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Evaluation of fungal endophytes to biological control
of Dothistroma needle blight on Pinus nigra subsp. pallasiana
(Crimean pine)

K. Davydenko'

Dothistroma needle blight (DNB), caused by Dothistroma septosporum and Dothistroma pini, is the most important
forest disease of pine in many countries. This disease has recently emerged in Ukraine as a major threat to mostly
Pinus nigra subsp. pallasiana and less to Scots pine. There is increasing evidence that some fungal and bacterial
isolates can reduce the growth and pathogenicity of fungal plant pathogens.

In this research, infected needles were collected from 30-year-old Crimean pine (P. nigra subsp. pallasiana) in four
locations in Southern Ukraine. In total, 244 of endophytic fungi were recovered from needles of Crimean pine during
summer sampling of the host'’s microbiome in Ukraine in 2012-2014.

Dothistroma spp. were detected using fungal isolation and species-specific priming PCR techniques.

Among all endophytes, eight fungal species were selected based on the commonness of their occurrence in the
foliage of the host and their antagonistic activity. All selected species were tested for their antifungal activity against
Dothistroma needle blight. Good antifungal activity against Dothistroma pini was achieved with the Trichoderma sp.
and Gliocladium rosea, indicating their good potential possibility in preventing the Dothistroma needle blight on young
pines. Moreover, the significant reduction in numbers of conidia and spore germination was found on needles treated
with Trichoderma sp. and Gliocladium rosea, compared to conidia numbers following treatment with other fungi. Thus,
the use of an effective biological control agent against Dothistroma could be of value in forest nurseries, where it is
essential to reduce losses to D. pini infection prior to transferring pines to field sites for planting out.
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Introduction. Dothistroma needle blight (DNB) The main symptoms of the disease are premature
is one of the most serious needle diseases of pine  needle fall, reduce in photosynthetic capacity, followed
plantations and is responsible for many economic by yield losses and, in some cases, tree mortality
losses in landscape and forest settings through negative ~ (Bradshaw 2004, Woods et al. 2005, Millberg et al.,
impacts on yields, quality of stands and visual amenity. ~ 2016). Two closely related ascomycetous fungi are
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known to cause DNB: Dothistroma septosporum
(Dorogin) M. Morelet and D. pini Hulbary (Barnes
et al., 2004). Dothistroma septosporum and D. pini
do not show consistent differences in the length of
their conidia, so it is necessary the use of specific
molecular markers for their discrimination and
identification of the two pathogens (Barnes et al.
2004, Ioos et al., 2010).

Dothistroma  septosporum has a worldwide
distribution and found in many parts of the world
where pines are grown (Barnes et al., 2008, Bulman
et al., 2013). D. pini was found from some countries in
Europe including Ukraine and from the USA (Drenkhan
etal., 2016).

Dothistroma septosporum was first recorded in
the Kiev region (Smela town) of Ukraine on Pinus
sylvestris L. by L. Kaznowski (Barnes et al., 2008).
Since 2004, DNB outbreak has been reported several
times in the Tsjurupinsk (Kherson region) and Mykolaiv
region on 30-year-old Crimean pine (P. nigra subsp.
pallasiana or P. pallasiana, or P. nigra var. pallasiana
(D. Don in Lamb) resulted in massive pine dieback
in the southern Ukraine (Usichenko & Akulov 2005,
Drenkhan et al., 2016). The natural range of P. nigra
subsp. pallasiana covers the southern Carpathians and
the Crimean Peninsula in Ukraine, as well as the Balkan
Peninsula, Cyprus, the Black sea coast of Caucasus and
Turkey (Barnes et al., 2008, Lazarevi¢ et al., 2017).
Outbreak of DNB has spread in southern Ukraine and
south-western Russia devastating more than 8000 ha of
pine forests (Usichenko & Akulov, 2005).

Presently, DNB occurs throughout southern Ukraine
and its severity appears to be increasing (Drenkhan et
al., 2016) alongside climate change. It may act together
with native or invasive pathogens and reduce the
populations of Crimean pine (Tubby and Webber 2010,
Adamson et al., 2018).

As DNB affects over 80 species of Pinus, as well
as other conifers (Watt et al., 2005, Drenkhan et
al., 2016), there is an urgent need to find effective
methods for disease control and management, because
DNB resulted in the rejection of planting susceptible
Pinus species in some countries of Africa, Asia,
Australasia, Europe and North America (Bulman
et al., 2016). The main practices used to control of
DNB in Ukraine are early detection of symptoms
and signs of DNB, pathogen population monitoring.
No chemicals applied in the Ukrainian forest due to
the lack of permissible fungicides. However, copper
and other fungicides were applied in the forest and
landscape nurseries for pathogen spread prevention to
uninfected areas, as well as an elimination of infected
seedlings. According to Bulman et al. (2016), DNB
may be effectively controlled using copper fungicides
as it routinely applied in New Zeeland and Australia,
or by planting non-susceptible species, as is the most
common form of management in Europe. Only a
few studies demonstrated the possibility of using
biological control agents to reduce the impact of this
highly damaging pathogen in forest tree nurseries
(Allenzi et al., 2015).

The aim of the study was to find potential biological
agents against Dothistroma needle blight. This study
reports the following results: i) screening needle
endophytes to search potential agents of biological
control against pine needle pathogen Dothistroma
pini; ii) artificial inoculation experiments to test the
potential of two fungal strains to provide control of
Crimean pine infection by D. pini.

Objects and methods. Fungal isolates and plant
material. Several endophytic fungi were recovered
fromneedles of Crimean pine during summer sampling
of the host’s microbiome in Ukraine in 2012-2014.
Asymptomatic, healthy needles were collected from
trees growing in the Kherson region (46°31°36.2”N
32°32°01.3”E). Fifty individual needles were sampled
in the canopy from each of'ten trees of Crimean pine for
a total of 500 needles. Needles were surface-sterilized
by serial sterilization (1 min in 95 % ethanol, 5 min in
6% sodium hypochlorite (NaOCl), and 30 s in 95%
ethanol) before plating onto 3 % potato dextrose agar
(PDA). Smaller sample groups were also taken from
diseased pines that appeared to have lower disease
severity. The hyphal tip of each morphologically
different mycelium that emerged from a needle was
subcultured and transferred to for later identification.
Following incubation, fungal isolates recovered from
each plant fragment were selected at random, purified
and grouped based on phenotypic characteristics,
e.g. colony morphology, colony colour, and growth
rate. Isolates representing each fungal group of
interest were selected for further identification by
morphological traits (classic taxonomy) and/or rDNA
sequencing.

Dothistroma pini was isolated from infected
needles collected in 2012-2014 in southern Ukraine
(Kherson region, 46°31°36.2”N  32°32°01.3”E),
and was used in artificial inoculation experiments
previously. Following recovery from the plant tissues,
representative cultures of dominant genera were made
according to morphotypes and stored at 4°C on PDA.

Selection of endophytic fungi antagonists to
Dothistroma pini. Fungi were selected based on the
commonness of their occurrence in the foliage of
the host and their antagonistic activity. The in vitro
selection of antagonists against D. pini was carried
out on 8 % malt extract agar (MEA) medium a paired-
growth assay. For this, mycelial discs (5 mm) of D. pini
were inoculated on Petri dishes (100 mm) containing
MEA medium and incubated at 28°C (photoperiod of
12 hours). Due to the slow growth of D. pini, after 15
days, the endophytic microorganisms were inoculated
50 mm from D. pini colony. The ability of a root
endophyte to antagonize the pathogen was determined
based on the inhibition level over a given period of
time. This was achieved by assessing and measuring
the concurrent growth of both the endophyte and the
pathogen simultaneously on a shared MEA nutrient
media surface (Fig. 1).

The inhibitory effect of each fungal endophyte on
the pathogen is reflected in the spherical index (o/p) of
the respective organisms (Rigerte et al., 2019). Solitary
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cultures of the respective endophyte and the pathogen
were also plated—and observed—as controls in this
experiment. The antagonism was detected also by the
formation of an inhibition halo (Fig. 2). For dual-culture
assay the null hypothesis was formulated as follows: the
difference between the means of the spherical indices
of pathogens under antagonism and the means of the
spherical indices of pathogen controls zero (Rigerte et
al., 2019). The alternative hypothesis was formulated

as follows: the difference between the means of the
spherical indices of pathogens under antagonism and
the means of the spherical indices of pathogen controls
is less than zero (Rigerte et al., 2019). The rationale
for assuming this alternative hypothesis was that the
spherical index of the pathogen under antagonism
would be less than one (<1) while the controls, having
grown in the absence of any biotic/abiotic pressure(s),
should have a spherical index ~1 (Rigerte et al., 2019).

90 mm agar plate

° Fungal endophyte

o Pathogen (Dothistroma pini)

Dual-culture antagonism assay

Endophyte growth, control

Pathogen growth, control

Figure 1. Schematic overview of the dual-culture antagonism assay tests (Rigerte et al., 2019)

Figure 2. The selection of endophytic antagonists to Dothistroma pini based on the formation of inhibition halo

Thus, if the effect of specific endophyte is real,
then the means would also record the same behaviour,
and the subtraction of the means of controls from the
pathogen replicates involved in the test would then be
a negative number (Rigerte et al., 2019).

Plant material and fungal inoculation in planta.
Two-year-old Crimean pine (P. nigra subsp. pallasiana)
seedlings were grown from seeds in the State Forest
Enterprise “Holoprystanske LG” Kherson region. Five
hundred seedlings without any symptoms of DNB
were replanted in the nurseries at the Forest Protection

Service enterprise “Kharkivlysozahist” (Kharkiv
region, Ukraine) in March, 2017 for inoculation
experiment.

A single plate of a mature culture of each selected
fungus was used to obtain inoculum. To generate

inoculum, approximately 20 ml of sterile distilled water
was added to each Petri dish with mature culture and
loosening the spores into suspension by passing sterile
glass beads over the surface of the culture, yielding a
spore density of from 3 x 10* to 7.3 x 10° cells (CFU)
ml™ (Tab. 1). Conidial suspensions were adjusted to
c. 1 x 10*— 1 x 10° spores ml! following replicate
haemocytometer counts.

All suspensions were made to a volume of 200 ml
with sterile distilled water and placed to the different
spray bottles.

All pure cultures of eight selected fungi were made
on MEA and PDA.

A solution of 200 ml of sterile distilled water was
also included as a control. Concentrations of spores
were not standardized across treatments since the fungi
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were so diverse and their interactions with the host and
the pathogen could not be expected to be comparable.

In July 2017, P. nigra subsp. pallasiana seedlings
were assigned to inoculation treatments with eight
endophytic fungi, with 20 replicate plants per treatment.
For in planta testing for D. pini antagonists, 10 days
after inoculation of endophytic fungi, spores of D. pini
were introduced into the seedlings. For each treatment,
the foliage was sprayed with a hand-held atomiser until
large droplets formed. Control plants were inoculated
just with sterile distilled water.

To stimulate DNB development, free water was
maintained on needle surfaces. For this, plants were
sprayed twice a day with water for 7 days. These
incubation conditions were modified from Fraser et

al. (2016) and were designed to be optimum for the
development of DNB.

The symptoms were evaluated from 60 to 120 days
and the data were statistically analyzed by the one-way
variance ANOVA method (test compared the means).
After 60 days, five needles were collected randomly
from each of five plants within each treatment group
to determine the fungal inocula loads and percentage
conidial germination. Four months after inoculation
with D. pini, all needles of the previous year were
collected and inspected under a microscope. DNB
severity was assessed by calculating the percentage of
needles with D. pini conidiomata. DNB severity was
evaluated using the assessment system of Schwelm et
al. (2009).

Table 1

Approximate propagule concentrations per ml of selected fungi suspension
for testing their antagonistic activity

Species Medium for cultivation Spore concentration in suspension
Cladosporium sp MEA 1.8x10°
Gliocladium roseum MEA, PDA 2.9x10*
Ilyonectria sp. MEA 2.7x108
Sydowia polyspora MEA 1.9x10°¢
Trichoderma sp.1 (Lithuanian isolate)* MEA, PDA 7.3x10°
Trichoderma sp.2 (needle endophyte) MEA 6.2x108
Unidentified Ascomycetes 23 PDA 2.3x10°
Unidentified Ascomycetes 37 PDA 3.7x10°¢

* —One Trichoderma sp. strain was obtained from the Environmental Sciences culture collection, Natural Research Centre (Vilnius, Lithuania)
showing string activity against pine pathogens in artificial inoculation experiments previously.

Molecular detection and identification. DNA was
extracted from the selected symptomatic needles
representing groups of different treatments. To avoid
contamination on the needle surface, needle samples
were washed in 96% ethanol for 60 seconds, 2%
sodium hypochlorite for 5 minutes and rinsed in 96 %
ethanol for 30 seconds. Needles were transferred to a
screw cap tube together with a screw and two nuts,
freeze-dried and homogenized using a fast prep
shaker (Precellys 24 Bertin Technologies). DNA was
extracted following a CTAB protocol. Briefly, 1 ml
of CTAB was added to each sample and incubated
for one hour at 65°C. Samples were centrifuged and
the supernatant was transferred to new tubes and
cleaned with chloroform. DNA was precipitated with
isopropanol, washed with 70% ethanol and eluted in
50 ml of milliQ water. After DNA extraction, samples
were cleaned using JetQuick DNA purification
kit (Genomed GmbH) and the concentration was
measured with a NanoDropTM (Thermo Scientific).

Conventional PCR with species specific primers was
used to detect D. septosporum and D. pini in the needles,
using  species-specific  primers DStub2-Forward
(CGAACATGGACTGAGCAAAAC) and DStub2-

Reverse (GCACGGCTCTTTCAAATGAC), and
DPtef-Forward (ATTTTTCGCTGCTCGTCACT) and
DPtef-Reverse (CAATGTGAGATGTTCGTCGTG),
respectively (Ioos et al. 2010). The PCR reaction
contained 200 mM deoxyribonucleotide triphosphates,
0.2 mM of each of the two primers, 0.0265 u/ml
DreamTaq polymerase with 10X DreamTaq Green
Buffer (DreamTaq Green, Thermo Scientific, Waltham,
MA, USA) and MgCI2 at a final concentration of
3.25 mM. The PCR conditions included an initial
denaturation step at 95°C for 10 min followed by
35 amplification cycles of denaturation at 95°C for
30 s, annealing at 60°C for 30 s and extension at 72°C
for 1 min, and thermal cycling was ended by a final
extension step at 72°C for 10 min. The PCR products
were purified with Qiagen DNA extraction PCR M
kit (Qiagen, Hilden, Germany). PCR products were
size separated on 1% agarose gels and visualized
under UV light to confirm the presence of the 231
bp D. septosporum specific bands and 191 bp D. pini
specific bands (Ioos et al. 2010).

Statistical analyses. Statistical analysis was
carried out using the software JMP®, Version 11.0.0.
SAS Institute Inc., Cary, NC, 1989-2007. Data were
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statistically analyzed by the one-way variance method
and the Tukey-Kramer multiple comparison. Test
compared the means. One-way ANOVA tests were used
to assess the impact of treatment on DNB severity. If
ANOVA tests were significant, post-hoc Tukey tests
were used to identify which treatments differed
significantly. DNB severity was log-transformed before
analysis. The impact of treatment on conidial germination
was assessed with Kruskal-Wallis U-tests and post hoc
Mann—Whitney U-tests with Holm corrections.

Results and discussion. The diversity of
endophytic fungi was assessed in healthy (Site 1 and 2)
and symptomatic (Site 3 and 4) trees of Crimean pines.

To avoid contamination and to isolate endophytic fungi
only from inner needle tissues, surface disinfection
was applied. The endophytic fungal community which
was isolated from needles included Alternaria sp.,
Cladosporium sp., Colletotrichum sp., Diaporthe sp.,
Dothistroma sp., Fusarium sp. (including Gibberella
avenacea), Gliocladium  sp.,  Lophodermium
sp., Mariannaea elegans, Sordariomycetes sp.,
Trichoderma sp. mostly (Tab. 2). The number of most
common and fast-growing endophytic fungi that were
recovered using MEA and PDA medium was not
significantly different within both categories of plants
(healthy and symptomatic) evaluated.

Table 2

Pooled relative abundance of selected most common fungal taxa obtained from asymptomatic
and symptomatic needles collected on Crimean pine grown in south Ukraine (Kherson region)*

Fungal taxa . Site 1 Site 2 Site 3 Site 4
ealthy trees healthy trees symptomatic trees symptomatic trees
1 2 3 4 5
Ascomycota and other species

Alternaria sp. 2.17 2.1 0 6.94
Aspergillus versicolor. 0.5 2.52 2.1 23
Bionectria sp. 5.33 5.2 4.17 3.47
Botryotinia fuckeliana 5.14 8.9 1.2 3.5
Cadophora sp 0.1 0.5 0.42 0.25
Chaetomium globosum 1.3 1.2 1.6 2.51
Chaetomium sp. 2.1 1.05 2.52 3.13
Cladosporium sp. 1.2 2.1 5.25 2.52
Cladosporium herbarum 2.2 2.52 6.33 5.25
Cladosporium sp 10.42 5.25 19.6 9.74
Cordyceps sp. 4.17 0 5.14 6.60
Colletotrichum sp. 5.14 1.05 2.52 0.1
Cyclaneusma niveum 0.9 1.3 5.5 2.15
Dothistroma pini 0.1 0.3 24.5 523
Dothistroma sp 1.05 2.52 5.25 1.05
Diaporthe sp. 0.01 12.5 6.8 0.01
Gibberella avenacea 18.75 15.6 10.42 17.3
Gliocladium roseum 7.25 5.25 8.15 2.3
Eupenicillium sp. 7.6 1.3 8.33 5.21
Fusarium oxysporum 2.08 0.2 0.1 3.13
Fusarium sp 0.05 4.17 0.1 2.43
Ilyonectria sp 8.8 2.08 4.25 8.33
Lophodermium seditiosum 4.75 4.17 6.3 9.03
Mariannaea elegans 9.5 6.8 2.2 2.52
Penicillium sp 0.01 4.17 0.9 4.86
Penicillium roqueforti 0.5 0.1 0.1 1.74
Phoma sp 0.1 0.1 4.17 5.21
Phomopsis sp. 0.3 0.1 0.1 0.1

26 K. B. NlaBugeHko. OuiHioBaHHA rpubi-eHpoQiTiB Ana 6ionoriyHoro KOHTPOI0 AOTUCTPOMO3Y COCHU KpUMCbLKOT (Pinus nigra subsp. ...



Proceedings of the Forestry Academy of Sciences of Ukraine, 2019, vol. 19

Continuation of table 2

1 2 3 4 5
Pleosporales sp. 2.1 0.1 2.2 5.6
Sordariomycetes sp. 7.9 0.1 23 5.6
Sydowia polyspora 13.00 19.5 15.9 15.4
Trichoderma like asperellum 12.3 15.8 6.35 15.6
Unidentified fungi
Uncultured Ascomycetesclone H23 15.6 14.3 9.2 10.5
Uncultured Ascomycetes clone H37 7.9 5.1 8.6 9.7
Unidentified Basidiomycota FG14 0.1 0.1 0.1 0.1
Unidentified Basidiomycota FG39 0.1 0.1 0.1 0.1
Fungal sp HN18 0.1 0.1 0.1 0.1
Fungal sp HN19 0.1 0.1 0.1 0.1
Unidentified culture M12 0.1 0.1 0.1 0.1
Unidentified culture M74 0.1 0.1 0.1 0.1

* — fungi for antagonistic tests were selected based on the commonness, so only species common for all four sites were included in the Tab. 2.

A total of 244 endophytic fungi isolated from
needles were randomly picked up and this population
was partially characterized by rDNA (partial 18S,
ITS-1, 5.8S, ITS-2 and partial 23S) sequencing. The
results (see Tab. 2) showed that the most common and
fast-growing endophytic fungi associated with the
Crimean pine belong mainly to Ascomycetes group
(Fig. 3) being the Botryosphaeriaceae, Diaporthacea,
Dothideacea, and Capnodiaceae families the most
frequent. The fungi Fusarium spp. and Cladosporium
spp. were the dominant genera and showed the
highest diversity (see Tab. 2). No correlation between
fungal groups and plant categories was observed. The
frequency of fungi isolation was 0.54 and 0.75 for
healthy and symptomatic plants, respectively.

Partial sequences of rDNA were aligned and
the relationships between endophytic isolates were
evaluated by a neighbour-joining algorithm (see
Fig. 3). Using this strategy, some isolates could not be
identified. Cladosporium sp. was the most common
genus recovered from needles. Both Sydowia and
Trichoderma spp. as well as two unidentified species
were also recovered at high frequency in Dothistroma-
infected foliage sample and visually healthy needles.
Given these findings, seven commonly isolated fungi
from the microbiome of Crimean pine, including
Gliocladium roseum (anamorph, Clonostachys rosea)
(see Tab. 1, 3) and Bionectria sp. were selected and
employed as putative disease modifiers.

Clonostachys rosea is a known parasite and
antagonist of other fungi (Moraga-Suazo et al,
2011) and the genus Bionectria includes destructive
mycoparasites, some of which are used as biocontrol
agents of fungal plant pathogens (Schroers, 2001).
One Trichoderma sp. strain was obtained from the
Environmental Sciences culture collection, Natural
Research Centre (Vilnius, Lithuania) showing high
activity against pine pathogens in artificial inoculation
experiments previously. So, a total of eight endophytic
fungi were evaluated in vitro and in vivo against D. pini.

Only two species were able to inhibit the growth of the
causal agent of Dothistroma needle blight of Crimean
pine in vitro and two in planta (Tab. 3).

Dothistroma needle blight severity expressed
as the percentage of needles with conidiomata
was significantly lower on plants treated only with
Trichoderma sp. 1 and Gliocladium roseum than trees
treated with either species. In contrast, DNB severity
on plants treated with other fungi was not significantly
different from that on plants treated with D. pini. No
conidiomata were observed on control plants treated
with purified water.

At 120 days after D. pini inoculation, conidial
density on needles from plants treated with both
Trichoderma sp. 1 and Gliocladium roseum was
significantly lower than on plants treated with
either antagonistic fungi (Tab. 4). There was no
significant difference between the other fungal
species and positive treatments in conidial density or
germination at either time point. Although conidial
density appeared to increase between days 60 and
120, this increase was not significant (paired t-test,
p > 0.05).

Overall, disecase severity varied significantly by
a tree (see Tab. 3), where the tree represents the
combined effects of tree resistance and fungi impact.
Severity varied significantly from tree to tree from as
little as 1.7 % to as much as 18.1%. Modifying effects
were strongly significant (P < 0.0001), as were their
interactions with trees (P < 0.0001) (Tab. 5).

It has previously been shown that endophytic
communities vary spatially in the plant or may be
dependent on the interaction with other endophytic
or pathogenic microorganisms (Allenzi et al., 2015).
Moreover, plant susceptibility to DNB is often related
to the stress level of the individual and stress can arise
from mismatching of the planting stock’s ecological
traits to the planting site, root deformities, damage, and
desiccation, planting at improper depths in unsuitable
soils, poor nutrient and water availability, and increased
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exposure to pollutants, xenobiotics and contaminants by improving tolerance to drought, reducing the
(Bulman et al., 2013, 2016). So, these endophytic fungi  phytopathogen settling and promoting plant growth
are ubiquitous and may increase the plant resistance  (Allenzi et al., 2015).

Table 3

Impact of potential antagonistic fungal species treatments on Dothistroma pini isolates growth
and on DNB disease severity on Crimean pine needles

Disease severity, % + SE)*

Inoculation treatments Inhibition halo, mm — - - —
Antagonistic fungi Dothistroma pini
Bionectria sp 32.5*+2.9 + 17.95+0.1*
Cladosporium sp 14.2°+14 + 18.11 £0.5°
Gliocladium roseum 24.2°+2.8 + 1.71+£0.2°
Sydowia polyspora 15.3°+1.9 + 17.22 +£0.3°
Trichoderma sp.1 29.8¢+1.8 + 2.31+04°
Trichoderma sp.2 19.2°+1.4 + 17.41+£0.2*
Unidentified Ascomycetes 23 14.8°+1.3 + 1734+ 0.4*
Unidentified Ascomycetes 37 13.2°+34 + 17.58 £0.5*
Positive control (D. pini) - - 8.34+0.3°
Negative control (sterile water) - - 0+0

* — treatments followed by the same letter do not differ significantly (Tukey, p > 0.05). Negative control plants were excluded from statistical
analysis.

Table 4

Impact of potential antagonistic fungal species treatments on Dothistroma pini conidial density
and germination on Crimean pine needles

After 60 days After 120 days
Inoculation treatments D. pini conidia D. pini conidia D. pini conidia D. pini conidia
density (spores mm™;  germination density (spores mm?; germination
mean + SE) (%; mean + SE) mean + SE) (%; mean + SE)
Bionectria ochroleuca 244 +1.3° 20.5+£10.0* 26.2+1.3® 21.5£9.0°
Cladosporium sp 193+£1.5° 19.8 £9.2¢ 19.8 £1.4° 20.0£9.1°
Gliocladium roseum 24+1.2° 12.8+£6.0° 26+£1.1° 123+£6.5°
Sydowia polyspora 22.1+£0.9° 245+£5.2¢% 22.1+1.1° 249 +£5.8°
Trichoderma sp.1 34+£1.2° 9.4 +6.5° 35£1.1° 10.4 £ 6.9°
Trichoderma sp.2 14.8 +3.14 19.5+6.8° 152 +3.1¢ 202 £6.8°
Unidentified Ascomycetes 23 20.5+ 1.8 22.3+7.3° 21.0+ 1.7 23.1+6.3*
Unidentified Ascomycetes 37 194+1.8 24.5+6.8" 199+1.8 26.5+4.8
Positive control (D. pini) 30.6 £3.2¢ 85.9 + 6.4° 32.8 £4.2¢° 87.8+6.9°
Negative control (sterile water) 0+0 - 0£0 —
Table 5
Statistical data of modifying effects of antagonistic fungi including tree effect

Source DF F-value P-value

Treatment 7 50.07 <.0001

Tree 19 957.98 <.0001

Treatment * tree 54 104.44 <.0001

NE Mean DSZX  Standard deviation Standard error R? cviE NZ
12.006 0.527 0.2286 0.0013 0.4337 33.3274 12.006
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rAFD001018 Diaporthe o
FAJ31 2366 Diaporthe halianthi
FHLP15
HLPZ23
FHLP3T
FJMNESEZ2T Diaporthe helianthi
FJQT53871 Diaporthe longicolla
FKC343157 Diaporthe novemn CBS 127271
FHC343158 Diaporthe noven CBS 354,71
FKC343178 Diaporhe phaseolorum CBS 257 .80
FHJES073T Diaporthe novem
r KMEEE926 Diaportha novem
FEP133195 Diaporthe phaseclorum
FKT269682 Diaporthe sp
F=MNR_103698 Diaportha helianthi CBS 592.81
FNR_111850 Diaporthe Infecunda CBS 133812
FMR_111855 Diaporthe novem CBS 127270
FNR_144524 Diaporthe longicolla ATCC 60325
MNR_147537 Diaporthe sackstonii BRIF 546690 =

Diaporthales

087 - AJ244232 Aureobasidium pulluians CBS 584,75
onz) L Kxo0ed459 Aureobasidium pullulans ] Dothideales
HTF&6
a7 HTF30D -

KFTEG147 Aplosporalla prunicola
KF7TB6147 Aplosporella prunicola CBS 121167

1 KJ013413 Aplosporalla malorum
KMODE4S50 Aplosporalla artocarpl BO381
KP208840 Aplosporella javeadii
KX423536 Aplosporalla thallandica MFLU 16-0615
MNR_119842 Aplosporella prunicola

ATCC 60344 Meofusicococum

= HLP33
Gk HQ382721 Neofusicoccum luteum
gaRLEr
HTEG Botryosphaerialas
KF702388 Meofusicocoum australa
KCE881084 Neofusicoccum australe ATCC 60344
MR_137718 Neofusicococum cryptoaustrale CMW 23785
FHLP45S
ol | FHLPAG
FrHTFG2

FMR_119487 Neofusicocoum parvum ChW 9081

L 304413 Neolusicococum panawm

FFJ395246 Macrophomina phasecling

——HTF33

FAF132795 Macrophomina phasaolina

F HXG41976 Dothideomycetes sp

MR_147351 Macrophoemina pseudaphaseclina CPC 21417 J
AFDB1482 Stachybotrys longispora ATCO 32451 E
HTF26

- [KUEHH 35 Grandibotrys pseudotheobromae GBS 136170

=

KUB46137 Grandibolrys xylophila CBS 138179 Hypocraalas
NR_ 144928 Melanopsamma pomiformis CBS 101322
KUB46659 Sirastachys castanedas
HXEH0114 Stachybotrys parvispora E
ars ATCC 12772 Nigrospora .
ass| -KM3ET292 Nigrospora oryzaa
HLFZ24
KCEDS1TE Migrospora sphasrica -
o908 EF055222 FPestaloliopsis vismiae q
HOQE0T992 Pestalotiopsis disseminata
HTFG4
KMM199308 Pestalotiopsis biciliata CBS 124463 Amphisphaeriales
0.0 KM199310 Pestalotiopaia knightias CBS 114138
KRO09210 Pesialoliopsis microspara
NR_147553 Pestalotiopsis papuana CBS 331.96 -
HQBEAT2T 2 Corallomycetella repans CEBS 313.72T =
ors - KF986431 Sarccladium strictum
KP794159 Corallomycalella repens

Trichosphaeariales

0.8

AT NR_130684 Sarccladium kiliense MUCL 9724 Hypocreales
~-HTF23
E\IR_i 11145 Sarocladium strictum CBS 346,70
MNR_ 145045 Sarocladium oryzae CBS 180.74 =
[HTF40
[ HTFa2 ] Xylariales

KMZ2187E60 Biscogniauxia mediterranea

L—AY 138847 Corallomyostella repens CBS 313, 72T

AYIG1958 Cladosporium sphasrospermum ATCOC 11289
EFG679334 Cladosporium antarcticum CBS 690.92

1 EF679381 Cladosporium ossifragi CBS 842,91
ame | L EU167591 Cladosporium irdis CBS 138.40 Capnodiales
HTF70

KP701958 Cladosporium halololerans
KXa58086 Cladosporium sphasrosparmum
MR_ 119605 Cladosporium halotolerans

Figure 3. Phylogenetic tree showing the relationship between Crimean pine endophytic fungi
and other fungal species. The tree was constructed based on the rDNA (ITS1, 5.8S, and ITS2) fragment sequence
by using the neighbour-joining method. The bootstrap analysis was performed with 1000 repetitions
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Current methods for control and management
include pruning and thinning of stands to reduce
humidity, planting of less susceptible or completely
resistant host species and the application of copper-
based and other modern fungicides (Bulman et al. 2013).
With the exception of a few studies with bacteria, the
possibility of using biological control agents to reduce
the impact of DNB in forest tree nurseries has received
little attention (Allenzi et al., 2015) and this study has
increased in importance in Europe for application of
biological methods in forest protection.

Plant ecosystems rely heavily on their microbial
communities to optimize forest health, although
this association might be a good possibility to find a
balance between mutualism and disease (Rabiey et al.,
2019). Endophytes might cover the capacity to directly
inhibit pathogens by producing antifungal compounds
(Allenzi et al., 2015, Bulman et al., 2016, Rabiey et
al., 2019). Most tests and experiments have carried
out in laboratory conditions, but it is unknown how
the endophyte-pathogen interaction will alter in the
presence of changing environmental conditions and
competition with other organisms in the tree system
(Rabiey et al., 2019).

Thus, much more field experiment should be taken
place to recognize and confirm the optimal time and
conditions for usage of biocontrol agents, as climate
conditions and tree physiology could alter efficacy
and efficiency of biocontrol agents may vary greatly
depending on climate and tree traits.

Conclusion. The use of endophytes as biocontrol
agents resulted in that Dothistroma needle blight
was reduced on Crimean pine seedlings treated
with Trichoderma sp. and Gliocladium rosea. The
significant reductions in numbers of conidia and
spore germination were found on needles treated with
Trichoderma sp. and Gliocladium rosea, compared to
numbers following treatment with other fungi. Our
result suggested that both these species may possess
potential in preventing the Dothistroma needle blight
at least on young pines.

Although D. pini is present almost everywhere
Crimean pine is grown, both severity of disease and
area of outbreak vary significantly over time and
efficiency of the biocontrol agent application may vary
greatly depending on climate and tree traits. That’s why
it is important to continue the search of endophytic
biological control agents that may alter the microbial
community of the host tree and could decrease DNB
virulence or enable host resistance. Further work
is required on the impact of the fungal species on
Dothistroma infections under nursery conditions.
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OuiHloBaHHA rpnbiB-eHao¢iTiB
ANnA 6ionoriyHOro KOHTPOIO
AOTUCTPOMO3Y COCHU KPUMCbKOI
(Pinus nigra subsp. pallasiana)

K.B. aBnaeHKO'

JlotuctpomMo3 3a3BUYail BUKIMKAKOTh [Ba BHUIH
MaToreHHuX rpubiB, Dothistroma septosporum Ta
Dothistroma pini. JlotuctpomMo3 xBoi € OjHI€W i3
HANOLIBII BAXKJIMBUX 1HBA31MHUX XBOPOO COCHU y Oa-
rarboxX kpainax. Llsg xBopoOa HeEmomaBHO BUHUKIIA B
VYkpaiHi # Oyna o1iHeHa IK OCHOBHA 3arpo3a JiIsl COCHA
KpUMCBhKOi (Pinus nigra subsp. pallasiana); nnst Pinus
sylvestris BoHa € MEHIII 3aTPO3JIHBOIO.

Ha cworomni icHYHOTH BiJIOMOCTI, 110 TPUOHI Ta
OakTepiajibHi 130JI9TH MOXYTh 3MEHIIUTH PICT 1 MaTo-
TEHHICTh TPUOIB — 30yIHUKIB XBOPOO pOCIHH. Y ITHO-
My AOCTiKeHHI iH¢ikoBaHI i HeiH(]iIKOBaHI XBOIHKH
3i0pani y 30-piuHUX HACAIKEHHSIX COCHH KPUMCBKOI
(P. nigra subsp. pallasiana) na niBnui Ykpainu. 3a no-
MIOMOT010 (DITOMATONOTTYHMX METOIB YIpoaoBxk 2012-
2014 pp. 3 xBoi KPUMCBHKOi COCHU OTpHMaHO 244 i30-
TATH eHAOo(MITHUX TpUOiB, SIKi BUKOPHCTOBYBAIH IS
aHaJi3y IXHbOI aHTarOHICTHYHOI aKTUBHOCTI.

30ynuuku gotuctpomosy (Dothistroma spp.) Ta no-
TEHIITHO MePCIICKTUBHI [Tl MOJAIBIINX SKCTICPUMEH-
TiB TpUOHI KYJIBTYpH BUSBICHI 32 JIOTIOMOTOO 130JIS1I11
Ta 3aCTOCYBaHHS CHENUMITHAX TSI BUY METOIIB TI0-
JiMepa3Ho1 JIAaHIFOTOBOI PeaKiii.

Cepen ycix enno¢iTiB BiniOpaHo BiciM BUAIB I'pu-
0iB, sIKi OyJHM CIIUTBHUMU JUTS BCiX 3pa3KiB 1 MaJin 03Ha-
KW aHTaroHiCTUYHOI aKTUBHOCTI a0 paHilie Oyau BU-
3HAuYeHl K aHTAroHICTH TPUOHUX 3aXBOPIOBAaHB POC-
nuH. Yci BimiOpaHi BUAM MPOTECTOBaHI HA aHTUTPUOHY
aKTUBHICTh CTOCOBHO JOTHCTpoMO3y (Dothistroma
spp.) y damkax [leTpi Ta Ha cagKaHIAX COCHU KPUM-
ChKOi y po3camuuky. Halikparili moka3HUKHA aHTUTPHO-
HOI aKTHBHOCTI cTOCOBHO Dothistroma pini NOCATHY-
Ti Wi 9ac BUKOPHUCTAaHHS TpuOiB Trichoderma sp. Ta
Gliocladium rosea. lle nae 3Mory NPHUITYCTHTH, IO
o0uIBa BUIU MAOTh BUCOKHM MOTEHIAN 3a00IraHHs
YPaKEHHIO W MOLIMPEHHIO JOTHCTPOMO3Y, pUHANM-
Hi Ha MOJIOAMX JIEPEBISIX COCHU. 3HAYHE 3MEHILICHHS
KUTBKOCTI KOHIIIM 30yOHWKAa Ta TPUTHIYEHHS POCTY
CITOp BUSIBJICHO Ha XBOTHKAX, 00po0iieHux Trichoderma
sp. Ta Gliocladium rosea y OpiBHAHHI 3 HITUMH BU-
JlaM¥ TpHOiB.

Xoua maroreH D. pini npucyTHIH B YKpaiHi Maibke
CKpi3b, 1€ POCTE KPUMChKa COCHA, Ba’KJIINBO BUKOPHC-
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TOBYyBaTH Oi0JIOTIYHI 3ac00M KOHTPOIIO, SIKI MOTIIHA O
3MEHIINTU BIPYJICHTHICTh 30yJHUKA JOTHCTPOMO3Y
abo 3a0e3nmeunTH CTIHKICTh POCTUHU-KUBUTENS. Ta-
KM YUHOM, BUKOPUCTaHHS €(heKTHBHOTO 010I0TiTHO-
r0 KOHTPOJIO JTOTUCTPOMO3Y MOKEe OyTH KOPHUCHHM Y
HiCOBI/IX po3CagHUKaX, A€ BAXKJIMBO 3MCHIIUTHU BTPATH
Bix iHbekmii D. pini 10 BUCAIKyBaHHSI KPAMCHKOI CO-
CHH B TIOJIbOB1 YMOBH.

KuarouoBi cnoBa: Dothistroma septosporum,
Dothistroma pini; natoreH; 010JOTIYHHA KOHTPOJb.

OueHKa ncnosb3oBaHNA rpn6os-
3HAO0PUTOB ANA 6MONOrNYECcKoro KOHTpons
AOTUCTPOMO3a COCHbI KPbIMCKO
(Pinus nigra subsp. pallasiana)

E.B. laBugeHko'

JotuctpoMo3 OOBIYHO BBI3BIBAIOT JBa BHJIA
MaTOTeHHBIX TpuOoB, Dothistroma septosporum w
Dothistroma pini. JIoTUCTPOMO3 XBOM SIBISIETCS OJI-
HOM W3 BaXXHEWIINX WHBA3UBHBIX OOJE3HEH COCHBI
BO MHOTHX CTpaHax. JTa 00Je3Hb HENAaBHO PacIpo-
CTpaHMJIaCh B YKpaWHe U MpEeACTaBIsAeT yrposy mpe-
AMYIIIECTBEHHO IJISI COCHBI KPBIMCKOU (Pinus nigra
subsp. pallasiana) n meHee cepbe3Hyo — s Pinus
sylvestris.

CeronHsa MHOIO HCCIEAOBAHUM CBUAECTENBbCTBYIOT
0 TOM, YTO HEKOTOpbIC TPUOHBIC U OaKTEpUAIBbHBIC

' Jlasuoenrko Examepuna Banepveéna — dIeH-KOPPECTIOHICHT
JlecHoli akagemuu HayK YKpawHbBI, KaHOUAAT CEIbCKO-
XO3SMICTBEHHBIX HAyK, JOLICHT, CTapIIMi Hay4HBIH COTPYIHHK.
VKpanHCKHH HAayYHO-MCCIIEJOBATEIbCKAN HHCTUTYT JIECHOTO
xo3siicTBa © arponecomenuopammu  uMm. [.H. Beicomnkoro,
yi. Ilymkunckast, 86, XapbkoB, 61024, Ykpauna. [TpurnamnieHHbli
Hay4yHbIH coTpynHuK J[lemapramenrta JlecHOW MHUKOJIOTHH U
¢utonaronoruun 1llBenckoro Arpaphoro VYuusepcurera, P.O.
Box 7026, SE-75007, Yucana, IlIserus. Tel.: +38-098 66 755 26.
E-mail: kateryna.davydenko74@gmail.com ORCID http://orcid.
org/0000-0001-6077-8533

W30JIATHl MOTYT CHH3HWTh HWHTEHCHBHOCTH pPOCTa M
MAaTOTeHHOCTh TpHOOB — BO3OyamTeneil OomesHei
pactenwmii. [y TeCTUpOBaHUS MOTCHIIMAIBHBIX aHTa-
TOHUCTOB AOTHCTpoMo3a, B 2012-2014 rr. coOpanbl
WH(QUIMPOBAHHBIE ¥ HEHMH(PUIIMPOBAHHBIC XBOWH-
ku ¢ 30-meTHel KpeIMCKoi cocHBI (P. nigra subsp.
pallasiana) na rore Ykpaunsl, u 244 Buga SHT0PUTHBIX
rprOOB IPOBEPEHBI HA BO3MOKHYIO aHTUTPUOHYIO aK-
TUBHOCTB. Bo30yaurenu noructpomosa (Dothistroma
Spp.) U TOTCHUUANbHbIC TPUOHBIE AHTATOHUCTHI
oTpeieNieHbl ITyTeM W3O0JSIUH B YUCTYIO KYJIBTYpY H
WCTIOJNIb30BaHMsl CIENU(PUIESCKHX BUAOBBIX Mpaime-
POB METOJIOM TOJIMMEPA3HOM IIEMTHONU PEeaKInH.

Cpenn Bcex 3HAO(DHUTOB OTOOPAHO BOCEMb BHIOB
rprOOB, KOTOPBIE OBUTH OOIIMMU JUISI BCEX 00pa3IioB
Y UMEJH SIBHBIE TPU3HAKH aHTaTOHUCTUYECKON aKTHB-
HOCTH. Bce oroOpaHHBIE BHABI MPOTECTUPOBAHBI Ha
HaJIM4YMe TPOTUBOTPHOHOM aKTHBHOCTH OTHOCHUTEIIBHO
notuctpomosa (Dothistroma spp.) Ha 2-TE€THUX KyIIb-
Typax COCHBbI KphIMCKOH. Jlydlllne mokaszaTenu Takou
AKTUBHOCTU TpPOTUB Dothistroma pini AOCTUTHYTHI
MPU  HUCIIONIB30BaHUU TpuboB Trichoderma sp. u
Gliocladium rosea. OT0 TO3BOJSIET TPEIITOJIOKHTD,
4yr0 002 BHJA MOTEHUHAIBLHO CIIOCOOHBI MPENOTBpa-
TUTh PAcCIpPOCTPAHEHUE NOTHCTPOMO3a, MO KpalHeH
Mepe, Ha MOJOABIX JIEPEBIaX COCHBI. 3HAUYUTEIBHOE
YMEHBLICHNE KONWYeCTBa KOHWAMW NaTroreHa W 3a-
MeJIJICHHE POPACTaHusl CIIOP BBISIBIICHO HA XBOMHKAX,
obpaboranusix Trichoderma sp. n Gliocladium rosea,
M0 CPaBHEHUIO C JIPyTUMHU Tpubamu. XOTS NaToreH
D. pini npucyTcTBYeT B YKpauHE Be3Jie, IJI€ pacTeT
KpBIMCKasi COCHA, BAKHO TPHJIAraTh OOJNbINE YCHUITHIA,
9TOOBI UCTOJIB30BaTh OMOJIOTHYECKUE CPEICTBA KOH-
TPOJS,, KOTOPBIE CHIKAIOT BHUPYJIEHTHOCTH BO30YyIH-
TeNs IOTUCTPOMO3a WM OOECHEUUTh YCTOWYMBOCTD
pacteHus-xo3suHa. TakuM 00pa3oM, HCIOJIb30BaHUE
3((PEeKTUBHOTO OHOIIOTHYECKOTO KOHTPOJIS IPOTHB
JOTUCTPOMO3a MOXET OBITh MOJE3HBIM B JICCHBIX ITH-
TOMHUKaX, IJIe BAKHO YMEHBIINUTH MTOTEPH OT WHQEK-
1mu D. pini 10 BBICAJKN KPHIMCKOW COCHBI B TIOJIEBBIE
YCIIOBHSI.

KaroueBsie caoBa: Dothistroma septosporum;
Dothistroma pini; matoreH; OMOIOTUYECKUNA KOHTPOJI.
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