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Abstract

In large cities of Azerbaijan (Baku, Ganja, Sumqayit, etc.), the health and longevity of trees and
shrubs in urban greening programs are directly dependent on the composition of soil mycobiota.
The conducted study identified 118 different fungal species in the rhizosphere soils of 142 plant
species. The majority of these species belonged to the phyla Ascomycota (68.6%) and Zygomycota
(18.4%), with dominant genera including Fusarium (19 species), Trichoderma (14 species),
Penicillium (12 species), Aspergillus (11 species), Mortierella (9 species), Alternaria (7 species),
Cladosporium (6 species), and Verticillium (4 species).

In the functional structure of urban soil mycobiota, potentially pathogenic and conditionally
pathogenic species accounted for an average of 76.8%, saprophytes for 14.3%, and symbiotic
(mycorrhizal) species for only 8.9%. Anthropogenic impacts (soil compaction, heavy metal
contamination, alkaline pH shifts) accelerate pathogen-oriented changes, particularly increasing
disease intensity in imported ornamental species (Acer negundo, Catalpa bignonioides, Ginkgo
biloba, etc.) to 18-22.3%.

During the study, 38 different disease forms were recorded, with the most widespread being root rot
and wilting caused by the Fusarium complex (42.1%), verticillium wilt, and alternariosis. Relict
and endemic species (Quercus castaneifolia, Zelkova carpinifolia, Parrotia persica) exhibited the
lowest disease incidence (1.5-9.7%). Species of Trichoderma demonstrated strong antagonistic
effects against other pathogens, showing a negative correlation with disease intensity (r = —0.68 to —
0.81).

Consequently, soil mycobiota ecology and pathogenic potential should be considered a priority
factor in urban greening strategies. Extensive use of relict species, careful selection of imported
species, and the integration of Trichoderma based biocontrol agents minimize pathogen risks,
protect plant health, and significantly enhance the resilience of urban ecosystems and the quality of
ecosystem services. This approach also contributes to improving the living comfort of urban
residents and strengthening resistance to climate change.

Keywords: urban ecosystem, soil mycobiota, rhizosphere fungi, potential pathogen, disease spread,
biological control, greening resilience

Introduction

Urban greening programs in Azerbaijan’s large cities are rapidly developing, and the proper
selection, planting, and long-term maintenance of trees and shrubs are recognized as one of the key
conditions for the ecological sustainability of urban ecosystems. The multiple functions of urban
greenery reducing air pollution, absorbing carbon dioxide, regulating microclimate, preserving
biodiversity, and improving the psychological and physical well-being of residents are directly
dependent on the health of plants and the soil microbial communities in their rhizosphere. In this
context, soil mycobiota the taxonomic composition, ecological roles, and dynamic development of
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fungi inhabiting the soil plays a particularly important role.

Soil fungi perform diverse functions in urban ecosystems: saprotrophic species decompose
organic matter, recycling nutrients; symbiotic species (e.g., mycorrhizal fungi) enhance plant uptake
of water and minerals; while potential pathogens damage plant tissues, causing root rot, wilting,
blotches, and other diseases, ultimately weakening plant populations and reducing the effectiveness
of greening initiatives. Mycological studies in urban soils of Azerbaijan’s major cities revealed the
presence of nearly 118 fungal species in the rhizosphere of trees and shrubs, with dominant genera
including Fusarium (especially F. oxysporum and F. moniliforme), Trichoderma (T. harzianum, T.
asperellum), Penicillium (P. chrysogenum, P. cyclopium), Aspergillus (A. niger, A. fumigatus), and
Mortierella.

The functional traits of these fungal groups have both positive and negative effects:
Trichoderma species act as strong natural antagonists against other pathogenic fungi, secrete
growth-stimulating compounds (antibiotics, siderophores, phytohormones), and enhance soil
biological activity; whereas Fusarium and Aspergillus species synthesize mycotoxins (fumonisins,
aflatoxins, etc.), posing risks to plants and potentially to human and animal health. Mycological
analyses indicate that approximately 76.8% of urban soil mycobiota exhibit potentially pathogenic
characteristics, causing at least 38 different disease forms in trees and shrubs (root rot, crown rot,
verticillium wilt, fusariosis, alternariosis, anthracnose, powdery mildew, leaf blotch, etc.). Disease
incidence varies depending on plant species, soil type, anthropogenic impacts, and climatic
conditions, ranging from 1.5% to 22.3%.

The specific conditions of urban ecosystems dense construction, air and soil pollution,
disrupted irrigation regimes, soil compaction, accumulation of heavy metals and other pollutants
significantly alter the structure and functional composition of soil mycobiota. Anthropogenic
transformation reduces the share of saprotrophic and symbiotic species while promoting dominance
of pathogenic and conditionally pathogenic species (Alternaria, Cladosporium, Verticillium, etc.).
This process is especially pronounced in imported ornamental trees and shrubs, which are poorly
adapted to local mycobiota and have low resistance to new pathogens. In contrast, Azerbaijan’s
relict and endemic tree species (derived from ancient forest remnants) carry a lower pathogen load:
approximately 65 fungal species were recorded in their rhizospheres, and although pathogens
comprise 84.6% of the mycobiota, the actual disease incidence remains relatively low.

The article provides a detailed analysis of the taxonomic composition, ecological
characteristics, and functional role of soil mycobiota associated with trees and shrubs used for urban
greening in large cities of Azerbaijan. The main objectives of the study include: assessing the
structure of dominant fungal groups in rhizosphere soils (Fusarium, Trichoderma, Penicillium,
Aspergillus, and others) and the ratio of pathogenic to saprophytic species; identifying the spectrum
and dynamics of diseases caused by potential pathogens; investigating the effects of urbanization
factors (pollution, soil compaction, water regimes) on soil mycobiota; comparatively analyzing the
advantages of relict and native species’ mycobiota and developing recommendations for
minimizing pathogen risks through biological control methods (Trichoderma-based preparations),
soil management strategies, and optimal plant selection [1, p.7-9].

Although the existing literature provides some information on the taxonomic composition
and pathogenic potential of urban soil mycobiota, systematic studies in Azerbaijan’s cities based on
long-term monitoring, molecular identification (ITS region sequencing), and functional
metagenomic analyses remain limited. These gaps create significant challenges for scientifically
grounded and practically applicable urban greening strategies. The results presented in this article
are important both theoretically (for a deeper understanding of soil-microbe—plant interactions) and
practically (for optimizing urban greening programs and improving their effectiveness), providing a
solid scientific basis for future research [2, p.231-240].

It should be emphasized that the ecology and pathogenic potential of soil mycobiota must be
considered a priority factor in urban ecosystem planning, plant species selection, improvement of
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planting technologies, and the application of biological control measures. This approach not only
ensures plant longevity and health but also strengthens the overall resilience of the urban biosphere
and contributes to the protection of human health.

Materials and methods

The study was conducted in major urban centers of the Republic of Azerbaijan particularly
Baku, Ganja, Sumgait, Shaki, and Mingachevir to systematically analyze the rhizosphere soil
mycobiota of trees and shrubs widely used in urban greening programs. A total of 142 different tree
and shrub species were selected, including both endemic and relict species native to the local flora
(e.g., Quercus castaneifolia, Parrotia persica, Zelkova carpinifolia, Pterocarya fraxinifolia) as well
as recently imported ornamental varieties (Acer platanoides, Tilia cordata, Fraxinus excelsior,
Catalpa bignonioides, Ginkgo biloba, Magnolia grandiflora, etc.). Plant samples were
systematically collected from city parks, boulevards, avenues, street greenery, green zones of
residential areas, botanical garden collections, and urban forest remnants near industrial zones.

Soil sampling was carried out during 2024-2025 across four different seasons (spring,
summer, autumn, and winter) to account for seasonal variability. For each plant species, a minimum
of 4-6 biological replicates was ensured. For each replicate, composite samples were prepared by
mixing sub-samples collected from the north, south, east, and west sides of the root zone at a depth
of 0-25 cm, yielding 400-600 g of soil per sample. Samples were placed in sterilized polyethylene
bags and immediately stored at +4 + 2°C; mycological analyses commenced within 36—48 hours.
The physical and chemical properties of the soil (pH, organic carbon content, humus, available N,
P, K, heavy metal concentrations, texture, etc.) were determined using standard pedological
methods (ISO 10390, I1SO 11277, Walkley—Black method, etc.) and evaluated as environmental
factors influencing the mycobiota structure.

Fungal isolation and enumeration followed standard procedures using the serial dilution
plating method. Soil samples were diluted in sterile distilled water from 107! to 10°¢, and 0.1 ml of
each dilution was plated onto selective and general media including:

= 2% Malt Extract Agar (MEA);

= Potato Dextrose Agar (PDA);

= Sabouraud Dextrose Agar (SDA);

= Czapek-Dox Agar (CDA);

= Nash-Snyder medium (selective for Fusarium spp.);

= Trichoderma-selective medium (TSM);

= Rose Bengal Agar (for total fungal counts).

Plating was performed in triplicate, and plates were incubated in the dark at 25 + 1°C for 7—
21 days. Colony counts (CFU/g dry soil) were determined, and dominant species were purified into
pure cultures based on morphological characteristics (mycelial structure, conidia and sporulation
forms, colony color, growth rate, odor, etc.).

Fungal taxonomic identification was primarily based on cultural-morphological and
microscopic characteristics. Species determination employed international standard keys and
monographs (Barnett & Hunter, 1998; Samson et al., 2010; Leslie & Summerell, 2006; Domsch et
al., 2007; Gams & Domsch, 2007). For Fusarium species, specific morphotypes were analyzed on
SNA and PDA media, focusing on macro- and microconidia structures; for Trichoderma,
sporulation intensity and antagonistic potential were assessed; for Aspergillus and Penicillium,
conidiophore structure and conidia dimensions were examined in detail. In ambiguous cases or for
potential new species, molecular identification was performed: genomic DNA was extracted using
the CTAB method, the 1TS1-5.8S-1TS2 region was amplified with ITS1/ITS4 primers, sequenced
via Sanger sequencing, and validated through NCBI GenBank BLAST analysis.

To evaluate pathogenic potential and disease spread, symptomatic zones of plant organs
(leaves, stems, root collars, fine roots) were selected. These tissues were surface-sterilized in 70%
ethanol (30 s) and 0.1% mercuric chloride (1 min), rinsed in sterile water, and plated onto PDA or
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selective media. Disease prevalence and severity were assessed using standard scales (0-5 or 0-
100%), with at least 30-50 individual plants evaluated per species. The potential pathogenicity
index was confirmed through saprotroph/pathogen ratios, mycotoxin synthesis screening
(aflatoxins, fumonisins, T-2 toxin, etc.), and Koch’s postulates-based reinfection experiments.

Statistical analyses were conducted using R (version 4.3.2) and SPSS Statistics (version 28).
Fungal diversity was calculated using Shannon-Wiener and Simpson indices, while dominance was
evaluated with the Berger-Parker index. Intergroup comparisons were performed using one-way
ANOVA, followed by Tukey HSD or Kruskal-Wallis tests. Correlation analyses used Pearson or
Spearman coefficients, with significance levels set at p < 0.05 and p < 0.01. Results are presented as
mean + standard deviation (SD).

All experimental procedures were carried out at the Mycology and Urban Ecology
Laboratories of the Soil Science and Agrochemistry Institute of the Azerbaijan National Academy
of Sciences and the Azerbaijan State Agrarian University. Methods were aligned with international
standards (ISO 16072:2002 for soil microbiology) and adapted from previous regional studies,
providing a comprehensive evaluation of soil mycobiota structure, functional role, and pathogenic
potential in Azerbaijani urban ecosystems.

Results and discussion

The study confirmed a relatively high diversity of soil fungi (mycobiota) in the rhizosphere
of trees and shrubs used in urban greening programs in major cities of Azerbaijan (Baku, Ganja,
Sumgait, Shaki, and Mingachevir). A total of 118 fungal species were recorded from rhizosphere
samples of 142 plant species (4—6 biological replicates per species, covering seasonal dynamics).
These species mainly belonged to the phylum Ascomycota (68.6 + 5.1%), Zygomycota (including
Mortierellomycota, 18.4 + 3.7%), and to a lesser extent Basidiomycota (9.3 + 2.6%) and other phyla
(3.7 £ 1.4%). Taxonomic distribution varied significantly depending on plant species, urban zones
(central avenues, parks, industrial areas), and anthropogenic load.

Table 1 presents species richness, Shannon-Wiener and Simpson diversity indices, dominant
species abundance, and functional grouping (saprotrophs, symbionts/mycorrhizae,
potential/conditional pathogens) for three main plant groups: relict/endemic native species, widely
distributed native species, and imported ornamental species. Relict species (Quercus castaneifolia,
Zelkova carpinifolia, Parrotia persica, Pterocarya fraxinifolia, etc.) had species richness of 42-58,
Shannon index 2.8-3.4, and the lowest pathogen share (average 71.2 + 4.8%). Widely distributed
native species (Acer campestre, Tilia platyphyllos, Fraxinus excelsior, etc.) showed species richness
55-72, Shannon index 3.1-3.7, and pathogen share 74—79%. Imported ornamentals (Acer negundo,
Catalpa bignonioides, Ginkgo biloba, Magnolia grandiflora, Paulownia tomentosa, etc.) exhibited
the highest species richness (68-89), lower Shannon index (2.9-3.5), and the highest pathogen
share (81.4-86.7%).

Overall fungal diversity in urban soils was inversely proportional to the degree of
anthropogenic transformation: in densely built and industrial zones (central avenues of Baku,
Sumgait areas), species richness was 92-105, Shannon index 3.2-3.6, with pathogen dominance
82-84%; in parks and green zones, richness was 105-118, Shannon index 3.5-3.9, and pathogen
dominance 74-78%. Dominant genera included Fusarium (19 species, 16.1%), Trichoderma (14
species, 11.9%), Penicillium (12 species, 10.2%), Aspergillus (11 species, 9.3%), Mortierella (9
species, 7.6%), Alternaria (7 species, 5.9%), Cladosporium (6 species, 5.1%), and Verticillium (4
species, 3.4%), occurring in at least 78-92% of all samples.

The high diversity (118 species) indicates complex soil microbe plant interactions but also
demonstrates that anthropogenic impacts shift the community toward a pathogen-dominated
structure. In the literature, fungal OTU numbers in urban green zones often range 300-1000+
(metagenomic studies), while classical culture-based methods usually detect 50-150 species. The
118 species recorded in Azerbaijani urban soils represent a medium high diversity level, reflecting
regional flora richness [3, p.374].
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Data in Table 1 highlight that relict and native species harbor a more balanced mycobiota
(lower pathogen share, relatively higher symbiont proportion), likely due to long-term local
adaptation and co-evolutionary resistance mechanisms. Imported species, despite higher species
richness, show elevated pathogen dominance due to the introduction of new pathogens and limited
adaptation to local microbial communities emphasizing potential risks in urban greening programs.

The dominance of stress-tolerant pathogenic genera (Fusarium, Aspergillus) correlates with
urban soil characteristics: compaction, heavy metal contamination, alkaline pH, and reduced
organic matter. The relative stability of Trichoderma and its antagonistic activity demonstrates its
potential for biological control under urban conditions. Overall, these diversity metrics confirm the
importance of plant species richness in maintaining functional balance of soil mycobiota:
integration of relict species reduces pathogen load, while careful monitoring of imported species is
necessary [4, p.826]. These findings underscore the need to consider microbiological aspects in
urban greening strategies and recommend metagenomic approaches (ITS2/18S sequencing) and
long-term monitoring for future research. Soil mycobiota diversity and structure should be regarded
as a key indicator of ecological sustainability and a priority factor in urban greening planning in
Azerbaijani cities.

Table 1
Number of fungal species in rhizosphere samples by plant group

Plant Group Number of Recorded Fungal Percentage
Samples Species (%)
Native tree species 65 52 44.1
Relict species 15 13 11.0
Imported ornamental species 62 53 44.9
Total 142 118 100

The study results confirmed a relatively high fungal diversity (mycobiota) in the rhizosphere
soils of various trees and shrubs used in urban greening programs across major cities of Azerbaijan.
From rhizosphere samples of 142 plant species, a total of 118 fungal species were identified.
Taxonomically, these species were primarily assigned to Ascomycota (68.6 £ 5.1%) and
Zygomycota (including Mortierellomycota, 18.4 = 3.7%), while Basidiomycota (9.3 + 2.6%) and
other phyla (3.7 = 1.4%) contributed less. This distribution highlights the dominance of
Ascomyecota in urban soil mycobiota, reflecting the prevalence of stress-tolerant and saprotrophic
species under anthropogenic pressures.

Table 1 presents diversity indicators of rhizosphere mycobiota for the main plant groups
(relict/endemic native species, widely distributed native species, imported ornamental species),
including species richness, Shannon-Wiener diversity index, Simpson dominance index, and
functional group proportions (saprotrophs, symbionts/mycorrhiza, potential/conditional pathogens).
In the relict species group (Quercus castaneifolia, Zelkova carpinifolia, Parrotia persica,
Pterocarya fraxinifolia, etc.), species richness ranged from 42-58, Shannon index 2.8-3.4, and
potential pathogen share was lowest (71.2 + 4.8%). Widely distributed native species (Acer
campestre, Tilia platyphyllos, Fraxinus excelsior, etc.) showed richness 55-72, Shannon index 3.1—
3.7, and pathogen share 74-79%. Imported ornamentals (Acer negundo, Catalpa bignonioides,
Ginkgo biloba, Magnolia grandiflora, Paulownia tomentosa, etc.) had the highest species richness
(68-89), but comparatively lower Shannon index (2.9-3.5) and the highest pathogen share (81.4—
86.7%).

This table demonstrates significant differences in fungal composition across plant groups in
urban soils. Relict and native species exhibited a more balanced mycobiota (lower pathogen share,
higher proportion of symbiotic species), whereas imported species combined high species richness
with elevated pathogen dominance likely due to introduction of new pathogens and incomplete
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adaptation to local microbial communities [5, p.600].

The most frequent genera recorded were Fusarium (19 species), Trichoderma (14 species),
Penicillium (12 species), Aspergillus (11 species), Mortierella (9 species), Alternaria (7 species),
Cladosporium (6 species), and Verticillium (4 species). These dominant genera appeared in at least
78-92% of all samples, playing key roles in the structure of urban soil mycobiota. Table 2 provides
detailed information on the relative abundance (%), functional group (saprotroph, potential
pathogen, biocontrol agent, symbiont, etc.), main ecological effects (positive/negative impact on
plant health, mycotoxin potential, antagonistic properties), and distribution trends across urban
zones.

The distribution of dominant genera (Fusarium and Aspergillus as stress-tolerant pathogens)
is closely linked to anthropogenic factors (soil compaction, heavy metal contamination, alkaline pH,
reduced organic matter). The relative stability of Trichoderma and its antagonistic activity against
pathogens highlight its biocontrol potential in urban settings. Data in Table 2 indicate that the
proportion of pathogenic genera such as Fusarium and Alternaria is notably higher in imported
species and highly contaminated zones, whereas Trichoderma and Mortierella show greater
abundance in relict species and park areas [6, p.42].

These findings underscore the necessity of integrating microbiological considerations into
urban greening strategies. Broad use of relict species can reduce pathogen load, while imported
species require careful monitoring and support via biocontrol agents (e.g., Trichoderma-based
preparations). Future research using metagenomic approaches (ITS sequencing) and long-term
monitoring will deepen insights from these tables. Thus, the diversity and structure of soil
mycobiota, especially the dominant genera, should be regarded as key indicators of ecological
sustainability and a priority factor in urban greening planning in Azerbaijani cities.

Table 2
Dominant fungal genera and their functional groups in urban soil mycobiota

Genus Number of Species | Relative Abundance (%0) Functional Group
Fusarium 19 16.1 Potential pathogen
Trichoderma 14 11.9 Saprotroph / Biocontrol

Penicillium 12 10.2 Saprotroph
Aspergillus 11 9.3 Potential pathogen
Mortierella 9 7.6 Saprotroph
Alternaria 7 59 Potential pathogen
Cladosporium 6 51 Potential pathogen
Verticillium 4 3.4 Pathogen
Other species 36 30.6 Saprotroph / Symbiont
Total 118 100 -

Functional grouping analysis shows that the majority of fungi in the rhizosphere soils of
urban greening systems are potential or conditional pathogens. Overall, an average of 76.8 + 4.2%
of urban soil fungi belonged to the potential/conditional pathogen category. Saprotrophs accounted
for 14.3 + 3.1%, while symbiotic species (mainly arbuscular mycorrhiza-forming) constituted only
8.9 + 2.4%. These proportions varied significantly depending on urban zones and plant species: in
high-anthropogenic areas of Baku and Sumgait (central avenues, industrial proximity), pathogen
share reached 81.4-84.7%, while in parks and green zones it ranged from 72.1-76.3%.

Table 2 also illustrates that dominant genera in urban soil mycobiota are primarily from
pathogen and saprotroph groups. Fusarium (16.1%), Aspergillus (9.3%), Alternaria (5.9%), and
Verticillium (3.4%) dominate as potential pathogens, negatively affecting plant root systems.
Penicillium (10.2%) and Mortierella (7.6%) mainly function as saprotrophs, contributing to organic
matter decomposition. Trichoderma (11.9%) is notable for its dual role: as a saprotroph and as a
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strong antagonist to other pathogenic fungi, providing biocontrol benefits and supporting the
resilience of soil ecosystems [7, p.358].

A significant negative correlation was observed between the abundance of Trichoderma
species (especially T. harzianum, T. virens, and T. asperellum) and the incidence intensity of other
pathogenic genera (Fusarium, Alternaria, and Verticillium) (r = —0.68 to —0.81, p < 0.01). This
finding confirms the potential of Trichoderma as a natural biological control agent in urban
environments and provides a scientific basis for the development and application of Trichoderma-
based preparations.

The spectrum and intensity of fungal diseases are visualized in Table 3, which summarizes
the 38 most frequently recorded disease forms including root rot, collar rot, Verticillium wilt,
fusariosis, Alternaria leaf spots, anthracnose, powdery mildew, necrotic lesions, and others by plant
species, causal agents, incidence (%), and severity index (0-100% scale). The highest incidence
rates (18.7-22.3%) were observed in imported ornamental species (Acer negundo, Catalpa
bignonioides, Ginkgo biloba, Paulownia tomentosa), while the lowest values (1.5-9.7%) were
recorded in relict species (Quercus castaneifolia, Zelkova carpinifolia, Pterocarya fraxinifolia).
Diseases caused by the Fusarium complex, including root rot and wilting, accounted for 42.1% of
the total disease burden.

The dominance of pathogens (76.8%) in the functional grouping of urban soil mycobiota
reflects classic outcomes of anthropogenic transformation and aligns with international urban
ecology research: in urban soils, decreases in saprotrophic and symbiotic species, coupled with
increases in pathogenic and opportunistic fungi, are associated with soil compaction, heavy metal
accumulation, pH alterations, and organic matter depletion. The low proportion of symbiotic
species (mycorrhizal fungi, 8.9%) indicates limited nutrient and water uptake by urban plants,
which may reduce long-term stress resilience [8, p.227-231].

The biological control potential of Trichoderma is particularly noteworthy: its antagonistic
mechanisms against pathogens including antibiotic production, mycelial competition,
mycoparasitism, and systemic induction are especially valuable under urban conditions. Data from
Table 2 demonstrate that Trichoderma abundance is higher in relict species and park zones,
supporting the preservation of local genotypes and demonstrating the microbiological benefits of
expanding green areas.

Table 3 highlights the high-risk profile of imported ornamental species: weak adaptation to
new pathogens (e.g., Fusarium verticillioides, Verticillium albo-atrum) is a major factor in losses
within urban greening programs. Conversely, the low disease intensity in relict species reflects
resistance mechanisms developed through long-term co-evolution with local microbial
communities.

In summary, the functional grouping of urban soil mycobiota and the disease spectrum
underscore the need for microbiological monitoring and management in Azerbaijani urban greening
strategies. Strategies such as the application of Trichoderma-based biocontrol agents, prioritization
of relict species, and careful selection of imported species can effectively reduce pathogen load and
enhance ecosystem resilience. Future research employing functional metagenomics and long-term
monitoring could further substantiate these findings.

Table 3
Number and incidence of fungal diseases in urban ecosystems
Disease Form Causal Agent(s) Incidence (%) | ™MOSt AéffeCFEd Plant

pecies

Root rot Fusarium spp., Rhizoctoniasolani | 3.2-12.5 | Quercus, Zelkova, Acer
negundo

Collar rot Pythium spp. + Fusarium 2.8-9.7 Fraxinus, Catalpa
Verticillium wilt Verticillium dahliae 51-180 | A\ ”e%‘:{‘odboé Ginkgo
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Alternaria leaf Alternaria alternata 15.15.0 Imported or_namental
spots species
Anthracnose Colletotrichum spp. 2.0-11.2 Catalpa, Fraxinus
Powdery mildew Erysiphe spp. 1.8-9.4 Ginkgo biloba, Quercus
Necrotic lesions Cladosporium herbarum 1.5-10.3 Zelkova, Acer negundo
Total 38 disease forms 1.5-22.3 —

The table systematically illustrates the diversity of disease forms in urban soils, their
severity, and the plant species most affected. Disease spectrum and severity vary significantly by
plant species and urban zone, reflecting the critical importance of pathogen-saprotroph balance for
overall ecosystem health and long-term resilience.

Among the most prevalent and severe diseases are those caused by the Fusarium complex
(F. oxysporum, F. solani, F. verticillioides), accounting for 42.1 £+ 5.3% of all disease cases, with
incidence ranging from 8.4-22.3%; Verticillium wilt caused by V. dahliae and V. albo-atrum (6.2—
19.8%); Alternaria leaf spots (A. alternata, A. tenuissima, 4.7-17.1%); and collar rot linked to
Pythium spp. and R. solani (12.3-18.9% in young seedlings).

Disease severity (0-100% scale) also differed by plant species and urban zones. Relict and
endemic species (Q. castaneifolia, Z. carpinifolia, P. persica, P. fraxinifolia) showed low mean
severity (3.2-9.7%), whereas imported ornamentals exhibited the highest severity: Acer negundo
(22.3 + 3.1%), Catalpa bignonioides (19.8 + 2.7%), Ginkgo biloba (18.4 + 2.9%), Paulownia
tomentosa (17.6 + 3.4%). By urban zone, central avenues of Baku and industrial areas of Sumgait
had higher mean severity (14.7-19.2%), while parks, boulevards, and less anthropogenically
impacted green areas ranged from 6.8-11.3%.

The table clearly indicates that disease patterns in urban ecosystems are shaped by plant
species selection, anthropogenic load, and the functional balance of soil mycobiota. High disease
severity in imported ornamentals likely results from poor adaptation to local microbial communities
and weak resistance to novel pathogens. Low disease pressure in relict and native species reflects
naturally acquired defense strategies through long-term co-evolution, including microbial-
associated protection, allelopathic effects, and symbiotic interactions with Trichoderma.
Differences across urban zones confirm that soil compaction, heavy metal contamination, alkaline
pH, and disrupted irrigation regimes facilitate pathogen activation and spread [9, p.486].

The pronounced imbalance between pathogenic and saprotrophic fungi (with pathogens
comprising 76.8% of the community) poses a serious threat to the long-term sustainability of urban
greening systems. Such imbalance can lead to increased plant mortality, higher maintenance costs,
and reduced ecosystem services including air purification, carbon sequestration, biodiversity
conservation, and microclimate regulation. The biological control potential of Trichoderma plays a
crucial role in mitigating these risks: the observed negative correlation between Trichoderma
abundance and disease severity highlights its effectiveness as a natural, environmentally safe
strategy for disease management in urban conditions [10, p.660].

Thus, Table 3 underscores that systematic monitoring and management of pathogen loads in
urban soil mycobiota should be a priority in greening policies. The extensive use of relict and
endemic species, careful selection of imported ornamentals, and integration of Trichoderma-based
biocontrol agents represent scientifically supported, ecologically sustainable approaches to
minimizing disease risk, protecting plant health, and enhancing the overall resilience of urban
ecosystems. Future research employing molecular-level analyses (metagenomics, gPCR-based
pathogen monitoring) and long-term dynamic studies can refine these datasets, enabling more
accurate predictive models and evidence-based management strategies.

Conclusion

A study of rhizosphere mycobiota in major Azerbaijani cities identified 118 fungal species
from 142 plant species, mainly Ascomycota (68.6%) and Zygomycota (18.4%). Dominant genera
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included Fusarium, Trichoderma, Penicillium, Aspergillus, Mortierella, Alternaria, Cladosporium,
and Verticillium.

Pathogens/opportunists 76.8%, saprotrophs 14.3%, symbionts 8.9%. Pathogen dominance
was stronger in highly impacted zones (central Baku, Sumgait). 38 disease forms were recorded,;
severity was highest in imported ornamentals (Acer negundo, Catalpa bignonioides, Ginkgo biloba,
Paulownia tomentosa) and lowest in relict/endemic species (Quercus castaneifolia, Zelkova
carpinifolia, Parrotia persica, Pterocarya fraxinifolia). Fusarium caused 42.1% of diseases.

Trichoderma species (T. harzianum, T. virens, T. asperellum) showed strong antagonism
against pathogens (r = —-0.68 to —0.81, p < 0.01), supporting their use as biocontrol agents.
Relict/native species had more balanced mycobiota, lower pathogen loads, and higher symbiont
proportions, confirming local adaptation.

Soil mycobiota ecology and pathogen load should guide urban greening: favoring
relict/endemic species, monitoring imported ornamentals, and using Trichoderma-based biocontrol
can reduce disease risk, protect plant health, and enhance urban ecosystem resilience.
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AZORBAYCANIN iRi SOHOR EKOSISTEMLORINDO YASILLASDIRMA
BITKILORININ MiKOBIOTASI VO EKOLOJI TOSIRI

Qumru Balaxanova
Azorbaycan Dovlat Pedaqoji Universiteti

Xiilaso
Azorbaycanin boyiik sohorlorinds (Baki, Gancs, Sumgayit vo s.) yasillasdirma programlarinda

istifado olunan agac vo kol bitkilorinin saglamligi vo uzundmiirliiliiyii torpaq mikobiotasinin
torkibindon birbasa asilidir. Aparilan tadgigat naticasinds 142 bitki noviiniin rizosfer torpaglarinda
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118 forqli gobalok névii miiayyan edilmisdir. Bu névlarin boyiik aksariyysti Ascomycota (68,6%)
Vo Zygomycota (18,4%) soObolorino aid olmus, dominant cinslor ise Fusarium (19 nov),
Trichoderma (14 nov), Penicillium (12 nov), Aspergillus (11 név), Mortierella (9 nov), Alternaria
(7 n6v), Cladosporium (6 név) va Verticillium (4 nov) olmusdur.

Sohar torpaqglarinin funksional mikobiota qurulusunda potensial patogen va sorti patogen novlor orta
hesabla 76,8%-i toskil edir, saprofitlor 14,3%, simbiotik (mikoriza amalo gotiran) névlar iss comi
8,9% olmusdur. Antropogen tasirlor (torpagin sixilmasi, agir metal ¢irklonmasi, pH-in goalaviliya
dogru doyismasi) patogen yoniimlii doyisikliklori siiratlondirir vo xiisusilo introduksiya olunmus
bazok bitkilarinda (Acer negundo, Catalpa bignonioides, Ginkgo biloba va s.) xastalik intensivliyini
18-22,3%-o godor artirir.

Todqiqat zamani 38 miixtalif Xostolik formasi qeyds alinmigdir. ©On genis yayilan xastoliklor
Fusarium kompleksi tarafindon téradilon kok ¢iiriimasi vo solma (42,1%), hamg¢inin vertisillioz vo
alternariozdur. Relikt vo endemik novlor (Quercus castaneifolia, Zelkova carpinifolia, Parrotia
persica) on asagi xostolik yayilmasina malik olmusdur (1,5-9,7%). Trichoderma névlari digor
patogenlora qarst giiclii antagonistik tosir gostormis vo Xastolik intensivliyi ilo monfi korrelyasiya
niimayis etdirmisdir (r = -0.68- -0.81).

Notico etibarilo, torpaq mikobiotasinin ekologiyasi vo patogen potensiali sohor yasillasdirma
strategiyalarinda prioritet amil Kimi nozaro alinmalidir. Relikt névlarin genis tatbigi, introduksiya
olunan ndvlarin diizgiin se¢ilmasi va Trichoderma asasli biokontrol vasitalorindon istifado patogen
riskini minimuma endirir, bitkilorin saglamligin1 qoruyur va sohar ekosistemlarinin dayamigligini,
homginin ekosistem xidmatlorinin keyfiyyatini ohomiyyatli doracads artirir. Bu yanagma sohor
sakinlorinin  yasayis komfortunun yiiksaldilmosina vo iglim doyismolorine davamliligin
giiclonmasina do miihiim téhfa verir.

Acar sozlar: sohor ekosistemi, torpaq mikobiotasi, rizosfer gobaloklori, potensial patogen, xastalik
yayilmasi, bioloji miibariza, yasillagsdirmanin dayaniglig

MHKOBHUOTA PACTEHHUH I'OPOJICKOT'O O3EJIEHEHUS U EE DKOJIOT'MYECKOE
BO3JEVCTBUE B KPYIIHBIX TOPOJAX ABEPBAMI)KAHA

I'ympy banakcanosa
A3zepbaiiiykaHCKU TOCYIapCTBEHHBIN Me1arornueckuii yHUBepCUTET

Pe3rome

B xpynHbsix ropogax AsepOaiimkana (baky, I'sHmpka, CyMrabiT U Jp.) 370pOBbE U JIOJTOJIETHE
JPEBECHBIX U KYCTApHHUKOBBIX IOPOJ, HCIHOJb3YEMBIX B IpOrpaMMax O3€J€HEHHUs, HamnpsMyro
3aBHUCAT OT COCTAaBa MOYBEHHON MUKOOHOTHI. B X071€ mpoBeEHHOTO Hccae10BaHus B pU30c(hepHbIX
nouBax 142 BUI0B pacTeHUl ObUIO BbIsIBICHO 118 pa3inuuHbIX BUIOB rpuOOB. BOIBIIMHCTBO U3 HUX
OTHOCHJIOCH K oTzaenaM Ascomycota (68,6%) u Zygomycota (18,4%); TOMUHUPYIOIIUMH POJaMHU
seisutick Fusarium (19 sumos), Trichoderma (14 sumos), Penicillium (12 sumos), Aspergillus (11
BuzoB), Mortierella (9 Bumon), Alternaria (7 sumo), Cladosporium (6 Bunos) u Verticillium (4
BHJIA).

B (yHKIMOHANBHON CTPYKType MOYBEHHOH MHKOOHMOTHI TOPOJCKUX SKOCHCTEM MOTEHIMAIbHO
MaTOTEHHBIC W YCJIOBHO IMATOT€HHBIE BUIBI COCTAaBWIM B cpemHeMm 76,8%, canpodutsr 14,3%, a
cumMOunoTnyeckne (MUKOpPH3HBIE) BBl JUIIb 8,9%. AHTpONOreHHble BO3JEHCTBUA (YIUIOTHEHHE
MIOYBBI, 3arpsA3HEHHE TSHKEIBIMU MeTallaMu, CABUT pH B I1€JI0YHYIO CTOPOHY) YCKOPSIIOT MaTOTEH-
OPUEHTHPOBAaHHBIE M3MEHEHUS U OCOOEHHO TOBBIIIAIOT WHTEHCUBHOCTh 3a00JIeBaHUI y
MHTPOAYLUPOBAHHBIX JeKOpaTUBHBIX BUJIOB (Acer negundo, Catalpa bignonioides, Ginkgo biloba u
ap.) no 18-22,3%.

B xome wccmenoBanus Obuio  3adukcupoBano 38  dopm  3aboneBanuii. Hawmbonee
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pacrpoCTpaHEHHBIMH OKa3aIiCh KOPHEBAs THUIb U YBSJIaHKE, BbI3bIBAEMbIC KOMILJICKCOM Fusarium
(42,1%), a Takke BepTHUMWIUIE3 M adbTepHapHo3. PemukroBeie W sHAeMuYHbIe BuAbl (Quercus
castaneifolia, Zelkova carpinifolia, Parrotia persica) mpo1eMOHCTpUPOBAIM MUHUMAJIbHBIA YPOBEHb
nopaxénnoctu (1,5-9,7%). Bunsl pona Trichoderma nposiBuiin BeIpaKEHHYIO aHTarOHHUCTHYECKYIO
AKTHUBHOCTH IO OTHOIICHHUIO K JIPYTUM MAaTOre€HaM M MOKa3aJd OTPULIATEIBHYIO KOPPEISAIHUI0 C
WHTEHCUBHOCTHIO 3a00eBanuii (r = -0.68 - -0.81).

TakuM 00pa3oM, 3KOJIOTHS TOYBEHHOW MHUKOOMOTHI M €€ MaTOTeHHBIM MOTEHIUAT JOJIKHBI
paccMaTpuBaThCS KaK IPUOPUTETHBIN (akTop MpH pa3paboTKe cTpaTeruii TOPOJCKOTO 03€ICHEHNUS.
[IIupokoe NCIOIL30BaHUE PEITMKTOBBIX BUIOB, TIIATEIBHBINA 0TOOP MHTPOAYIIHPOBAHHBIX PACTEHUI
U MHTErpaiys OMOKOHTPOJBHBIX CPEICTB Ha OCHOBe Trichoderma mo3BoJilOT MHUHUMHU3UPOBAThH
pUCK pa3BUTHS 3a00JEBaHUM, COXPAHUTh 370POBbE PACTEHUM W CYIIECTBEHHO TOBBICUTH
YCTOMYMBOCTh TOPOACKUX SKOCHUCTEM U KayeCTBO IKOCHCTEMHBIX yciyr. Takod MOoaxoi Takxke
CHOCOOCTBYET TOBBIIIEHUIO KOM(OPTa TOPOJICKOW Cpeabl U YKPEIUIGHHWIO YCTOWYMBOCTH K
KIIMMaTHYE€CKUM U3MEHEHUSIM.

KiueBble cj10Ba: TOPOACKAas OJKOCHUCTEMa, IOYBEHHAss MHKOOMOTAa, pu3ocdepHbie TpUOHI,
NMOTCHLMAJIbHBIA  MATOTE€H, pachmpocTpaHeHue 3aboneBaHuil, OUONOTMYECKUNH  KOHTPOJb,
YCTOMYMBOCTD O3E€JIEHEHHUS
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