia
Fuckel, Botrytis P. Micheli ex Pers., Coleo-
sporium Lév, Epicoccum Link, Gremmeniella
M. Morelet (Scleroderris [Fr.] Bonord.),
Septorioides Quaedvl., Verkley & Crous, Ra-
mularia Sacc. Interestingly, 7 genera of
these micromycetes were found in all stud-
ied forest zones, but most of them were
present in nurseries located in forest-
steppe zones (Tab. 2). Apart from this, sev-
eral genera of mold fungi were also deter-
mined in infected seedlings: Aspergillus P.
Micheli, Penicillium Link and Rhizopus Ehr-
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Tab. 2 - Phytopathogens observed on Pinus sylvesrtis L., Pinus sibirica Du Tour and
Picea obovata Ledeb. seedlings in different forest zones of Middle Siberia.

Forest zone Host tree species

F © o e é 5 % “ E wo o 2

et S E5fsc S ALt
F o8 § 3 g a % Q '3 Q .8

Alternaria sp. (A. alternata [Fr.] Keissl.) + + + +

Alternaria sp. (A. tenuissima [Kunze] Wiltshire) + - +

Alternaria sp. + + +

Botrytis sp. + - +

Cladosporium sp. + + + + +

Cladosporium sp. (C. herbarum [Pers.] Link) + +

Didymella (D. glomerata [Corda] Q. Chen & L. - + - +

Cai)

Didymella (D. macrostoma [Mont.] Q. Chen & L.  + + + + - +

Cai)

Didymella (D. pomorum [Thiim.] Q. Chen & L. - + - - +

Cai)

Epicoccum sp. + +

Gremmenia sp. + + - + +

Gremmenia sp. (G. infestans [P. Karst.] Crous = + - - +

Phacidium infestans P. Karst.)

Gremmeniella sp. (G. abietina [Lagerb.] M. + - +

Morelet = Scleroderris lagerbergii Gremmen)

Herpotrichia sp. + + +

Herpotrichia juniperi (Sacc.) Petr. + +

Lophodermium sp. (L. seditiosum Minter, Staley + + + + +

& Millar)

Lophodermium sp. (L. pinastri [Schrad.] + +

Chevall.)

Phoma sp. + + + + + +

Sclerophoma sp. (teleomorph - Sydowia Bres.) + + + + + +

Septorioides sp. (S. pini-thunbergii [S. Kaneko] - + - - +

Quaedvl., Verkley & Crous)

Typhula sp. + - +

Typhula sp. (T. intermedia Appel & Laubert) +

Sclerotinia sp. + - +

Sclerotinia sp. (S. nivalis |. Saito) + +

Ramularia sp. + +

Rhizoctonia sp. + +

Rhizoctonia sp. (R. solani J.G. Kuhn) + +

Coleosporium sp.

enb. Such molds are likely part of the seed-
lings natural microflora or are contami-
nants from soil that accumulate on seed-
ling shoots while lifting (Sutherland et al.
1991). In each of the nurseries pathogenic
microflora was represented by 1-8 genera
of microscopic fungi (Tab. 1). Ascomycetes
were the most common fungi identified in
the forest nurseries of Middle Siberia.

Scots pine seedlings harboured the high-
est diversity of fungal taxa (Fig. 2). Mostly
these are the fungi of genera Lophoder-
mium and Phoma, as well as Typhula, Cla-
dosporium, Alternaria, Sclerophoma, Rhi-
zoctonia, Gremmenia, Didymella, Scleroti-
nia, Botrytis, Coleosporium, Gremmeniella.
Eleven genera of micromycetes were
found on diseased seedlings of Siberian
stone pine. Among them the most domi-
nant are Sclerophoma, Cladosporium, Her-
potrichia and Phoma. The studied micro-

flora of Siberian spruce seedlings exhibited
the lowest diversity of fungal taxa, with a
predominance of Phoma sp., Sclerophoma
sp. and Alternaria sp. Consequently, six
genera of micromycetes were detected on
diseased seedlings of all studied host tree
species: Alternaria, Cladosporium, Didymel-
la, Gremmenia, Phoma and Sclerophoma.
The analysis showed that fungi belonging
to the genus Phoma (23.7%) were the most
common phytopathogens found on dis-
eased seedlings in forest nurseries of Mid-
dle Siberia (Fig. 3). They were detected on
Scots pine, Siberian stone pine and Siberi-
an spruce seedlings in 22 nurseries. Phoma
species are ubiquitous soil inhabitants. The
fungi invade seedlings from soil, usually
through the lower needles, then infection
spreads up the seedling crown, affecting
needles until the seedling is defoliated
(James 2012). Phoma spp. occur through-
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out the world and can be of significant eco-
nomic importance (Aveskamp et al. 2008,
Seredich 2016). In forest nurseries of Mid-
dle Siberia Phoma species have not been
previously diagnosed and therefore scarce
information is available on the pathogenic
fungi of this genus in the region.

The increase of the environmental ex-
tremes due to climate change may have
caused Phoma fungi to become active in
forest nurseries of Middle Siberia. As in
many cases of poor health, environmental
factors play a key role in the probability of
infection and transmission of the pathogen
(Lilja et al. 2010). Intensive cultivation prac-
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tices also could lead to natural accumula-
tion of the infection in forest nurseries. It
should be noted that the identification of
Phoma fungi in forest nurseries of Middle
Siberia has become possible mainly due to
the implementation of molecular genetic
diagnostics into phytopathological moni-
toring of forest nurseries. Hence, the study
of Phoma species biology, ecology and pa-
thogenic activities in the microflora of
coniferous seedlings is of great scientific
and practical interest. Besides, a number of
identified species of the genus Didymella
(1.5%), such as D. macrostoma, D. glomera-
ta, D. pomorum, were previously classified

Fig. 2 - The occurrence of
the main phytopathogens
on the seedlings of Pinus
sylvestris L., Picea obovata
Ledeb., Pinus sibirica Du
Tour.
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\/
Pinus sibirica Du Tour Picea obovataLedeb.
to the genus Phoma. It also indicates the
= Phoma sp. need for accurate study of the taxonomy

of Phoma species (Shilkina et al. 2018).

The second most frequently occurred
phytopathogens found in 14 forest nurs-
eries were Lophodermium fungi (23.6%).
Lophodermium is a well-known fungal ge-
nus which occurs in pine needles (Ortiz-
Garcfa et al. 2003, Millberg 2015). In the
present study two species of this genus
were identified in needles of Scots pine
and Siberian stone pine seedlings, namely
L. seditiosum and L. pinastri. Of these two
species, only L. seditiosum is considered to
be pathogenic, causing Lophodermium
needle cast disease (Stenstrom & lhrmark
2005, Lilja et al. 2010). L. pinastri is reported
to be non-pathogenic fungus that lives en-
dophytically within pine needles (Minter &
Millar 1980). The obtained results are in
agreement with another study (Grodnit-
skaya & Kuznetsova 2012), which showed
that L. seditiosum and L. pinastri were wide-
ly spread on pine seedlings in forest nurs-
eries of Middle and South Siberia.

Cladosporium (C. Herbarum — 10 %) and Al-
ternaria (A. alternata, A. Tenuissima - 9 %)
were also among the most common pa-
thogens found in 9 and 7 nurseries, respec-
tively. They were detected on all of the

35 - Fig. 4 - The occurrence of
the main phytopathogens
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studied host tree species and in all forest
zones. In addition, Cladosporium fungi
were present with low abundance in the
epiphytic microflora of healthy plants. Al-
ternaria and Cladosporium are facultative
parasites mainly associated with plants
weakened by unfavorable climatic condi-
tions (Yarmolovich et al. 2016). In forest
nurseries they usually cause post-emer-
gence damping-off (Prochazkova & Vlastis-
lav 1991). It is worth to point out that in
Middle Siberia the most common casual
agents of post-emergence damping-off are
Fusarium fungi (Yakimenko & Grodnitskaya
2000, Shilkina 2004). In the present study
they might not have been detected by DNA
analysis due to the poor quality of several
obtained sequences.

Sclerophoma (11.8%), Herpotrichia (6.3%)
and Gremmenia (2.4%) were detected in 6,
3 and 5 forest nurseries, respectively. Most
of the nurseries were located in taiga and
forest-steppe zones. Fungi of the genera
Sclerophoma and Gremmenia were found
on Scots pine, Siberian stone pine and Sibe-
rian spruce seedlings, while Herpotrichia
sp. was detected only on Siberian stone
pine and Siberian spruce seedlings. Scle-
rophoma sp. (teleomorph, Sydowia Bres.)
was frequently determined on damaged
plants and ranked third on the occurrence.
In some cases the stems of seedlings in-
fected by Sclerophoma had S-shaped bend-
ing which is one of the symptoms of the
disease. Sclerophoma is reported to be a
weak pathogen which occasionally causes
serious damage of trees under stress (Kraj
et al. 2009). Snow blight of conifers seed-
lings in surveyed nurseries was caused by
Gremmenia infestans and Herpotrichia ju-
niperi. In forest nurseries of Siberia it is a
generally known disease which is success-
fully diagnosed by macro- and microscopic
methods and there are specific recommen-
dations for its prevention and control (Shil-
kina et al. 2018).

The typical genera of snow mold, Typhula
(7.6%) and Sclerotinia (1.2%), were found on
Scots pine and Siberian spruce seedlings in
6 and 2 nurseries, respectively. Most spe-
cies of Typhula and Sclerotinia are low-tem-
perature tolerant and are widely distrib-
uted in cold regions in the Northern Hemi-
sphere (Hoshino et al. 2009, Matsumoto
2009). In Middle Siberia snow mold caused
by Typhula sp., unlike Sclerotinia sp., is
poorly studied on conifers and its identifi-
cation has become easier only with the use
of DNA analysis (Shilkina et al. 2018). Cur-
rent research showed that the disease is
widespread in forest nurseries located in
taiga and forest-steppe zones. Conse-
quently, the study of its agents is relevant
for the development of reasonable meth-
ods of prevention and protection.

Among the rarely diagnosed phytopa-
thogens of seedlings were Rhizoctonia fun-
gi (1.8%). Rhizoctonia solani was identified
on Scots pine and Siberian stone pine seed-
lings in 4 forest nurseries located in taiga
and Southern-Siberian mountain zones.

iForest 13: 507-512
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Rhizoctonia blight, caused by species of
Rhizoctonia, occurs on many pine species
and can lead to severe damages of seed-
lings in bare-root nurseries, e.g., damping-
off and rot of roots, stems, needles, and
terminal buds (Starkey & Enebak 2012). In
forest nurseries of Middle Siberia the fungi
of the genus Rhizoctonia were only detect-
ed in soil, but their harmfulness for seed-
lings was not observed (Gromovykh et al.
2005). Single cases of occurrence were de-
tected for Botrytis sp., Gremmeniella sp.,
Coleosporium sp. (Scots pine), Septorioides
sp. (Siberian stone pine), Epicccocum sp.
(Siberian spruce). Given the low frequency
of occurrence these pathogens do not
pose a strong threat and therefore do not
have current economic significance in for-
est nurseries of Middle Siberia. The analysis
of the presence of the main phytopatho-
gens on seedlings of different age groups
has revealed that the most predominant
pathogens of one- and two-year-old plants
are Phoma sp., Alternaria sp., Cladosporium
sp. and Typhula sp.; three- four- and five-
year-old seedlings were mostly affected by
Lophodermium sp., Phoma sp., Scleropho-
ma sp. and Typhula sp. (Fig. 4).

In this study, the spectrum of phytopa-
thogenic fungi on seedlings of Scots pine,
Siberian stone pine and Siberian spruce
was identified using DNA sequencing. In
each of the studied forest nurseries of Mid-
dle Siberia the pathogenic microflora are
represented by 1-8 genera of micromy-
cetes. The most common phytopathogens
detected on 1-5-year old coniferous seed-
lings were Phoma sp., Alternaria sp., Clado-
sporium sp., Lophodermium sp., Scleroph-
oma sp. and Typhula sp. The rest patho-
gens were less common and their emer-
gence was likely associated with unsuitable
cultivation practices.

Conclusions

The study showed that phytopathological
monitoring of forest nurseries by molecu-
lar genetic analysis is a useful approach for
identification of fungal infections in plant-
ing material. The identification of patho-
gens can be helpful in reducing the fungal
diseases in forest nurseries of Middle
Siberia. It should be recommended to carry
out preventive measures against detected
phytopathogens with fungicides allowed
to be used in forestry. However, the appli-
cation of chemicals for diseases control is
quite uncertain in forest nursery produc-
tion in Russia. Most of the available fungi-
cides are registered only for agricultural
crops. New, effective and eco-friendly fun-
gicides are not introduced yet, which is a
serious problem for afforestation. There-
fore, considerable research for environ-
mentally safe and easily biodegradable bio-
fungicides should be carried out.

List of abbreviations
* DNA - deoxyribonucleic acid;
* PCR - polymerase chain reaction
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