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ABSTRACT

Some plants (Agropyrum repens L., Alhagi pseudoalhagi (M.Bieb.) Desv. ex Wangerin, Allium rubellum M. Bieb.,
Calendula officinalis L., Daucus carota L., Mentha spicata L., Poa bulbosa L., Rosa canina L., Trifolium pratense L. and
Viola tricolor L.) belonging to the flora of the Republic of Azerbaijan, distributed on the Absheron Peninsula were
studied for the species composition of their mycobiota and the antimicrobial activity of their constituent components.
It became clear that a total of 67 fungal species are involved in the formation of the mycobiota of the studied plants.
These fungi include toxigens, allergens, phytopathogens, opportunistic pathogens, and endophytes. In addition to
being one of the habitats of fungi, they also contain components with antimicrobial activity. Among these components,

essential oils are characterized by more active indicators.
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1. INTRODUCTION

One of the characteristic features of the modern period
is the ever-increasing human intervention in nature, as
a result of which various problems are beginning to
appear on Earth. The deterioration of the environmental
situation, the depletion of biodiversity, desertification,
salinization and other similar phenomena are no longer
felt within the boundaries of a single country, but on a
regional and global scale. One of the manifestations of
this is the emergence of new diseases and a more se-
vere course of existing diseases [1]. As a result, a weak-
ening of the immunological resistance of people is
clearly observed [2]. Therefore, the above circumstances
necessitate, or rather, an urgent need, to find means that
can prevent these problems and strengthen the human
immune system, and obtaining them from natural
sources is considered the most appropriate. One of
such natural sources are plants, which contain a wide
range of biologically, including pharmacologically,
active substances with various effects [3]. Despite this,
the number of plants currently used for this purpose or
serving as raw materials for the production of drugs with

pharmacological activity is extremely small compared
to the number of plant species known to science. It is
enough to note that the total number of plant species
known to science is about 400,000 [4], the number of
essential oil plants is 2500-3000 [5], while the number
of plants from which pharmacologically active substances
are obtained under industrial conditions is extremely
small [6].

The Republic of Azerbaijan has a rich nature, and
in its relatively small territory there is a wide range
of plants that are important in terms of the above
mentioned tasks and generally belong to the category
of useful plants. Currently, the number of plant species
included in the flora of Azerbaijan is approaching
5000 [7]. However, today, medicinal products of high
medical value and intended for use in clinical practice,
especially on an industrial scale, are practically not
produced from plants that are widely grown in the
country. It should be noted that a number of plants of
the flora of Azerbaijan have been comprehensively
studied in botanical, pharmacological, mycological and
other aspects, and 1075 plant species included in the
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flora of the country were recognized as promising from
a pharmacognostic point of view and recommended for
further study as natural sources of biologically, including
pharmacologically, active substances [8]. In our opinion,
this figure does not reflect modern realities, since the
main source for its determination was the publication
“Flora of Azerbaijan”, published in Russian in 1952.
The data from that period are largely outdated and reflect
only part of the properties characteristic of certain plants.
More precisely, in our opinion, the statement based on
information from that time cannot currently be considered
fully consistent with reality.

Taking into account all of the above, the aim of the
presented work is to evaluate the antifungal activity of
the components of a number of plants included in the
flora of Azerbaijan.

2. MATERIALS AND METHODS

2.1 Plant selection

To study the mycobiota and constituent components of
plants belonging to the Azerbaijani flora, species such as
Agropyrum repens L., Alhagi pseudoalhagi (M.Bieb.) Desv.
ex Wangerin, Allium rubellum M. Bieb., Calendula officinalis
L., Daucus carota L., Mentha spicata L., Poa bulbosa L.,
Rosa canina L., Trifolium pratense L., and Viola tricolor L.,
which are medicinal and have sufficient resources not only
on the Absheren Peninsula (40° 25” 0» N, 49° 20’ O» E) but
throughout the Republic. In both cases, samples were taken
from the aboveground parts of the plants. To study the anti-
microbial activity of the components, the collected samples
were air-dried and ground into powder in a laboratory mill.

2.2 Isolation, identification and cultivation of pure cul-
tures of fungi

For the separation of test cultures, samples were also taken
from soils exposed to anthropogenic impact. Samples for the
study were taken from the areas of the Absheron Peninsula of
the Republic of Azerbaijan. The collected soil samples were
collected in sterile bags and delivered to the laboratory within
a short time (within 2-4 hours), a 10% extract was prepared,
which was diluted (10-100 times) and inoculated into a nu-
trient medium, and a pure culture was obtained using known
methods [9-11]. The isolated pure cultures were identified by
classical mycological methods based on known identifiers
[12-14]. In this case, macroscopic (color, shape, edges, color
of the back of the colony, etc.) and microscopic (shape of the
sac, the number of spores in it, the shape and size of conidia
carriers and conidia, phialides, etc.) structural elements of the
obtained pure cultures were determined, and the species com-
position was determined by identification based on the corre-
sponding determinant. For microscopic examination of micro-
structural elements, a digital laboratory trinocular microscope
OMAX 40X-2500X LED with a USB camera was used. Sam-
ples taken from plants, more precisely samples from the area
suspected of containing the fungus, were obtained as pure cul-
tures either directly or by washing the area with sterile water
and transferring the wash water to the culture medium, and
identified according to the procedure described above. In total,
more than 350 plant samples and 56 soil samples were taken
during the research and analyzed in accordance with the pur-
pose of the study.
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For the taking fungi to the pure cultures were used nutri-
ent media such as agarized malt juice (AMJ), rice (RA), starch
(SA) and potato (PA) agars, agarized Capek and Capek-Doks
media. Preparation, sterilization, and pouring of media into
Petri dishes were carried out according to known methods ac-
cepted in microbiology [15].

For the cultivation of fungi in a liquid nutrient me-
dium, Capek medium was used, the composition of which
was as follows (g/l): Glucose — 14,0; CaCO, - 0,7; KNO, —
0,7; MgSO, — 0,35; NaCl — 0,35; K,HPO, - 0,35; FeSO,~
traces; distilled water — 1 L.

2.3 Antifungal activities

To determine the antifungal activities of the studied plants
were used aqueous (10%), alcoholic extracts(3%) obtained
from their air-dried aerial parts collected during the flowering
phase, and essential oils obtained by hydrodistillation meth-
ods [16]. The process was evaluated based on the amount of
biomass (BM) produced (g/l). As a control, were taken bio-
mass produced by the fungi on Chapek medium without ad-
dition plant-means agent. To implement these, methods and
approaches used in the work of various authors [17-18] were
used.

As a test cultures were used fungi, which were izolited
from the soil during the study, according to the classical meth-
0ds[19] described above.

2.4 Statisticaly analisis

During the research, all experiments were repeated 4-6
times and the results were statistically analyzed [20]. In all
cases, results that met the formula 6/M = P < 0.05 (where M
is the mean value of the replicates, o is the standard devia-
tion, and P is the Student’s test) were were considered valid
and used in this article.

3. RESULTS

During the research, the plants selected as the ob-
ject of study first was studied for their species composi-
tion of mycobiota, and it was determined that in total, 67
fungal species participate in the formation of their my-
cobiota. These fungi differ both from each other and in
the form of their participation in the mycobiota of indi-
vidual plants. Their numerical characteristics are given
in Table 1. The fungi identified in the studies included 7
species (Actinomucor elegans, Mortierella alpina, Mu-
cor circinelloides, M.hiemalis, M.mucedo, M.rasemous
and Rhisopuz stolonifera) belonging to the Mucormycota
and 60 species to the Ascomycota divisions, while 53
species of ascomycota fungi (A/ternaria alternata, A.ra-
dicina, A.solani, Aspergillus flavus, A. nidulans, A. niger,
A.ochraceus, A.repens, A.ustus, A.versicolor, Aureobasid-
ium pullulans, Botrytis cinerea, Cehpalosporium lecani,
Cercospora beticola, C.fabae, C.medicagnis, Cladospo-
rium cladosporides, C. herbarum, C.gossypii, C. tran-
schelii, Fusarium culmorum, F.oxysporum, F.solani, F.
verticillioides (= F. moniliforme), Gliocladium roseum,
Macrosporium commune, M.macrosporium, Penicillium
brevicompactum, P.chrysogenum, P.cyclopium, P.expan-
sum, Pfuniculosum, P.glacum, Pjanthinellum, P.rubrum,
Phoma fallens, Ph.betae, Ph.destructiva, Ph.medicaginis,
Ramularia betae, R.medicaginis, Sphaceloma menthae,
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Table 1 — Numerical characteristics of fungal species involved in the formation of the mycobiota of the studied plants.

Plant species Mucormucota Ascomucota Bazidiomucota Total
Agropyrum repens L., 1 10 1 12
Alhagi  pseudoalhagi (M.Bieb.)

Desv. ex Wangerin, L. 2 15 2 19
Allium rubellum M. Bieb. 0 11 1 12
Calendula officinalis L., 1 12 1 14
Daucus carota L., 1 7 1 9
Mentha spicata L., 1 6 0 7
Poa bulbosa L., 0 8 0 8
Rosa canina L., 1 12 1 14
Trifolium pratense L. 2 17 2 21
Viola tricolor L. 1 9 0 10
Total 2 59 6 67

Talaromyces purpurogenus, Thielaviopsis basicola, Trich-
oderma asperellum, T.hamatum, T harzianum, T koningi, T.
viride, Trichotectum roseum, Verticillium album, V.dahile and
V. nigrescens) species to anamorphs, and 7 species (G. fujik-
uroi, M. sitophila, P. herbarum, Sclerotinia laxa, S.sclerotio-
rum, S.trifoliorum, S. helianthi, S.nodorum, S.sojina, S. bo-
tryosum) to telemorphs. has been determined to belong. As for
the distribution of fungi on plants and soil, it was clear from
the results that only 17 species of fungi (Botrytis cinerea, Cer-
cospora beticola, C. fabae, C. medicagnis, Ph. betae, Ramu-
laria betae, R. medicaginis, Sphaceloma menthae, Sclerotinia
laxa, S. sclerotiorum, S. trifoliorum, Septoria helianthi, S. no-
dorum, Thielaviopsis basicola Tr. roseum, Verticillium album
and V.dahile) in plants, 20 (Actinomucor elegans, A. flavus, A.
nidulans, A. niger, A. ochraceus, A. repens, A. versicolor, Mor-
tierella alpina, Mucor circinelloides, M. hiemalis, M. mucedo,
M. racemous Penicillium brevicompactum, P. chrysogenum,
P. cyclopium, P. expansum, P. funiculosum, P. glacum, P.jan-
thinellum and P. rubrum) species were found in soils, and
the remaining 30 species were found in both plants and soils.

In the next stage of the research, the antimicrobial activity
of the products obtained from the studied plants (10% aque-
ous extract, alcoholic extract and essential oil) was evaluated.
In this case, not classical test cultures, but fungi characterized
by a wide diversity due to ecotrophic specialization and iso-
lated from the soil during the research were used.

From soil samples exposed to anthropogenic impact, 50
pure cultures of micromycetes were isolated, differing in their
cultural and morphological properties. This is evidenced by
the data shown in Figure 1. The isolated pure cultures were
classified as belonging to the following species:: A.alternata
(3 strains), A. flavus (2), A. niger (3), Botrytis cinerea (2),
Cladosporium herbarum (3), Fusarium oxysporum (2), F. ver-
ticillioides (= F. moniliforme) (2), Penicillium chrysogenum
(2), P. cyclopium (3), Verticillium album (2), etc. (26). Fungi
isolated from the soil also differ from each other in the forms
of manifestation of ecotrophic specialization (allergenic, toxi-
genic, opportunistic, phytopathogenic) and the nature of the
pathologies they cause (hemibiotrophic, necrotrophic).

So that among the registered fungi, phytopathogens (4/-
ternaria alternata, Fusarium oxysporum, F. verticillioides,
Verticillium album), toxigenic species (A/ternaria alternata,
Aspergillus flavus, A. niger, Fusarium oxysporum, F. verti-

cillioides, Penicillium chrysogenum, P. cyclopium), as well
as allergens and opportunistic forms were found. In general,
it should be noted that some fungi, depending on the man-
ifestations of ecotrophic specialization, can simultaneously
belong to toxigenic, allergenic and opportunistic groups, for
example, A. niger. Therefore, the use of such fungi as test
cultures is of interest also from the point of view of develop-
ing future preventive measures to combat fungi with similar
characteristics. At the final stage of the research was assessed
the effectiveness of the influence of the products obtained
from the studied plant species on the growth of fungal strains
isolated from soils subjected to anthropogenic impact.

The efficiency of the process was determined by the
yield of the resulting biomass (g/l) within 5 days after
introducing a certain amount of the specified agents into the
liquid Chapek medium. The obtained results showed that
the products obtained from certain plants have the ability to
exhibit antifungal activity against all the fungi studied, but
the quantitative indicators of this activity differ significantly.
In particular, the results of studies of the antifungal activity
of 10% aqueous extracts of plants indicate that, although all
plants contain water-soluble metabolites that have antifungal
action to varying degrees, their activity is fungostatic in
nature. That is, under their influence, the growth of all fungi
is suppressed, and the degree of suppression, depending on the
type of plant and fungus, is 21-67% (Table 2). Adding to the
medium the same amount of the products obtained from
the studied plants by extraction with 3% alcohol also has
an effect on the growth of fungi, but overall the inhibi-
tory effect is somewhat enhanced, and the degree of sup-
pression is 28—71% (Table 3). It has been established that
the addition of equal amounts of essential oils obtained
from plants by hydrodistillation and calculated per unit
of plant mass has a pronounced negative effect on the
growth of fungi, and in some cases even was observed
fungicidal activity. Thus, the addition of essential oils of
plants into the nutrient medium resulted in a decrease in
growth by 78-100% (Table 4).

Among the components obtained from plants, essential
oils have higher antifungal activity, and this was observed in
plants (Allium rubellum, Mentha spicata, Poa bulbosa) that
have been almost unstudied in this direction in the studies
conducted so far.
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Figure 1 — Microscopic view of some structural elements of fungi such as Alternaria alternate (1), Aspergillus niger
(2), Fusarium oxysporum (3), Penicillium chrysogenum (4), Trichotechium roseum (5), Aureobasidium pullulans (6),
Cunninghamella echinulata (7), Trichoderma asperellum (8) and Rhisopus stolonifera recorded in studies.

Table 2 — General information on the effect of 10% aqueous extract from plants on the growth of fungi used as test cultures
(amount of biomass produced relative to the control, in %).

No Plant species
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1 | Alternaria alternata 61 42 51 61 54 55 47 57 50 39
2 | Aspergillus flavus 63 45 55 58 53 55 45 52 52 41
3 | A.nidulans 61 41 52 79 49 55 42 56 54 39
4 | A.niger 58 50 53 65 51 53 43 56 54 39
5 | Botrytys cinerea 57 48 55 68 50 50 41 51 50 39
6 | Cladosporium herbarium 53 43 49 62 49 48 40 49 50 33
7 | Fusarium moniliforme 50 44 51 63 51 50 46 55 52 39
8 | Foxysporium 51 42 49 61 52 56 42 50 55 37
9 | Penicillium chrysogenum 56 47 54 52 55 57 49 57 57 40
10 | Pcuclopium 54 44 53 58 52 55 46 52 58 39
1T | Trichoderma viride 59 52 56 57 57 50 49 59 56 47
12 | Verticillium album 52 48 54 60 54 51 48 50 51 42
Control 100
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Table 3 — General information on the effect of 3% alcohol extract from plants on the growth of fungi used as test cultures (in

% relative to control).

Ne lant species
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Q IR « ~= O Q S S W S ~
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Test-kultur S |35 |S S S S é § SRS E E
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I | Alternaria alternata 61 42 51 61 54 55 39 57 50 38
2 | Aspergillus flavus 63 45 55 58 53 55 40 52 52 39
3 | A.nidulans 61 41 52 72 49 55 39 56 54 38
4 | A.niger 58 50 53 59 5T 53 Vi) 56 54 40
5 | Botrytys cinerea 57 48 55 68 50 50 39 51 50 40
6 | Cladosporium herbarium 53 43 49 59 49 48 38 49 50 29
7 | Fusarium moniliforme 50 44 51 61 51 50 47 55 52 31
8 | Foxysporium 51 42 49 62 52 56 39 50 55 34
9 | Penicillium chrysogenum 56 47 54 56 55 57 42 57 57 39
10 | Pcuclopium 54 44 53 54 52 55 41 52 58 38
IT | Trichoderma viride 59 52 56 53 57 50 43 59 56 41
12 | Verticillium album 52 48 54 59 54 51 44 50 51 39
Control 100

Table 4 — General information on the effect of EO obtained from plants on the growth of fungi used as test cultures (in %

relative to control).

Ne lant species
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1 | Alternaria alternata 5,1 1,5 1,3 14,1 3,8 13,7 0 34 33 0
2 | Aspergillus flavus 5,2 2.4 2.5 13,7 4.0 14,1 93 5,5 5,0 0
3 | A.nidulans 472 3,0 33 12,6 3,6 13,9 7,3 33 3,7 0
4 | A.niger 5,0 3,0 32 11,8 3,5 9,8 6,6 3,6 3,7 0
5 | Botrytys cinerea 2,9 0 2,5 10,7 3,0 9,1 4,2 3,0 2,8 0
6 | Cladosporium herbarium 3,1 0 0 21,0 3,0 8.4 0 34 2.8 0
7 | Fusarium moniliforme 2.9 2,0 1,8 14,9 33 8,2 5,7 35 35 0
8 | Foxysporium 4,0 1,9 2,7 13,6 4,0 7,6 0 32 32 0
9 | Penicillium chrysogenum 2.9 1,9 2.3 17,5 35 9.8 0 38 2.9 0
10 | Pcuclopium 42 2,2 2.5 15,4 32 8,1 2,1 3,1 35 0
1T | Trichoderma viride 5,0 11,2 3,1 14,4 5,5 10,1 2,7 53 5,5 0
12 | Verticillium album 32 0 1,7 12,5 3,0 11,1 0 3,0 2,8 0
Control 10
4. DISCUSSION medical industries. In this area, most studies use classi-

There is growing interest in natural ingredients that con-
tain substances that inhibit the growth of harmful microorgan-
isms, primarily fungi, to one degree or another. These sources
include plants, which are also of interest due to the presence
of substances with biological, including pharmacological, ac-
tivity in their composition [21]. This is confirmed by studies
conducted in many countries [22-23], including the Republic
of Azerbaijan [18, 24-26].

Typically, test cultures are used to determine various
properties, including antibacterial, antifungal and other
activities, in order to evaluate the field of application of
a particular phytocomponent or metabolite, especially a
phytocomponent intended for use in the food, feed and

cal test cultures such as Escherichia coli, Pseudomonas
aeruginosa, Staphylococcus aureus and Candida albicans
[26]. In accordance with the development of science and
technology, as new properties are discovered in fungi and
bacteria, new approaches are also being developed in re-
lation to test cultures, namely, cultures that differ in their
characteristics from classical test cultures are increas-
ingly being used. The main reason for this is the need to en-
sure the universality of the results obtained. Therefore, it has
been deemed appropriate to use modern test cultures rather

than classic ones in research.

Thus, it was shown that the components obtained from
essential oil plants have both fungostatic and fungicidal ef-
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fects on fungi. Among plants possessing this characteristic,
the highest activity is observed in Artemisia absinthium, A.
vulgaris, Mentha piperita and Salvia officinalis. For exam-
ple, aqueous extracts from 10 essential plants inhibited fun-
gal growth by 40-61%, alcoholic extracts by 44-68%, and es-
sential oil by 100% [27].

Our study showed that some plant species belonging to the
Azerbaijani flora contain plant components that partially or
completely limit the growth of fungi with different forms of
ecotrophic specialization (allergenic, toxigenic, opportunis-
tic, phytopathogenic, etc.), even more than the above-men-
tioned plants. For example, aqueous and alcoholic extracts of
Allium rubellum, Mentha spicata, and Poa bulbosa inhibited
the growth of test fungi by 21-67% and 28-71%, respectively.

Furthermore, our study results showed that these plants
provided habitat and nutrient media for certain fungi.
Interestingly, there is a correlation between the abundance of
fungal species involved in the mycobiota of a particular plant
and its antifungal activity. Thus, a decrease in a plant’s anti-
fungal activity corresponds to a trend toward an increase in
the number of fungal species comprising the mycobiota of
a particular plant species. Clarifying this relationship for a
wider range of plant species may also indicate that mycobi-
ota abundance could be used in the future as an indicator of
antifungal activity.

Moreover, future research should focus on identifying
plants common in Azerbaijani conditions that possess high an-
tifungal activity, particularly among plants that have not been
studied or have been insufficiently studied. Thus, research
conducted in many parts of the world focuses primarily
on plants known to produce bioactive amines (BAS), and
therefore the number of plant species studied in this area is
limited. Therefore, a more appropriate approach in the future
would be to focus more attention on less-studied plants. When
conducting such research, it would be advisable to consider
the interactions between plants and fungi, particularly
endophytes, when exploring this issue. Even when penetrating
plant cells, endophytic fungi do not harm them and the me-
tabolites they synthesize are beneficial to plants and possess
antifungal, antibacterial, antiviral, and other properties [28].
In our view, determining whether changes in the activity of
a given plant’s bioactive androgen systems (BAS) as a result
of these interactions could be useful for the use of plants, as
well as fungi, in this field.

5. CONCLUSION

Thus, the conducted studies have shown that some
plants of the flora of Azerbaijan contain metabolites that
are capable of suppressing the growth of fungi isolated
from anthropogenically modified environments and
possessing predominantly negative properties. However,
the most effective are the essential oils obtained from
these plants. This opens up broad prospects for their
future use in the development of biopreparations designed
for the preventive control of such fungi.
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