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ABSTRACT

This study presents a comprehensive identification and characterization of fungal pathogens that affect sea buckthorn
(Hippophae rhamnoides). Utilizing microbiological methods, biochemical analyses, molecular genetic diagnostics including
PCR and DNA sequencing and pathogenicity testing, three species of phytopathogenic fungi were identified: Aureobasidium
pullulans, Didymella glomerata, and Epicoccum nigrum. The pathogenicity of these fungi towards sea buckthorn was
experimentally confirmed. An evaluation of the isolates’ sensitivity to six antifungal agents (terbinafine, nystatin, ketoconazole,
clotrimazole, itraconazole, and fluconazole) indicated notable species-specific differences in susceptibility to fungicidal
effects. The findings enhance our understanding of the etiology of fungal diseases affecting sea buckthorn and can inform the

development of effective strategies for phytosanitary control and plant protection.
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1 INTRODUCTION

Sea buckthorn (Hippophae rhamnoides) is a promising ag-
ricultural crop from the Elaeagnaceae family, distinguished
by its high nutritional and pharmacological value. Sea buck-
thorn fruits are widely used in the food and pharmaceutical
industries for the production of juices, wines, sea buckthorn
oil, vitamin supplements and drugs that help strengthen the
immune system and improve overall health [1]. Due to its
unique chemical composition, sea buckthorn demonstrates a
wide range of biological activity, including antioxidant, an-
ti-inflammatory, adaptogenic, antimicrobial, antiviral, hepa-
toprotective and cardioprotective properties [2, 3]. The fruits,
leaves and seeds of the plant contain more than 200 bioactive
compounds, including carotenoids, flavonoids, riboflavonoids,
pectins, organic and fatty acids, tocopherols, folic acid, as
well as macro- and microelements (magnesium, iron, boron,
sulfur, silicon) [4, 5]. Of particular importance in the forma-
tion of the immunostimulating properties of sea buckthorn is
the high concentration of phytoncides and vitamin C, as well
as the significant content of vitamins A, B, P and K [6].

However, despite the value of this crop, the cultivation
of sea buckthorn is accompanied by a number of biotic and
abiotic stresses, among which fungal diseases pose a serious
threat. Phytopathogenic fungi can significantly reduce crop
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yields, deteriorate the quality of fruits and cause plant death,
which leads to significant economic losses in agriculture [7].

Fungal infections are widespread among sea buckthorn
plantations and cause various pathological changes, includ-
ing leaf wilting, necrotic bark lesions, leaf and fruit spotting,
and root rot [8]. The most significant phytopathogenic fungi
affecting sea buckthorn are representatives of the genera Ver-
ticillium, Fusarium, Phoma, and Alternaria [9]. These mi-
croorganisms are highly adaptable to various environmental
conditions and are capable of causing chronic or acute in-
fections, leading to a decrease in plant productivity and their
mass death.

Some of the most common symptoms of fungal diseases
of sea buckthorn include Verticillium wilt (Verticillium spp.) —
characterized by sudden yellowing and wilting of leaves, de-
velopment of vascular necrosis, which ultimately leads to the
death of the plant; Fusarium wilt (Fusarium spp.) — charac-
terized by damage to the vascular system, necrotic changes in
the root system, leading to the death of young seedlings and
weakening of adult plants; Phoma wilt (Phoma spp.) — causes
the appearance of black spots on leaves and fruits, cracking
of the bark and the formation of cankers; Alternaria leaf spot
(Alternaria spp.) — manifests itself as dark spots on leaves,
brown lesions on fruits and weakening of the general condi-
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tion of plants [10]. The development of these diseases leads
to significant economic losses, as infected plants lose pro-
ductivity, and affected fruits become unsuitable for process-
ing and consumption.

Factors contributing to the development of fungal infec-
tions. The increase in the incidence of sea buckthorn fungal
pathogens is due to several factors, including: 1. changing cli-
matic conditions - increased temperature and humidity create
a favourable environment for the spread of fungal infections;
2. intensive farming - the use of monoculture plantings with-
out crop rotation contributes to the accumulation of pathogens
in the soil; 3. decreased genetic diversity — growing a limited
number of varieties with a low resistance to phytopathogens
increases the likelihood of disease outbreaks; 4. insufficient
use of agrotechnical protection methods — the lack of preven-
tive measures, such as regular sanitary pruning, a fungicide
treatment and soil moisture control, contributes to the spread
of infection [11].

In the context of climate change and increasing agricul-
tural intensity, the risk of phytopathogenic infections is in-
creasing, which requires the development of more effective
measures for diagnostics, prevention and control of fungal
diseases of sea buckthorn. Research aimed at studying the ae-
tiology and pathogenesis of fungal infections is important for
preserving the harvest and ensuring the sustainable develop-
ment of agriculture. Thus, an integrated approach to studying
fungal diseases of sea buckthorn, including molecular genetic
methods for identifying pathogens, assessing their pathoge-
nicity and sensitivity to antifungal drugs, as well as develop-
ing effective methods for plant protection, is an urgent task
in modern phytopathology [12]. The results obtained can be
used to improve phytosanitary control, develop new methods
of prevention and create more resistant varieties of sea buck-
thorn, which in the future will increase the productivity and
profitability of its cultivation.

Biotechnological methods are used to preserve and accel-
erate the propagation of valuable medicinal plant species, in-
cluding obtaining a callus culture of plants. The technology
involves using healthy plants and their cultivation on nutri-
ent media. This is achieved by sterilizing plants with various
chemicals, such as sodium hypochlorite (NaClO), hydrogen
peroxide (H20:), and corrosive sublimate (HgCl2) [13]. How-
ever, it is not always possible to achieve the desired result due
to the contamination of plants with pathogens that grow deep
into plant tissue and productive buds [14]. This study aimed
to study the main phytopathogens of sea buckthorn, their mi-
crobiological and genetic characteristics, and determining sen-
sitivity to the main antifungal drugs.

2 MATERIALS AND METHODS

2.1 Isolation and cultivation of pathogens

The study of pathogenic fungi affecting sea buckthorn be-
gan with isolating pure cultures of microorganisms from in-
fected kidney tissue. For this purpose, a fragment of the af-
fected tissue was taken from each sample and then placed on
a nutrient medium. Potato dextrose agar (PDA) was used as a
selective medium. The samples were incubated in a thermo-
stat at an optimal temperature for 7-14 days.

The colonies of interest were reseeded to obtain a pure

culture necessary for further research. Macroscopic examina-
tion of the isolated cultures was performed on the 5th, 7th
and 10th days of incubation, while the morphological char-
acteristics of the colonies, such as shape, colour and texture,
were recorded. Microscopic analysis was carried out using a
ZEISS Axio Scope Al microscope, which made it possible to
study the morphological features of sporulation and the cel-
lular structure of the studied fungi.

2.2 Biochemical analysis of cultures

Four different nutrient media were prepared for the bio-
chemical analysis: corn agar, honey agar, potato dextrose agar
and Czapek-Dox medium. Four-section Petri dishes were used
as an experimental method. Inoculation was carried out by
spot application of spores of each of the isolated strains onto
the appropriate medium. Cultivation was carried out for 7
days at the optimal temperature, with daily measurement of
the colony diameter.

2.3 Genetic analysis of crops

For molecular genetic analysis, DNA was isolated from
the pure culture. For this, a small fragment of the culture was
transferred to a 1.5 ml microcentrifuge tube, 500 pl of lysis
buffer and 5 pl of proteinase K were added. The resulting mix-
ture was homogenized using a sterile pestle, which was then
incubated in a thermal block at 65°C for 2 hours with stirring
every 20 minutes.

After incubation, 100 ul of 3M NaCl was added and mixed
on a vortex. Then 65 pl of a 10% CTAB solution with NaCl,
preheated to 65°C, were added and incubated for 10 minutes
at the same temperature. Next, 500 pl of a mixture of chlo-
roform and isoamyl alcohol (in a ratio of 24:1) were added,
mixed thoroughly and kept at 4°C for 20 minutes. Centrifu-
gation was carried out at 13,000 rpm for 5 minutes. The up-
per aqueous layer was transferred to a clean tube, and 380 pl
of cold isopropanol was added and left to precipitate DNA at
-20°C for 20 minutes. The precipitated DNA was centrifuged
at 13,000 rpm for 5 minutes, then washed with 70% ethanol,
dried and dissolved in 50 pl of TE buffer. The samples were
kept at 50°C for 5 minutes to improve solubility.

Quantitative and qualitative assessment of the isolated
DNA was performed using a Nanodrop spectrophotometer.

For PCR analysis, a 25 pl reaction mixture was pre-
pared, including buffers (1x), dNTPs, forward primer /7S 4F
(5°-TCCTCCGCTTATTGATATGC-3"), reverse primer /TS
5R (5'- GGAAGTAAAAGTCGTAACAAGG -3%) [15], Taq
polymerase and degassed water (ddH-0). Seven samples were
used in the study, including positive and negative controls.
Amplification was performed on an Eppendorf Mastercycler
thermal cycler using the following temperature regime: ini-
tial denaturation at 95°C for 5 minutes, followed by 35 cy-
cles consisting of denaturation at 95°C (30 seconds), primer
annealing at 55°C (30 seconds), and extension at 72°C (1
minute). A final extension was performed at 72°C for 7 min-
utes, after which the samples were stored at 4°C until fur-
ther analysis.

Qualitative analysis of amplified fragments was performed
by electrophoresis in 1% agarose gel using 1x TAE buffer.
The PCR product was purified by exonuclease and alkaline
phosphatase (SAP) treatment by dephosphorylation, incubat-
ing samples at 37°C for 30 minutes. Samples were prepared
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for sequencing using alcohol acetate precipitation.

Sequencing was performed using the BigDye®
Terminator kit, and the resulting nucleotide sequences were
uploaded to the GenBank database and analyzed by compar-
ison with available reference sequences.

2.4 Pathological test of isolated strains

To study the pathogenicity of the isolated fungal strains,
they were cultivated on potato dextrose agar (PDA) slants.
Healthy sea buckthorn sprouts were used as test objects.
Spore suspension washes were prepared using sterile saline.
200 pl of saline was added to each test tube and incubated
for 2-3 minutes, then 10 pl of the suspension was taken and
applied to the leaves and root system of the test plants. The
infected plants were kept under natural light at room tem-
perature for 5 days. At the end of the incubation period, a
macroscopic analysis was conducted to assess the manifesta-
tion of infection symptoms.

2.5 Analysis of susceptibility of strains to antifungal drugs

To study the sensitivity of the isolated fungal strains to an-
tifungal agents, they were cultivated on a Sabouraud medium.
Each strain was preliminarily inoculated in three test tubes on
slopes and incubated for 7 days at the optimal temperature.

To assess sensitivity, six antifungal drugs (ketoconazole,
intraconazole, clotrimazole, terbinafine, fluconazole and ny-
statin) were used in various concentrations (0.5; 1.0; 1.5; 2.0;
3.0; 5.0; 10 pg/ml). Concentrations were calculated based on
the amount of active substance in the drugs.

To set up the test, a suspension of fungal spores was pre-
pared in Sabouraud broth. 50 pl of an antibiotic solution of a
given concentration and 50 pl of the fungal suspension were
added to a 96-well plate. The plate was covered with a lid
and incubated in a thermostat. Optical density measurements
were performed on a BioRad iMark spectrophotometer at a
wavelength of 490 nm over time: on the 1st, 2nd, 3rd, 6th
and 7th days. After the last measurement, the strains were re-
seeded onto Petri dishes with potato dextrose agar (PDA), di-

vided into 8 sectors by the number of antifungal concentra-
tions. Sowing was performed with a sterile bacteriological
loop, starting from the control zone and moving on to sec-
tions with antibiotics (0.5-10 pg/ml). Colony growth was as-
sessed daily for 3 days.

2.6 Statistical methods

To process the data we obtained, we used standard clas-
sical methods of analysis for testing statistical hypotheses.
Calculations were performed using the «Function Wizard»
in the «Statistical» category of Microsoft Excel. Differences
at P<0.05 were considered reliable values.

3 RESULTS

As a result of the study, fungal colonies were successfully
isolated and identified from five samples (No. 1, No. 3, No.
4, No. 5 and No. 6) (Figure 1). However, isolating a pure cul-
ture from sample No. 2 was impossible due to the high de-
gree of contamination, which prevented reliable results from
being obtained.

Sea buckthorn branch fragments incubated on a nutri-
ent medium. Active development of fungal microflora is ob-
served in the bud locations, manifested as seeding with fun-
gal colonies. In all vials, turbidity of the nutrient medium is
observed, indicating the growth of microorganisms and their
metabolic activity.

Pure cultures were isolated by inoculating samples onto an
agar nutrient medium of potato dextrose agar (PDA). Micro-
scopic analysis of the morphological characteristics of fungal
structures was carried out using a light microscope at a mag-
nification of x40-100 (Figure 2).

Colonies are rounded with smooth edges and beige with a
dark center. The surface is smooth and shiny. The microscopic
structure of the yeast-like culture isolated from samples No.
A, D, E. Polymorphic structures characteristic of yeast-like
fungi are observed. In the early stages of growth, oval or
elongated blastoconidia (yeast cells) predominate, forming by

Figure 1 — Fragments of sea buckthorn branches.
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budding. During the development of the fungus, a transition
from yeast-like cells to a mycelial form is observed, which is
expressed in the formation of thin septate hyphae.

Macro- and micromorphology of colonies of fungal cul-
ture isolated from sample NeB Colonies are round, light
brown, with pronounced aerial mycelium raised above the
surface of the medium. A denser structure is noted in the cen-
tral part. Microscopic analysis revealed a branched system of
hyphae with a septate structure. In sample NeC, colonies vary
in size from small to medium, round with uneven edges, and
light grey and white. The developed fluffy aerial mycelium is
noted and raised above the surface of the medium. Micros-
copy revealed the presence of filiform hyphae with septa, as
well as spore-bearing cells of a rounded shape, consisting of
clusters of cells.

3.1 Biochemical analysis of culture

During the study of the biochemical properties of isolated
cultures, the colonies’ diameter was measured to assess their
growth depending on the composition of the nutrient medium,
as well as to study the effect of various carbon sources. Four
agar nutrient media with different carbohydrate composi-
tions were used as substrates: corn agar containing molasses;
honey agar enriched with fructose; potato agar, in which the
main source of carbohydrates is starch; and Czapek-Dox me-
dium containing sucrose. The data obtained made it possible
to identify the features of the metabolic activity of the stud-
ied strains depending on the carbon substrate used (Figure 3).

The growth of colonies was measured over a period of
three days, since all the studied strains showed pronounced
growth activity during this period (Table 1).

Analysis of the experimental data showed that the abil-
ity to grow on different nutrient media varied significantly
between the strains. Strain Ne3 was the most active, espe-
cially on honey agar (average growth 3.76 cm, = = 1.43),
with pronounced growth also on potato agar and Czapek me-
dium. Strain Ne5 showed good results on honey agar (average
growth 1.85 cm, + = 1.43) and potato agar (average growth
1.19 cm) but was accompanied by high variability. Strain Nel
demonstrated moderate and stable growth (maximum on corn
agar — 0.95 cm, = = 0.17), indicating its preference for me-
dia with complex carbohydrates but with limited adaptability.
Strain Ne6 also showed moderate growth, especially on po-
tato agar (1.05 cm), with a low deviation, indicating its abil-
ity to grow stably. Strain Ne4 was the least active, with mini-
mal growth on all media.

To improve the clarity and ease of interpretation of the re-
sults, the growth dynamics of fungal strains on various nu-
trient media were presented in the form of graphs (Figure 4).

Figure 3 — Results of strain growth on day 3 on various nutrient media: 1 — corn agar; 2 — honey agar; 3 — Czapek-Dox
medium; 4 — potato agar.
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Table 1 — Measurement of strain growth on different media

strain Nel
Nutrient medium day 1 day 2 day 3 mean value SD (£)
Corn agar 0,8 0,84 1,2 0,95 0,17
Honey agar 0,36 0,84 1,36 0,85 0,34
Potato agar 0,36 0,75 0,9 0,67 0,21
Czapek 0,315 0,55 0,84 0,57 0,18
strain Ne3
Corn agar 0,35 1,53 1,7 1,19 0,56
Honey agar 1,62 4,06 5,61 3,76 1,43
Potato agar 0,55 2,2 3 1,92 0,91
Czapek 0,315 1,62 3 1,65 0,90
strain Ne4
Corn agar 0,1 0,27 0,27 0,21 0,08
Honey agar 0,36 0,85 1,235 0,82 0,30
Potato agar 0,4 0,48 0,65 0,51 0,09
Czapek 0,06 0,06 0,06 0,06 0
strain Ne5
Corn agar 0,28 0,825 1,105 0,74 0,30
Honey agar 4 0,78 0,78 1,85 1,43
Potato agar 0,84 1,2 1,53 1,19 0,23
Czapek 0,35 1,08 1,425 0,95 0,40
strain Ne6
Corn agar 0,1 0,28 0,405 0,26 0,11
Honey agar 0,315 0,77 1,12 0,74 0,28
Potato agar 0,66 1,05 1,44 1,05 0,26
Czapek 0,4 0,55 0,78 0,58 0,14
Growth Dynamics of Strain Ne1 on Different Media Growth Dynamics of Strain Me3 on Different Media Growth Dynamics of Strain Ne4 on Different Media
" /
:
oar ,///‘ H & 04
P iR pr et Coreon s P ey A B3
1s Growth Dynamics of Strain Ne5 on Different Media Growth Dynamics of Strain Ne6 on Different Media
st Cultton ays s e Cobation ors szt

Figure 4 — Growth dynamics of fungal strains on various nutrient media.
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The most active growth is observed in strain Ne3, espe-
cially on honey agar, where the highest values are achieved
by the third day. Strain Ne4 demonstrates weak growth on the
Czapek medium, which indicates a low ability to assimilate
sucrose as a carbon source. Strains Nel, Ne5 and Ne6 show
better growth on potato agar and honey agar, which indicates
their ability to use starch and fructose as nutrients. Czapek
medium is generally the least favorable for most strains, ex-
cept for Ne5, which demonstrates moderate growth.

In general, honey agar was the most productive for most
strains, while the Czapek medium showed the least efficiency.
Thus, the composition of the nutrient medium has a decisive
effect on the growth of fungi, and taking into account both the
average growth rate and its stability allows an objective as-
sessment of the physiological potential of each strain.

3.2 Genetic analysis of culture

DNA extraction was performed for further study and pre-
cise identification of the isolated fungal cultures, followed by
molecular genetic analysis. During the study, amplification of
the isolated DNA was carried out using species-specific prim-
ers, which made it possible to obtain clear amplicons of about
600-650 nucleotide pairs in size (Figure 5).

M1 3 4 5 6 K+K-

1000bp —»

bp ——»

Figure 5 — Electropherogram results: M — DNA ladder (100
bp); K- — negative control; K+ — positive control; 1,3,4,5,6
—DNA.

Aureobasidium pullulans

Didymella glomerata

The results indicate the high specificity of the applied
primers and the efficiency of the conducted amplification,
which provides a reliable basis for further sequencing.

As aresult of sequencing, nucleotide sequences were ob-
tained, which were then subjected to comparative analysis
with reference sequences presented in the international NCBI
GenBank database. According to the results of BLAST analy-
sis, identification of the isolated strains showed a high degree
of homology with known fungal species. In particular, sam-
ples Nel, Ne5 and Ne6 were identified as Aureobasidium pul-
lulans, sample Ne3 as Didymella glomerata, and sample Ne4
as Epicoccum nigrum. These results confirm the correctness
of the molecular genetic approach and allow us to classify
the isolated cultures as pathogens of phytopathogenic fungi.

3.3 Pathological examination of strains

A pathological test confirmed the pathogenicity of the
identified phytopathogenic fungi. Spore suspensions of each
isolated strain were applied to healthy sea buckthorn seed-
lings to assess their infectious potential. Spore suspensions
prepared from pure cultures of Aureobasidium pullulans, Did-
ymella glomerata and Epicoccum nigrum were used as in-
oculum. The treated plants were incubated under controlled
conditions at optimal temperature and humidity for 5 days
(Figure 6).

At the end of the incubation period, a macroscopic anal-
ysis of the plants was carried out, assessing the development
of disease symptoms, such as tissue discoloration, the appear-
ance of necrotic spots, wilting and deformation of leaves. Re-
peated isolation of the pathogen and identification based on
morphological features and sequencing confirmed the pres-
ence of pathogens A. pullulans, D. glomerata and E. nigrum.
The results obtained confirmed the pathogenicity of the stud-
ied strains to sea buckthorn, which indicates their potential
role in the development of fungal diseases of this crop.

3.4 Testing strains for resistance to antifungal agents

The test for resistance to antifungal drugs was performed

Epicoccum nigrum

Figure 6 — Pathological test results: top — healthy plants; bottom — 5 days after infection.
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on three isolated fungal strains (4. pullulans, D. glomerata
and E. nigrum). Six antifungal drugs were used to assess sus-
ceptibility: itraconazole, clotrimazole, ketoconazole, terbina-
fine, fluconazole and nystatin in various concentrations (Fig-
ure 7).

The experiment results demonstrate different degrees of
resistance of the studied fungal strains to antifungal drugs.
The Aureobasidium pullulans strain showed complete resis-
tance to ketoconazole and fluconazole. The use of nystatin
and intraconazole had a restraining effect on the growth of the
culture, but significant suppression was observed only at high
concentrations of the drugs. At the same time, terbinafine and
clotrimazole completely inhibited the growth of this strain.

Didymella
glomerata

Aureobasidium
pullulans

nystatin

fluconazole

terbinafine

ketoconazole

clotrimazole

itraconazole
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The Didymella glomerata strain showed sensitivity to all
the studied antifungals, except intraconazole and fluconazole,
where insignificant growth of the culture was observed at a
concentration of 0.5 pg/ml.

The Epicoccum nigrum strain was susceptible to intracon-
azole, ketoconazole, nystatin, fluconazole and terbinafine.
However, when exposed to clotrimazole at concentrations of
0.5 and 2.0 pg/ml, the growth of the culture was preserved,
indicating its partial resistance to this drug.

4 DISCUSSION

The study’s results confirm that Aureobasidium pullulans,
Didymella glomerata and Epicoccum nigrum are significant

Epicoccum
nigrum

K+

50 0.5

3,0 1.0

2,0 1.5

Figure 7 — Results of resistance to antifungal agents.
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sea buckthorn phytopathogens capable of causing diseases of
this crop. Isolation and identification of these fungi and ex-
perimental confirmation of their pathogenicity indicate the
need for further study of their biology, pathogenicity mecha-
nisms and interactions with the host plant. Establishing their
role in developing sea buckthorn diseases is especially im-
portant in searching for effective measures to protect and con-
trol infections [16].

Aureobasidium pullulans is an opportunistic fungus that is
widespread in various ecological niches. In the literature, it is
known as a saprotroph, a biological agent for controlling phy-
topathogens, but its role as a causative agent of plant diseases
remains poorly understood [17]. The discovery of A. pullu-
lans as a sea buckthorn pathogen indicates its ability to cause
infections under certain conditions, which may be associated
with changes in environmental factors or stress conditions of
plants. This fungus probably contributes to developing com-
plex infections together with other phytopathogens, which re-
quires additional research.

Didymella glomerata represents the genus Didymella,
which includes many phytopathogenic species that affect
woody and herbaceous plants. This study confirmed its par-
ticipation in the pathogenesis of sea buckthorn, with the man-
ifestation of characteristic symptoms such as leaf spotting and
wilting [18]. This pathogen is likely to cause chronic infec-
tions and gradually weakening plants, which can significantly
reduce the productivity of sea buckthorn plantations.

Epicoccum nigrum is a ubiquitous fungus, mostly known
as a saprotroph, but its ability to cause plant diseases has been
confirmed by several studies [19]. The present study demon-
strated pathogenic properties when artificially infected with
sea buckthorn seedlings. This may indicate its potential abil-
ity to switch from a saprotrophic to a parasitic lifestyle un-
der certain conditions. It is known that some Epicoccum rep-
resentatives can produce phytotoxic metabolites, which may
play a key role in the development of infection.

The results of the analysis of the sensitivity of the isolated
strains to antifungal drugs revealed varying degrees of sus-
ceptibility of fungi to different classes of fungicides, which
emphasizes the complexity of choosing effective means of
control.

The Aureobasidium pullulans strain was completely re-
sistant to ketoconazole and fluconazole, indicating the pres-
ence of defense mechanisms that prevent the effects of these
drugs. Nystatin and intraconazole demonstrated only partial
inhibition of culture growth, with a pronounced effect ob-
served only at high concentrations. At the same time, terbin-
afine and clotrimazole showed complete suppression of this
strain’s growth, making them promising for use in the fight
against this pathogen.

Didymella glomerata showed sensitivity to all antimy-
cotics studied, except intraconazole and ketoconazole at low
concentrations (0.5 pg/ml), where insignificant growth was
observed. This indicates the possibility of using these drugs
in the fight against this pathogen, but additional studies are
needed to determine the optimal dosages and application reg-
imens.

The Epicoccum nigrum strain was susceptible to itracon-
azole, ketoconazole, nystatin, fluconazole and terbinafine.

However, in the presence of clotrimazole at concentrations
of 0.5 and 2.0 pg/ml, the culture grew, which may indicate
the presence of partial resistance mechanisms.

The obtained data emphasize the importance of an indi-
vidual approach when choosing antifungal agents to control
each specific type of pathogen. Differences in the sensitivity
of strains to fungicides may be due to specific features of cell
walls, as well as the ability of fungi to produce enzymes that
destroy antifungal compounds.

The results of this study are of practical importance for the
development of strategies for protecting sea buckthorn from
fungal pathogens. The detection of Aureobasidium pullulans,
Didymella glomerata and Epicoccum nigrum as pathogens
of this crop emphasizes the need to monitor the phytosani-
tary condition of sea buckthorn plantings. It is important to
take into account the potential participation of these fungi
in mixed infections, which can complicate the diagnosis and
control of diseases.

The obtained data on the sensitivity of the isolated patho-
gens to antifungals can be used to justify the use of fungi-
cides in protecting sea buckthorn plantations. For example,
terbinafine and clotrimazole can be recommended to control
Aureobasidium pullulans. At the same time, a wider range of
drugs, including ketoconazole, intraconazole and fluconazole,
can effectively suppress Didymella glomerata and Epicoc-
cum nigrum.

Thus, the study not only expands knowledge about sea
buckthorn phytopathogens but also lays the foundation for
the development of effective methods for combating fungal
diseases of this crop, which can contribute to an increase in
the yield and quality of sea buckthorn fruits, as well as a de-
crease in economic losses in agriculture.

CONCLUSION

The study identified three strains of phytopathogenic fungi
affecting sea buckthorn: Aureobasidium pullulans, Didymella
glomerata and Epicoccum nigrum. For their identification,
pure cultures were isolated on a nutrient medium, biochemi-
cal analysis and microscopy were carried out, and molecular
genetic methods were used, including DNA extraction, am-
plification (PCR) and sequencing. The pathogenicity of the
strains was confirmed through a pathological test conducted
on young sea buckthorn seedlings by artificial infection.

Analysis of resistance to antifungal drugs revealed a dif-
ferentiated reaction of the strains to various groups of antifun-
gal agents. The data obtained can be used to develop effective
strategies for protecting sea buckthorn from fungal infections,
including recommendations for using fungicides and selecting
the most effective drugs for pathogen control.
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NAEHTUOUKALUS, IATOTEHHOCTbh U AHTUMHUKOTHYECKAS YYBCTBUTEJIBHOCTD
I'PUBKOBBIX ITATOI'EHOB OBJIEITMXH

Borartko JI.!, Cmarynosa A.M.>*, Xanuauna O.H.2, Tymen6aeBa A. 2, Kusin B.C.?

! Espasutickuti Hayuonanwusiil ynugepcumem umenu JI.H. I'vuunesa, Acmana, Kazaxcman.
? Hayuonanvhwiil yenmp 6uomexnonozuu, Acmana, Kazaxcman

* ABTOp KoppecnorneHT: Cmarynosa A.M., smagulova0ll4@gmail.com

ABCTPAKT

B pamMkax JaHHOTO HCCIIEIOBaHUS MPOBE/IeHa KOMILICKCHAs MACHTH(UKAINS U XapaKTePUCTHKA IPHOKOBBIX TaTOICHOB,
nopaxaroimux oonenuxy (Hippophae rhamnoides). C UCONb30BaHUEM METO0B MUKPOOHOIOTHH, OMOXUMHUYECKOTO aHa-
nu3a, MoseKynsapHo-renetndeckor nuarHoctuku (ITLP u cekBenuposanue JJHK) u maToreHeTHUECKOTO TECTUPOBAHUS OBLITH
BBISIBIICHBI TPH BHJA (PUTONATOTCHHBIX TpHOOB: Aureobasidium pullulans, Didymella glomerata w Epicoccum nigrum. DKc-
NEePUMEHTAJILHO TIOITBEP)KCHA UX MATOTeHHOCTh B OTHOIIEHUH o0yenuxu. OlieHKa 4yBCTBUTEIBHOCTH M30JIATOB K ILIECTH
AHTUMHUKOTHYECKHUM Tipenapartam (TepOuHaduH, HUCTATHH, KETOKOHA30JI, KJIOTPUMAa30Jl, HHTPAKOHA30J U (IIyKOHA30.1)
BBISIBHJIA BUIOCTICIIU(PUICCKHAE PA3IUYMS B BOCIPUUMUYUBOCTH K (GYHTUIUIHOMY BO3ACHCTBHUIO. [loydueHHbBIC TaHHbBIC
PaCIIUPSIIOT MPEJCTABICHHUSI 00 ATHOJIOTMH IPHOKOBBIX 3a00JI€BaHUI OOJICIIMXU U MOTYT OBITh UCIIOJIB30BAHBI ISl Pa3padOTKH
3 PEKTUBHBIX CTPATErHii (PUTOCAHUTAPHOTO KOHTPOJISI M 3AIIUThI PACTCHUI.

Kuarwuessbie cnoBa: Hippophae rhamnoides, Aureobasidium pullulans, Didymella glomerata, Epicoccum nigrum,
uoeHmugpuKayus, NAMo2eHHOCMb, AHMUMUKOMUYECKAS 4YECMEUMETbHOCb.

HIBIPFAHAKTAP KO3ABIPFBIIITAPBIH TYPIH, TATOT'EHAIJIITTH ’)KOHE CAHBIPAYKYJIAKKA
KAPCBI CE3IMTAJIABIFbIH AHBIKTAY

Boratko JI.!, Cmarynosa A.M.>*, Xanuanna O.H.2, Tymen6aesa A. 2, Kusin B.C.?

! Eypasus ynmmoix ynusepcumemi JI.H I'ymunes, Acmana, Kazaxcman.
2 ¥ammuig buomexnonozusn opmanvizel, Acmana, Kazaxcman

*Koppecmornent aBropsl: CmarymnoBa A.M., smagulova0ll4@gmail.com

AHJIATIIACEHI

By 3eprrey Tenis meipranarsina (Hippophae rhamnoides) ocep eTeTin caHpIpayKyJIaK MaTOTCHICPIH KaH-KaKTHI
aHBIKTayFa )KOHE CUIaTTayFa OarbITTanFaH. MUKpOOMOIOTHSIBIK 9ICTEP Ii, OMOXUMIITBIK TaJ Ay b, MOJICKYJIAIBIK-TCHETH-
kanbeIK quarHoctukansl (ITTP sxone JIHK cekBeHIMACH) KoHE MATOTeHETHKAIBIK TECTIEY 1l KOIJaHa OTHIPHII, (PUTONAaTOTeH Il
CaHBIPAYKYJIAKTAP/IBIH YII TYPi aHBIKTaI bl Aureobasidium pullulans, Didymella glomerata xone Epicoccum nigrum. Omapapia
TEHi3 IBIpFaHaFbIHA MMATOTSHAUTITT TOXKIpHOe XKY31HIe pacTaiabl. ATTHI 3eHTe Kapchl penapaTrapra (TepOuHaduH, HUCTaTHH,
KETOKOHA30JI, KIIOTPUMAa30J1, UTPAKOHA30JI JKoHE (PITYKOHA30JT) H30JIATTAPABIH Ce3IMTAIIBIFBIH OaFanay (yHTHIUATIK dcepre
Ce3IMTaJIBIKTa TYPre TOH allbIpMaNIbUIBIKTAP/Ibl aHBIKTabl. AJIBIHFAH AEPEKTEP TEHI3 MIBbIPFaHaKTapbIHBIH CaHbIPAYKYJIAK
aypyJIapBIHBIH STHOJOTHSACH Typallbl TYCIHITIMI3 Il KeHeHTe Al joHe (pruTocaHUTapIIBIK OaKbIIay MEH OCIMIIKTEP i KOPFayabIH
THIMJII CTpaTEeTUSIIAPBIH d3ipIiey YIIiH MaigaTaHbLUTy sl MYMKIH.

Tyiiin ce3nep: Hippophae rhamnoides, Aureobasidium pullulans, Didymella glomerata, Epicoccum nigrum,
UOEHMUDUKAYUACDL, NAMO2EHOINIT, CAHBIPAVKYIAKKA KAPCbL CE3iMMANObIEL.
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