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Abstract. The ontogenetic and bioecological evaluation of senescent populations of rare and
endangered plant species in the Republic is of significant importance for the conservation of wild
flora. This article is dedicated to an in-depth examination of the bioecology of Juniperus foetidissima
Willd. This particular species is noteworthy, as it has been included in the Red Book of Azerbaijan
due to its threatened status.

The study encompasses various aspects of the species’ life cycle, habitat requirements, reproductive
patterns, and interactions with the surrounding ecosystem. By understanding these factors, we
aim to promote effective conservation strategies and raise awareness about the importance of
protecting this rare species in its native environment. Additionally, this research could provide
insights that are applicable to other endangered species within the region, ensuring a broader
impact on biodiversity conservation efforts. The Juniperus foetidissima Willd. is an important part
of the arid sparse forests in Azerbaijan, characterized by their unique dual nature. Some groups of
plants in these forests rely on the essential qualities of the tree layer, while others form independent
associations.

Key words: Juniperus foetidissima Willd, cenopopulation, wild flora, ontogenetic spectrum, climate

change

Introduction

The Juniperus foetidissima Willd. serves as a
crucial component of the arid sparse forests in
Azerbaijan, which are defined by their distinct
dual nature. Certain plant groups in these for-
ests depend on the vital properties of the tree
layer, while others exist as independent associ-
ations. A significant characteristic of the plant
communities formed by Juniperus foetidissima
Willd. is their low crown coverage, which con-
sistently measures at a minimum of 0.3. It is
essential to recognize that this value fluctuates
based on variables such as plant species, stages
of succession, and biological age. Furthermore,
the incomplete mutual coverage of the crowns
actively influences coenogenetic processes,
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shaping the composition of plant communi-
ties and the ecological conditions of the lower
layers.

The complete life cycle of plants undeniably
includes all stages of development, beginning
with fertilization, and it is divided into four dis-
tinct periods:

Latent Period: This critical phase follows
fertilization, during which the seed is formed,
and its morphological characteristics are es-
tablished. Research on the latent periods of
various plants clearly demonstrates that, after
fertilization, the embryo develops alongside
other structural elements that are vital for seed
formation. Among these elements is the en-
dosperm, a multicellular tissue that serves as
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a nutrient reservoir essential for the embryo’s
growth. In Juniperus species, the endosperm is
predominantly peripheral, while the embryo is
positioned centrally. Furthermore, it is import-
ant to note that juniper species exhibit multi-
lobed structures based on the number of coty-
ledons they possess.

1. Virginal Period: This stage includes the
growth and development changes in plants
as they age, encompassing cones, juveniles,
and young plants. In other words, it includes
the period leading up to seed formation.

2. Reproductive Period: This phase includes
the generative stage of young, middle-aged,
and old plants. It consists of three stages:

a. The plant has cones that do not pro-
duce seeds.

b. The plant has cones that do not pro-
duce fully viable seeds.

c. The plant produces fully viable seeds.

3. Senile Period: This period involves the
changes that occur during the later years of
a plant’s life.

The ecological monitoring and assessment
of cenopopulations of rare and endangered
species play a vital role in the enrichment and

protection of wild flora. With this in mind, we
directed our efforts toward a detailed evalua-
tion of the cenopopulations of Juniperus foe-
tidissima Willd., a species recognized in the Red
Book of Azerbaijan for its conservation impor-
tance (Gurbanov et al., 2017; Rzayeva, 2021).

In our study, we meticulously documented
the key botanical and ecological characteris-
tics of the cenopopulations. These findings are
comprehensively detailed in the accompanying
table, which outlines the altitudes at which the
juniper populations are found, their degree of
isolation, the diverse soil types present in the
regions, the associated plant communities, and
the overall percentage of vegetation cover. Our
assessment aims to contribute to effective con-
servation strategies for this endangered species
and its unique habitats.

The first CP1 cenopopulation was observed
in the Nakhchivanchay basin at an altitude of
600 to 1,000 meters above sea level. The region
receives annual rainfall of 250 to 300 mm and
is primarily covered by semi-desert and desert
vegetation. This cenopopulation is highly iso-
lated, and the vegetation density in the area is
low.

Table 1.

Main characteristics of the studied cenopopulations of Juniperus foetidissima Willd.
Recorded cP1 cP2 cP3 cPa CP5
Cenopopulation
Height 600-1000 300-350 400-420 450-500 400-650
Isolation level High Fair Fair Medium High
Soil Fertile black soil Fertllzikl)lack Fertile black soil Sandy Clay

SAB-03B Junipe- SAB-03B Junipe- | RHA-011 Brachy- | SAB-03B Junipe-

Plant rion excelso-foe- Junipero-Cra- rion excelso-foe- | podio pinnati-Ju- | rion excelso-foe-

tidissimae Em.ex

tidissimae Em.ex

niperion commu-

tidissimae Em.ex

associations Matevski et al., taegnosum Matevski et al., nis Mucina all. Matevski et al.,
2010 2010 nov. hoc loco 2010

Population types

distinguished by Transitional Transitional Transitional Transitional Transitional

the delta—omega

criterion

CPz density (ind./ 5 10 6 5 5

m?)

Cover 40% 75% 45% 20% 35%

www.botanic.az
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Figure 1. Juniperus foetidissima Willd. in Turianchai state reserve (From CP 5).

CP2 is found in the Lesser Caucasus region,
specifically in the northwest part of the Repub-
lic of Azerbaijan. This region is characterized by
significant anthropogenic pressure, primarily
due to agricultural activities and land develop-
ment (Gurbanov & Rzayeva, 2019; Huseynova,
2023). As a result, the ecosystem has been al-
tered, impacting its biodiversity. The annual
precipitation in this area ranges from approx-
imately 300 to 350 mm, influencing both the
flora and fauna present, as well as the region’s
overall climate.

CP3 occupies well-isolated areas on moun-
tain Dubrar, a location known for its breath-
taking landscapes and unique geological fea-
tures. Here, the influence of human activity is
moderate; while tourism brings visitors to the
area each year, the local wild vegetation has
been largely preserved in the more remote
highland regions. The balance between tourist
management and conservation has allowed for
the maintenance of the native plant species,
contributing to the ecological richness of the
mountaintop environment.

www.botanic.az

CP4 is situated in Gobustan, an area notable
for its ancient rock carvings and cultural signifi-
cance, positioned at an elevation of 450 to 500
meters above sea level. This small region fac-
es intense anthropogenic pressure, largely due
to its popularity as a tourist destination and its
proximity to urban development. The soil in
CP4 contains very few nutrients, which presents
challenges for maintaining diverse plant life and
affects the overall health of the ecosystem.

CP5 encompasses the territory of the Tury-
anchay State Nature Reserve, which was estab-
lished in 1958 with the primary goal of protect-
ing the rare pistachio-juniper arid forests that
are indigenous to the area. This reserve is char-
acterized by a high degree of isolation, which
helps preserve its unique biodiversity. The
density of vegetation is notably high, providing
habitat for various species that thrive in this
environment. The soil is predominantly clayey,
which affects drainage and vegetation types.
Furthermore, the region receives low levels
of precipitation, making water conservation
crucial for the sustainability of its ecosystems.
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Overall, CP5 plays a vital role in the conservation
of the region’s natural heritage and biodiversity.

Materials and Methods

In the study of the ontogenetic spectrum
of juniper cenopopulations, a comprehensive
methodology was employed to categorize the
various ontogenetic stages of trees. This meth-
odology, proposed by researchers such as Zlo-
bin and Uranov, allows for an in-depth under-
standing of tree development throughout their
life cycles.

Furthermore, the classification of the ceno-
population types was carried out using the del-
ta-omega (A-w) system, which was developed
by Uranov (Zhivotovsky, 2001). This system fa-
cilitates the evaluation of population dynamics
and structure based on age distributions. The
age index of the cenopopulations was subse-
guently assessed, helping to provide insights
into the reproductive status and longevity of
the plant populations in question.

Where

k . —is the coefficient of the ontogenetic
stage

n . —is the number of individuals at the

ontogenetic stage

N- is the total number of individuals in the
cenopopulation

And w-efficiency coefficient proposed by
Zhivotovsky

w- efficiency index presented by L. A.
Zhivotovsky

e- efficiency coefficients of ontogenetic
stages

n - is the number of individuals at the onto-
genetic stage

Results and Discussion

To thoroughly evaluate the ecological and
ontogenetic status of the species Juniperus foe-
tidissima Willd. (Huseynova, 2022; Mammad-
ova, 2020), which has a restricted distribution
across only a few regions in the Republic, we
conducted a detailed study that established an
ontogenetic spectrum represented in a compre-
hensive table. This spectrum categorizes (Table
2) the species into various age groups, enabling
us to analyze the number of individuals within
each category.

Table 2.

Number of individuals belonging to different ontogenetic stages, calculation of age and
efficiency index of cenopopulations

Ontogenetic stages A Q
CP im \Y gl g2 g3 Ss
CP1 6 3 6 8 6 4 0.38 0.47
CP2 4 2 6 6 9 2 0.47 0.55
CP3 5 4 5 4 4 2 0.42 0.41
CP4 2 11 1 3 13 1 0.42 0.59
CP5 11 8 4 4 6 8 0.49 0.52

We calculated critical parameters, including
the age (A) and efficiency index (w) of the ceno-
population, which serve as indicator of its sus-
tainability. By applying the delta-omega model,

we assessed the ecological status of the ceno-
population, yielding insights into its overall vi-
tality and resilience. Our findings reveal that all
of cenopopulations exhibit a transitional type;
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This rejuvenation process can be attributed to
recent developments, such as the introduc-
tion of natural gas infrastructure to rural areas,
which has improved living conditions. Addition-
ally, the local residents have become more pro-
active in conserving their environment, leading
to a significant reduction in deforestation activ-
ities. These factors together suggest a positive
trajectory for the ecological health of Juniperus
foetidissima in the region.
Conclusion

This study provides a comprehensive onto-
genetic and bioecological evaluation of the en-
dangered Juniperus foetidissima Willd., high-
lighting its ecological, reproductive, and habitat
characteristics in the Republic of Azerbaijan.
The results indicate that the studied cenopop-
ulations exhibit transitional characteristics, and
their sustainability was assessed based on age
dynamics and efficiency indices. The applica-
tion of the delta-omega model facilitated a de-
tailed understanding of the ecological status
and regeneration potential of these popula-
tions. Furthermore, improvements in rural in-
frastructure, such as the introduction of natural
gas supply, along with increased environmental
conservation efforts, have contributed positive-
ly to the rejuvenation of these populations.

References

Significant ecological variability was ob-
served among the different cenopopulations
studied. The CP5 cenopopulation in the Turi-
anchai State Nature Reserve stands out due
to its high isolation and rich biodiversity, main-
taining a well-preserved ecosystem. However,
cenopopulations such as CP2 and CP4, which
are more exposed to anthropogenic pressures,
demonstrate higher vulnerability, emphasiz-
ing the necessity for targeted conservation
strategies.

The findings underscore the importance of
Juniperus foetidissima Willd. as a key species
in the ecological stability of Azerbaijan’s arid
sparse forests. Understanding the bioecological
characteristics of this rare species is crucial for
the development of effective management and
conservation plans. Moreover, the methodolo-
gy and results of this study provide a valuable
framework for evaluating and conserving oth-
er rare and endangered species in the region,
contributing to broader biodiversity conserva-
tion efforts. This research highlights the signif-
icance of integrating scientific insights into
practical conservation strategies, ensuring the
sustainability of unique ecosystems and their
biodiversity.

Gurbanoy, E., & Aslanova, S. (2024). AVERAGE ANNUAL PRODUCTIVITY OF THE THYMUSETA-VICAE-
TUM-FESTUCOSUM FORMATION, DISTRIBUTED iN SUMMER PASTURE FiELD NO. 8" TURKESO-
BA"(AZERBAIJAN). Norwegian Journal of Development of the International Science, 126.

Kurbanoy, E., Aslanova, S., & Ibragimoy, S. (2023). Types of Hole-Meadow and Wetlands Vegetation
in Oil-contaminated Soils Siyazan District (Azerbaijan). Bulletin of Science and Practice.

Gurbanoy, E. M., Mamedova, Z. C., & Rzaeva, A. A. (2017). Juniperus polycarpos K. Koch (Turkestan
Juniper) Species in Turianchai Preserve (Azerbaijan Republic). Journal of Food Science and

Engineering, 458-460.

Gurbanoy, E. M., & Rzaeva, A. A. (2019). A Taxonomic Revision and Distribution of the Genus Juni-
perus (Cupressaceae) in Azerbaijan. Journal of Food Science and Engineering, 9(4), 139-141.
https://doi.org/10.17265/2159-5828/2019.04.003

Gurbanov, E. M., & Rzaeva, A. A. (2022). Evaluation of Decorative Properties of Some Coniferous
Plants Introduced to Absheron Peninsula. Acta Botanica Caucasica. https://doi.org/10.30546/

abc.2022.1.2.3

Gurbanoyv, E. M., & Rzaeva, A. A. (2017). Biomorphological Analysis and Identification of Subspe-
cies of Juniperus communis in Azerbaijan. Asian Journal of Plant Science and Research, 7(3),

14-16.

Hassanpanah, D., Gurbanoy, E., Gadimoyv, A., & Shahriari, R. (2007). Reduction of nitrate accumu-
lation in potato by use of potassium humate for human safety. Iranian Biomedical Journal,

www.botanic.az



Volume 3, No 3, 2024 Acta Botanica Caucasica

11(1), 461.

Gurbanoy, E. M., & Rzaeva, A. A. (2019). Comparative Analysis of Juniperus communis L. (Cupres-
saceae) Berry Qils in Azerbaijan. International Conference “Chemical Science and Education,
Problems and Prospects of Development,” Dedicated to the International Year of the Periodic
Table of Chemical Elements, Makhachkala, 150-153.

Huseynova, H. Z. (2023). New Distribution Areas of Some Species of Plants on the Southern Part
of the Caspian Coast. Biosystems Diversity Oles Honchar Dnipro National University Ukraine,
31(1), 123-130.

Huseynova, H. Z. (2022). Vegetation of the Southern Part of the Caspian Coast and Its Nutritional
Value. Biosystems Diversity Oles Honchar Dnipro National University Ukraine, 31(3), 205-212.

Iskender, E., Jafarzadeh, S., & Muradova, B. (2024). MORPHOLOGY DESCRIPTION AND TAXONOMY
OF PYRUS L. SPECIES OF NORTH-EASTERN PART OF THE GREAT CAUCASUS. Acta Botanica
Caucasica Volume, 3(2), 30-39.

Mammadova, Z. J. (2020). Seed Productivity of Some Leguminous Plants Studied at the Level of
Cenopopulation in Azerbaijan. Bulletin of Science and Practice, 6, 58—65.

Rzayeva, A. A. (2021). Seed Propagation of Juniperus foetidissima Willd. in Absheron. Bulletin of
Science and Practice, 1, 55-58.

Seed Propagation of Juniperus foetidissima Willd. in Absheron. (2021). Bulletin of Science and Prac-
tice, 1, 55-58. https://doi.org/10.33619/2414-2948/62/05

Zhivotovsky, L. A. (2001). Ontogenetic States, Effective Density, and Classification of Plant Popula-
tions. Russian Journal of Ecology, 32(1), 1-5.

9 www.botanic.az


https://doi.org/10.33619/2414-2948/62/05

Acta Botanica Caucasica pp. 10-16

Volume 3, No 3, 2024

ECO-FLUORESCENT CHARACTERISTICS OF THE FLORA OF THE GANGA RIVER BASIN

Vagif Novruzov' | ORCID: 0009-0007-5093-6914

Aynur Bayramova'* | ORCID: 0009-0007-1441-5265
Elanura Cavadova' | ORCID: 0000-0000-0000-0000

' Ganja State University, Ganja, Azerbaijan
* Correspondence: abayramova@rambler.ru

Article Info:
DOI: https://doi.org/10.30546/abc.2024.3.3.505
Pages: 10-16

Received: August 10, 2024 | Revised: September 5, 2024 | Accepted: September 25, 2024

Abstract: The Ganja River basin, characterized by a wide range of elevations and climatic gradients,
constitutes a unique ecological matrix distinguished by its diverse vegetation assemblages. Rigorous
investigations, encompassing over 100 phytosociological descriptions and the collection of 300
herbarium specimens, have elucidated 20 distinct types of fluorescent vegetation, classified based
on phytochrome composition and their dominant edifiers. For the first time, a comprehensive and
contemporary phytocenological framework at the association level has been developed, delineating
vegetation distribution across ecological zones, including forests, meadows, swamps, and wetlands.
Utilizing I.G. Serebryakov’s classification system, the research reveals a nuanced stratification of life
forms into vegetative, restorative, and irruptive species types, which are further categorized into
ecological groups such as mesoxerophytes, xeromesophytes, halomesophytes, and saprophytes. The
study critically examines the drivers of soil erosion and the diminished productivity of natural fodder
areas, proposing targeted phytomelioration strategies aimed at restoring ecological equilibrium
and reinforcing the stability of coastal slopes. These findings significantly advance the discourse on
sustainable resource management and emphasize the imperative of safeguarding the ecological
integrity of the Ganja River basin.

Keywords: vegetation association, mesoxerophytes, xeromesophytes, halomesophytes, saprophytes.

Introduction

Nature protection and the efficient use of
natural resources are among the most critical
challenges facing humanity today. Addressing
this issue requires the implementation of com-
prehensive measures for environmental pro-
tection, proper utilization of natural resources,
and their restoration. To safeguard and use the
vegetation in any given region effectively, it is
essential to conduct a thorough study of its flo-
ra and vegetation, identifying plants that hold
national economic significance. In this context,
regional floristic data plays a crucial role in our
efforts (Askerov, 2011; Mammadova, 2018;
Noruzov & Javadova, 2023).

The length of the Ganja River is 99 km, and
the total area of the basin is 752 km2. The river
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takes its source at an altitude of 2814 m above
sea level and flows into the Kura River at an al-
titude of 720 m. Five of the nine tributaries of
the river are right, and four are left. The basin
ranges from high-precipitation alpine meadows
in the south to low-precipitation desert and
semi-desert steppes in the north. From south to
north, the river basin is elongated and wide. It
borders the Tartar River along the Murov moun-
tain ridge, the Kurek River basin from the east,
and the Goshgar River basin from the west. The
average width of the river basin is 7.6 km, and
the average height is 119 m. The total fall of the
river is 2744 m, the average slope of the river is
27.7%, and the density of the river network is
0.64 km/km? (Huseynov, 1959; Malikov, 1984;
Novruzov & Bayramova, 2010).
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Materials and Methods

Research Materials

The study utilized various materials, includ-
ing herbarium specimens collected from differ-
ent elevations of the Ganja River basin, ranging
from 250 to 3,800 meters above sea level. A to-
tal of nearly 300 herbarium samples were col-
lected, representing diverse ecological groups
and life forms (Guliyeva, 2022; Mehdiyeva,
2011). The phytosociological descriptions and
survey data served as foundational materials
for analysis.

The Ganja River basin’s diverse ter-
rains-ranging from mountain rocks and ravines
to eroded rock outcrops-were explored during
the research process. These terrains provided
rich material for studying the flora and vegeta-
tion’s ecological and morphological characteris-
tics (Hatamov, 1981; Guliyeva, 2020).

Research Methods

Surveys were conducted throughout the
basin to examine the flora and vegetation com-
prehensively. Key methods included floristic,
floristic-systematic, areological, botanical-geo-
graphic, phytosociological, and statistical tech-
niques. These approaches enabled the detailed
classification and analysis of plant species and
ecological groups (Mammadova, 2018; Noruzov
& Javadova, 2023).

The botanical-geographic and phytoso-
ciological techniques were particularly signif-
icant in analyzing the spatial distribution and
ecological relationships of plant communities.
Statistical tools were applied to interpret data,
ensuring reliability and precision in findings
(Mehdiyeva, 2011).

Herbarium collections were curated and an-
alyzed to document species diversity and mor-
phological traits. The specimens were identified
and cross-referenced with taxonomic literature,
providing a basis for the ecological classification
of species within the basin.

Relevance of the topic: One of the most im-
portant approaches of Flora is to give an anal-
ysis of life forms. Flora consists of the sum of
different life forms. The flora of the Ganja River
basin is divided into different life forms (accord-
ing to |.G. Serebriyakov) with certain changes:

1. Trees and shrubs, semi-shrubs;

2. Autotrophic herbaceous plants, dense
grasses, soft grasses, rhizomes, tuber-
ous roots, creeping and climbing stems;

3. Autotrophic monocarp herbaceous
plants:  perennials, biennials and
annuals.

In the spectrum of life forms, perennial, bi-
ennial and annual grasses, dense grasses, rhi-
zomatous herbs and monocarpic plants (espe-
cially annuals) do not play a large role in forest
groups (Serebriyakov, 1962; Raunkier, 1934).

Many classification systems and schemes
have emerged, based on which life forms have
been studied. The classification of K. Raunker
and . G. Serebryskov is widely used in the study
of the analysis of life forms. The classification
system is based on ecological-morphological,
biological and phytocenological features (Raun-
kier, 1934; Danilov, 1954).

According to the system of I.G. Serebryako-
va, the life forms of the vegetation of the Ganja
River basin are vegetative type (annuals and bi-
ennials that do not cover a large area, each time
forming in different areas), restorative type (pe-
rennial species in the process of renewal) and
irruptive types (perennials that develop vege-
tative reproductive organs, not only renewal).
The composition of the flora is characterized by
a large number of ecological groups in the area.

All types of flora are divided according to
ecological cenotic groups. The natural flora of
the basin is divided into 7 ecological groups:
forest, meadow, swamp, water bank, weed, for-
est-meadow, and water-wetland (Serebriyakov,
1962; Poplavskaya, 1983).

In addition to the above, in the analysis of
the flora, the length of life of the species is an-
alyzed, according to Serebryakov (annual, bien-
nial and perennial). Also according to Raunkier
(phanerophytes, chamaephyte, emifritophytes,
geophytes, therophytes), according to A.H.
Danilov (psammophytes, psychrophytes, etc.);
according to the composition of elements
(mesoxerophytes, xeromesophytes, halome-
sophytes, sarophytes, mesophytes, hydrome-
sophytes, mesohydrophytes, hygrophytes);
divided according to the method of seed and
fruit propagation (anemochores, autochores,
zoochores, ballists, agestochores, etc.) (Danilov,
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1954; Poplavskaya, 1983) (Table 1 & Figure 1).
According to the data of G.I. Poplavska-

ya, among psychrophytes, the leaf openings

are slightly open during the day, and some are

open all day or most of the day (Poplavskaya,
1983).

Table 1.
Analysis of flora of Ganja River basin according to ecological groups
Ecological Groups Number of Species Percentage (%)

Mesophytes 360 49.0
Xerophytes 151 20.6
Mesoxerophytes 121 16.5
Hydrophytes 57 7.8
Halophytes 45 6.1
Total 734 100

Figure 1. Distribution of Plant Types in the Flora of the Ganja River Basin Based on Ecological Groups

The modern flora and vegetation of the
Ganja River basin have been formed under var-
ious anthropogenic influences as a result of the
active economic activity of man. Therefore, the
analysis of the flora of the Ganja River basin can-
not be carried out without analyzing its anthro-
pophilic elements. It should be pointed out that
the separation of anthropophilic species and
the identification of synanthropic flora is a very
difficult process and, in most cases, it is done
conventionally. In our research, anthropophilic
florais considered as the flora of areas disturbed
by anthropogenic influences. Species and phy-
logenetic composition of the basin include spe-
cies formed as a result of direct and indirect
effects of human economic activity. This flora
includes village surroundings, surroundings of
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large and small enterprises, central roads, in-
ternational gas pipelines, meadows, pastures,
steppes, and water basins (Mammadova, 2018;
Noruzov & Javadova, 2023).

Adventitious flora is the most important in-
dicator of anthropogenic load. The economic
use of the territory, and the increase of anthro-
pogenicload, disrupt the natural balance of veg-
etation in natural landscapes, including plant
groups. Disruption of habitats leads to apoph-
ytes and anthropites of the synanthropic flora
(Nikiti, 1983). Apophytes, as representatives of
the local flora, do not affect the change in the
general composition of the flora. Anthropites
do not initially affect the natural flora. Because
of this, often the alien species are not included
in the natural flora. The amount of adventitious
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plants in the flora is influenced by the severity
and periodicity of anthropogenic impacts (Pyak,
1994).

Adventitious flora is mostly found around
the Ganja and Goranboy cities of the Ganja Riv-
er Basin. Eighty-one adventive species belong-
ing to 18 families and 60 genera are observed.
Caryophyllaceae, Cucurbitaceae, Malvaceae,
Solanaceae, and Brassicaceae species are pre-
dominant here. Non-native species mainly in-
clude Asteraceae (11 species), Brassicaceae (7
species), Caryophyllaceae (8 species), and Po-
aceae (13 species). Solanaceae includes 2 spe-
cies, and the remaining families are represent-
ed by only one species.

Non-native species are classified by migra-
tion and degree of wilding:

By Migration:
1. Xenophytes - species that accidentally en-
ter the area.
2. Ergaziophytes - wild cultivated plants.
3. Xenoergasiophytes - both non-native and
cultivated plants (Hajiyev, 2004).
By Degree of Wilding:
1. Epigophytes - species that become wild
and actively move to anthropogenic areas.
2. Colonyphytes - wild species that cannot
spread very widely.
3. Ephemirites - non-native species that can-
not reproduce effectively (Pyak, 1994).
These classifications reflect the ecological
and anthropogenic dynamics of the Ganja River
Basin’s flora, emphasizing the significant impact
of human activities on its natural composition
and balance.

Table 2.
The spectrum of florosenotic complexes of the flora of the Ganja River basin

Ne Florosenotic Complex Amount of Species Amount of Species (%)
1 Forest vegetation

1.1 Low mountain forests 15 2.0

1.2 Medium mountain forests 24 3.2

1.3 Upper mountain forests 18 2.4

1.4 Tugai forests 12 1.6
2 Grass vegetation

2.1 Tall grassland after the forest 35 4.7

2.2 Subalpine meadows 100 13.6

2.3 Alpine meadows 75 10.2
3 | Swamp vegetation 40 5.4
4 | Aquatic coastal vegetation 35 4.7
5 | Weed and ruderal vegetation 56 7.6

There are 56 species of plants that acciden-
tally migrated into the Ganja River basin. Four
species are periodically cultivated plants (e.g.,
Malva, Medicago orbicularis). Seven species
are categorized as both wild and accidental ar-
rivals. The last two groups include a total of 12
species (Mammadova, 2018; Noruzov & Java-
dova, 2023),(Table 2).

To provide an ecological and genetic charac-
terization of species persistence, five types of

plant groups were assigned based on five floro-
cenotic complexes.

Each species complex within the group is
characterized by its specific habitat or plant
grouping. Each florocenotic complex is conven-
tionally divided into euritopes, which represent
species occurring in various variants of their
termination sites (Hajiyev, 2004; Pyak, 1994).
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Table 3
Indicators according to the number of main families, genera and species in the flora of the
Ganja River basin

Genera Species

Ne Families Number | In % by number Number In % by number
1 Asteraceae Giseke. 44 11,1 80 11
2 Poaceae Barnhart. 25 6,3 51 7
3 Lamiaceae Martinov. 22 5.5 38 5.2
4 Rosaceae Juss. 20 5 41 5.6
5 Boraginaceae Juss. 17 4.3 28
6 Fabaceae Juss. 16 4 51
7 Ranunculaceae Juss. 16 4 32 4.4
8 Brassicaceae Burnett. 15 3.8 16 2.2
9 Caryophyllaceae Juss. 14 3.5 27 3.7
10 | Apiaceae Lindl. 12 3 16 2,2
11 | Scrophulariaceae Juss. 10 2.5 36 5
12 | Chenopodiaceae Vent. 9 2.3 14 2
13 | Solanaceae Juss. 8 2 10 1,4
14 | Papaveraceae Juss. 6 1.5 14 2
15 | Orchidaceae Juss. 6 1.5 10 1.4
1 Cyperaceae Juss. 5 1.3 12 1.6
17 | Campanulaceae Juss. 4 1 10 1.4
18 | Polygonaceae Juss. 4 1 10 1.4
19 | Rubiaceae Juss. 4 1 13 1,8

Main families 257 64.6 509 69,3
Families represented by 10-1 141 35.4 225 30,7
species

Total: 398 100 734 100

Figure 2. Percentage distribution of genera and species by family

www.botanic.az 14



Volume 3, No 3, 2024

Acta Botanica Caucasica

Results and Discussion

The flora of the Ganja River basin is charac-
terized by its ecological and taxonomic diver-
sity, shaped by a combination of geographical
and anthropogenic factors. The study identified
734 species distributed across 398 genera and
73 families, with the largest contributions from
Asteraceae Giseke (80 species), Poaceae Barn-
hart (47 species), Fabaceae Juss. (51 species),
Rosaceae Juss. (41 species), and Lamiaceae
Martinov (38 species). These families account
for a significant proportion of the basin’s floral
composition, reflecting the adaptation of these
species to diverse ecological conditions (Mam-
madova, 2018), (Table 3).
Ecological Analysis

The ecological spectrum of the flora re-
veals dominance of mesophytes (49%) and xe-
rophytes (20.6%), indicating the prevalence of
plants adapted to moderate and arid conditions.
This aligns with the varied climatic zones of the
basin, ranging from humid alpine meadows to
semi-arid steppes (Figure 2). Adventitious flora,
primarily comprising 81 species from 18 fami-
lies, was most prominent around urbanized and
industrial zones such as Ganja and Goranboy.
This suggests significant anthropogenic influ-
ence, leading to habitat disturbances and the
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Abstract. The genetic diversity of 11 local hazelnut varieties (Corylus avellana L.) from Azerbaijan
was assessed using 8 ISSR markers. A total of 48 fragments were amplified from these varieties,
15 of which were polymorphic. Among the primers, UBC 818 exhibited the highest polymorphism
(55.6%), while UBC 812 showed the lowest (10%). Overall, the average polymorphism across the
markers was 32%. Genetic diversity analysis revealed high diversity for UBC 818 primer, while UBC
812 displayed the lowest diversity. The mean GDI for the entire collection was 0.44. The Jaccard
genetic distance index ranged from 0.14 to 0.86. The greatest value was observed between the
Mirzebeyli and Galib, while the Ata-baba and Azeri, as well as the Barli and Azeri, showed the closest
genetic relationships. The dendrogram analysis identified three main clusters. Principal Coordinate
Analysis supported these findings, grouping the varieties into three distinct groups, with Mirzebeyli
being the most genetically distinct. Additionally, molecular fingerprinting revealed unique genetic
profiles for each variety, which can facilitate their identification. The use of more polymorphic
primers could further enhance the accuracy and reliability of these genetic profiles. These results
offer valuable insights for hazelnut breeding programs and contribute to the conservation of these
local varieties.

Keywords: hazelnut, genetic diversity, variety, Corylus avellana L., ISSR

Introduction cultivated in the western and eastern Mediter-

The European hazelnut (Corylus avellana
L.) is a shrub cultivated since ancient times for
its oil-rich kernels, which are consumed whole,
ground, or in paste form, and are prized for
their unique flavor in various confectionery
products (Ferreira et al., 2010). Evidence sug-
gests that hazelnuts were domesticated and

ranean regions at least 2000 years ago (Frary,
2019). In recent years, the growing interest in
hazelnut farming has led to a significant expan-
sion in global cultivation. Despite this increase,
global production remains reliant on a limited
number of cultivars, most of which are highly
adapted to the specific environments where
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they were originally selected. Although hazel-
nuts rank among the most valuable tree nuts
worldwide, genetic resources for their improve-
ment are relatively scarce (Helmstetter et al.,
2020). Moreover, identifying domestication
syndromes in clonally propagated species such
as hazelnut presents unique challenges. These
plants are relatively understudied compared to
seed-propagated species (McKey et al., 2010).

Recent advances in molecular markers and
next-generation sequencing technologies have
facilitated numerous analyses aimed at explor-
ing the genetic structure of C. avellana. Stud-
ies on the genetic diversity of this species have
employed various types of DNA markers (Leine-
mann et al., 2013; Martins et al., 2015; Brown
et al., 2016; Colburn et al., 2017).

Hazelnuts have been cultivated in Azerbai-
jan since ancient times, with numerous selec-
tion studies contributing to the development of
new varieties through traditional and scientific
breeding methods. According to the Interna-
tional Trade Centre (ITC), Azerbaijan ranked as
the fourth-largest exporter of hazelnuts globally
in 2023. The country’s main export destinations
include Russia, Germany, Italy, and Switzerland
(English News, 2024). The hazelnut industry
in Azerbaijan is predominantly supported by
small-scale producers, with 99% of production
attributed to individual entrepreneurs, farmers,
and household businesses.

Currently, approximately 150 local and in-
troduced hazelnut varieties and forms are main-
tained at the Zagatala Experimental Station of
the Scientific Research Institute of Fruit and Tea
Growing. While these varieties have been stud-
ied for their morphobiological and kernel traits
to meet market demands, no genetic analy-
ses have been conducted by local researchers.
Moreover, only a limited number of Azerbaija-
ni hazelnut varieties are represented in foreign
collections (Gurcan et al., 2010). Conducting a
comprehensive evaluation of these varieties
could enhance their utilization in future breed-
ing programs.

The success of breeding programs large-
ly depends on the careful selection of initial
materials and the appropriate combination of
parental forms. The genetic similarity between
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parental forms plays a crucial role in generating
genetically diverse recombinants. Unlike mor-
phological traits, molecular markers provide a
faster and more precise reflection of the genet-
ic structure of samples, independent of envi-
ronmental influences. Over the years, numer-
ous molecular markers, including RAPD, SSR,
AFLP, and ISSR, have been developed for hazel-
nut plants (Ferreira et al., 2010; Gokirmak et al.,
2009). Among these, ISSR markers are particu-
larly advantageous as they offer rapid insights
into the genetic structure of samples without
requiring prior knowledge of the genome se-
quence. This information significantly enhances
breeding programs, enabling the development
of new varieties with desirable traits more effi-
ciently than traditional methods.

The primary goal of this research is to eval-
uate the genetic diversity and fingerprint lo-
cal hazelnut varieties cultivated in Azerbaijan
based on ISSR markers.

Materials and methods

Eleven local hazelnut varieties preserved at
the Zagatala Experimental Station of the Scien-
tific Research Institute of Fruit and Tea Growing
were used as the research material (Figure 1).
Hazelnut nuclear DNA was extracted in the Mo-
lecular Genetics and Genomics Department of
the Genetic Resources Institute using the Doyle
and Doyle (1987) method.

n this study, 10 ISSR primers were initially
screened for their effectiveness in amplifying
polymorphic regions across the hazelnut ge-
nome. Based on their performance, six primers
demonstrating consistent and reliable ampli-
fication were selected for further analysis (Ta-
ble 1). Polymerase chain reaction (PCR) was
performed using these six effective primers,
and the resulting amplification products were
resolved through electrophoresis on a 1.5%
agarose gel, following the optimized protocol
(Babayeva et al., 2018). The genetic diversity
index (GDI) was calculated following the meth-
odology described by Weir (1990). To evaluate
genetic relationships among the hazelnut gen-
otypes, ISSR marker data were compiled into a
binary matrix, and the Jaccard genetic distance
index was calculated using DarWin 6.0 software
(Perrier & Jacquemoud-Collet, 2006). This index
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was used to construct a Neighbor-Joining (NJ)
dendrogram through cluster analysis and to
perform Principal Coordinate Analysis (PCoA).
Results and discussion: A thorough under-
standing of genetic diversity in both cultivat-
ed plants and their wild relatives is vital for
enhancing breeding programs (Zamir, 2001;
Abbasov et al., 2023; Abbasov et al.,, 2024),
strengthening disease resistance (Zhu et al.,
2000), and evaluating the impact of domestica-
tion (Wright, 2005). Genetic diversity forms the
foundation for developing ecologically adapt-
able hazelnut varieties capable of producing
stable, high-quality yields, particularly in the

face of climate change.

This study examines the genetic diversity
and relationships among 12 local hazelnut (Co-
rylus avellana L.) varieties using six intermicro-
satellite (ISSR) loci. No results were obtained
for the variety El Bari; therefore, it was exclud-
ed from the study, and the research continued
with 11 accessions. The study also includes ge-
netic identification of these varieties.

To achieve this, up to 10 ISSR markers were
initially tested, and six primers (UBC 818, UBC
834, UBC 810, UBC 812, UBC 823, and UBC 835)
were selected for evaluating the genetic diver-
sity of the hazelnut collection.

Figure 1. Amplification products in 11 local hazelnut varieties with UBC 818 primer. 1- Galib, 2- Dash
Findiq, 3- Ata-baba, 4- Azeri, 5- Tala, 6- El Bari, 7- Topgara, 8- Sachakhli, 9- Firavan, 10- Nesimi, 11-

Mirzebeyli, 12- Barli, L- ladder

A total of 48 fragments were successful-
ly amplified from 11 local hazelnut varieties,
of which 15 were polymorphic. The amplicon
sizes ranged from 0.3 to 1.1 kb. The number
of common fragments per primer varied be-
tween 7 and 10, while polymorphic fragments
ranged from 1 to 5, with averages of 8 and 2.5,

respectively (Table 1). Among the primers test-
ed, UBC 812 produced the highest number of
fragments. These findings align with previous
studies. For instance, Ferreira et al. (2010) re-
ported 66 polymorphic bands using 11 ISSR
primers in a hazelnut collection from Spain.

Table 1
Genetic diversity parameters in local hazelnut varieties based on ISSR markers
Primers Sequence Number of pl(\)lll;r?ll:)?];ﬁfc Polymorphism, d(:\?::stiltcy
5~3 total bands bands % index

UBC 818 (CA),G 5 55.6 0.85
UBC 834 (AG),YT 3 42.8 0.44
UBC 810 (GA),T 2 25.0 0.66
UBC 812 (GA)BC 10 1 10.0 0.18
UBC 823 (TC),C 2 28.6 0.23
UBC 835 (AG),YC 2 28.6 0.26
Total 48 15 -

Mean 8 2.5 32 0.44

Among the six primers tested, the highest
polymorphism (55.6%) was observed with the
UBC 818 primer, while the lowest (10%) was
recorded for the UBC 812 primer. On average,
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the percentage of polymorphism in the local
hazelnut collection was 32%. Besides UBC 818,
the UBC 834 primer also exhibited a high lev-
el of polymorphism (Figure 2). In comparison,
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Ferreira et al. (2010) reported a polymorphism
rate of 61.6% using ISSR markers in a hazelnut
collection comprising 90 trees. This difference

could be attributed to the smaller number of
accessions included in our study.

Figure 2. Amplification products in 11 local hazelnut varieties with UBC 834 primer. 1- Galib, 2- Dash
Findig, 3- Ata-baba, 4- Azeri, 5- Tala, 6- El Bari, 7- Topgara, 8- Sachakhli, 9- Firavan, 10- Nesimi, 11-

Mirzebeyli, 12- Barli, L- ladder

Using the UBC 818 primer, eight distinct pat-
terns were identified in the hazelnut collection,
five of which were unique. In contrast, the UBC
834 primer produced three patterns, with the
first being the most frequent (0.72), while the
second pattern was exclusive to the Mirzebey-
li variety. The UBC 810 primer detected three
patterns, two with a frequency of 0.36 and one
with a frequency of 0.27 (Figure 3). The remain-
ing three primers revealed 2-3 patterns, char-
acterized by high major allele frequencies and,
consequently, low diversity (Table 1).

The genetic diversity index (GDI), calculated
based on the frequency of ISSR profiles, varied
across the primers. Among the six primers test-
ed, three exhibited high genetic diversity indices
(0.44-0.85), while the other three showed low
diversity values. The highest diversity was ob-
served with the UBC 818 primer, which features
the (CA),G dinucleotide motif, whereas the UBC
812 primer, with the (GA),C motif, showed the
lowest diversity. Notably, the UBC 810 primer
also demonstrated high genetic diversity, with
a GDI of 0.66.

Figure 3. Amplification products in 11 local hazelnut varieties with UBC 810 primer. 1- Galib, 2- Dash
Findiqg, 3-Ata-baba, 4-Azeri, 5-Tala, 6-El Bari, 7- Topgara, 8- Sachakhli, 9-Firavan, 10-Nesimi, 11- Mirzebeyli,

12- Barli, L- ladder

Although cultivated varieties are typical-
ly expected to exhibit lower genetic diversity
due to the bottleneck effect of domestication
(Tanksley & McCouch, 1997), several studies
have reported comparable levels of heterozy-
gosity in both wild and cultivated hazelnut col-
lections. This suggests that domestication has
a relatively minimal impact on genetic diversity
in hazelnut, as is also observed in many oth-
er perennial fruit trees (Miller & Gross, 2011;
Cornille et al., 2012). In our study, the average
Genetic Diversity Index (GDI) across all primers
was 0.44. Previous research has examined ge-
netic diversity in hazelnut varieties cultivated
in the South Caucasus and Black Sea regions,
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including Turkey, Georgia, and Azerbaijan, us-
ing SSR markers (Gircan et al., 2010). These
studies revealed the presence of synonyms and
homonyms within the collections. For instance,
some varieties shared identical names despite
being phenotypically and/or genotypically dis-
tinct, while others, though clonally propagated,
were assigned different names.

The results indicate a moderate genetic di-
versity among local hazelnut varieties, with a
certain degree of compatibility with other col-
lections. Among the ISSR primers utilized, UBC
818 and UBC 834 proved to be the most effec-
tive for assessing genetic diversity in hazelnut
samples.
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The Jaccard genetic distance indices among
genotype pairs ranged from 0.14 to 0.86, with
an average value of 0.51 (Table 2). The great-
est genetic distance was observed between the
Mirzebeyli and Galib varieties, followed by the

Firavan - Galib and Firavan - Dash Findig pairs.
Conversely, the Ata-baba and Azeri varieties, as
well as the Barli and Azeri varieties, displayed
the closest genetic relationships.

Table 2
Jaccard genetic distance index among local hazelnut varieties
N 1 2 3 4 5 6 7 8 9 10
2 0.57
3 0.17 0.63
4 0.29 0.50 | 0.14
5 0.63 0.17 0.50 0.38
6 0.71 0.50 0.57 0.63 0.33
7 0.67 0.67 | 050 | 057 | 0.50 | 0.60
8 0.83 083 | 0.67 | 0.71 | 0.67 | 0.50 | 0.33
9 0.57 0.33 0.43 0.50 0.17 | 0.20 0.40 0.60
10 0.86 0.67 0.71 0.57 0.50 | 0.83 0.50 0.75 0.67
11 0.43 043 | 029 | 0.14 | 0.29 | 0.57 | 0.50 0.67 0.43 | 050

Note: 1- Galib, 2- Dash Findiq, 3- Ata-baba, 4- Azeri, 5- Ta
Mirzebeyli, 11- Barli

la, 6- Topgara, 7- Sachakhli, 8- Firavan, 9- Nesimi, 10-

The dendrogram revealed three main clusters, representing the genetic affinity among the local

hazelnut varieties (Figure 4).

Figure 4. NJ dendrogram showing genetic relationships among 11 local hazelnut cultivars
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Cluster | included four varieties: Ata-baba,
Galib, Azeri, and Barli, with Ata-baba and Galib
exhibiting the highest genetic similarity. Cluster
Il comprised the Tala, Dash Findig, Nesimi, and
Topgara varieties, with genetic distance indices
ranging from 0.17 to 0.33 within the cluster.
The remaining three varieties formed Cluster lll,
with shared alleles, though the genetic distance
between them varied from 0.60 to 0.75, indi-
cating considerable divergence among these
varieties (Firavan, Sachakhli, and Mirzebeyli).

Among these, Mirzebeyli was the most genet-
ically distinct, with a genetic distance index
ranging from 0.50 to 0.86 when compared to
the other varieties.

The results from the Principal Coordinate
Analysis (PCoA) corroborated the findings from
the NJ dendrogram, grouping the accessions
into three distinct groups (Figure 5). The first
two axes of the PCoA explained 59.5% of the
total variation.

Figure 5. Distribution of local hazelnut varieties on the PCo plot

Genotypes from Cluster | are located in the
left quadrants, while varieties from Clusters Il
and Il are positioned in the right quadrants.
The main distinction is that the Dash Findiq va-
riety from Cluster Il is situated closer to the va-
rieties in Cluster |. Consistent with the dendro-
gram, the Mirzebeyli variety is positioned at the
far end of the negative PCoA Y-axis, distinctly
separate from the other varieties in Cluster lll.
In a similar study, Ferreira et al. (2010) identi-
fied two groups - one corresponding to refer-
ence varieties and the other to local varieties
- during UPGMA clustering and PCA analysis of
90 hazelnut plants.

The insights gained from analyzing the
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genetic relatedness and divergence of hazelnut
varieties provide valuable information for guid-
ing hazelnut breeding programs, aiding in the
selection of appropriate parental forms.
Fingerprinting using molecular markers is
critical in intellectual property rights applica-
tions. These markers play a significant role in
patenting, breeder’s/authors’ rights, material
exchange agreements, and farmers’ rights. Ge-
netic fingerprinting involves identifying unique
combinations of sequences for each variety
using primers that have high discriminatory
potential and polymorphism. Several studies
have compiled such “digital codes” for variety
identification (Pharmawati et al., 2005; Liu et
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al., 2012).

In our study, fingerprinting of 11 hazelnut
varieties was performed using 8 loci, focusing
on the unique and rare fragments and patterns
generated with primers UBC 818, UBC 834, and
UBC 810 (Table 3). The digital codes generated
for the 11 varieties were distinct and did not
match any variety in the collection, ensuring

their uniqueness. These codes can be used to
differentiate the studied hazelnut varieties.
However, for more precise variety identifica-
tion, it may be beneficial to consider both mor-
phological markers and specific markers such as
SSR.

Table 3
Digital identification code of local hazelnut varieties

Digital CelezSsEaldede|Ss s
Varieties identification Bol8c|82 8|88 |8 8 =)

code SRIERES| ST |83 8|88 23
Galib 10101101 1 0 1 0 1 1 0 1
Dash Findiq 10011110 1 0 0 1 1 1 1 0
Ata-baba 11101101 1 1 1 0 1 1 0 1
Azeri 11111101 1 1 1 1 1 1 0 1
Tala 11011110 1 1 0 1 1 1 1 0
Topqara 11001010 1 1 0 0 1 0 1 0
Sachakhli 01001100 0 1 0 0 1 1 0 0
Firavan 01001000 0 1 0 0 1 0 0 0
Nesimi 11001110 1 1 0 0 1 1 1 0
Mirzebeyli 01010100 0 1 0 1 0 1 0 0
Barli 11011101 1 1 0 1 1 1 0 1

A simultaneous comparative analysis using
more polymorphic primers (loci) capable of dis-
tinguishing a greater number of varieties and
accessions would enhance the reliability of the
genetic code. The genetic information derived
from such an approach would provide a more
accurate and dependable basis for the conser-
vation of local hazelnut varieties.

To conclude, the significant genetic diver-
sity is present among the 11 local hazelnut
varieties from Azerbaijan, with certain vari-
eties displaying notable genetic divergence.
The results provide valuable insights for ha-
zelnut breeding programs and contribute to
the conservation of these local varieties.

Conclusion

This study provides the first detailed genetic
diversity analysis of 11 local hazelnut varieties
(Corylus avellana L.) from Azerbaijan using ISSR
markers. The results revealed a moderate level
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of genetic diversity, with an average polymor-
phism rate of 32% across the tested primers.
Among the primers, UBC 818 demonstrated the
highest polymorphism (55.6%) and genetic di-
versity index (GDI = 0.85), making it the most
effective marker for diversity assessment. Con-
versely, UBC 812 showed the lowest polymor-
phism (10%) and genetic diversity (GDI = 0.18).

Jaccard’s genetic distance index ranged
from 0.14 to 0.86, with the closest relation-
ships observed between Ata-baba and Azeri, as
well as Barli and Azeri. Mirzebeyli exhibited the
greatest genetic distance, highlighting its genet-
ic distinctiveness. Cluster analysis grouped the
varieties into three distinct clusters, a result fur-
ther supported by Principal Coordinate Analysis
(PCoA). Mirzebeyli consistently emerged as the
most genetically divergent variety.

Unique genetic fingerprints were generated
for each variety, ensuring their precise iden-
tification and differentiation. These genetic
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profiles have practical applications in breeding
programs, variety protection, and conservation
efforts. However, the inclusion of more poly-
morphic primers and morphological data in fu-
ture studies would enhance the reliability and
precision of these genetic profiles.

The results highlight the genetic diversity
within local hazelnut varieties and provide valu-
able insights for breeding programs, particular-
ly in the selection of genetically distinct paren-
tal lines to enhance heterozygosity in offspring.
The identification of unique varieties, such as
Mirzebeyli, offers potential for the develop-
ment of new hazelnut cultivars with desirable
traits.

This study establishes a foundation for the
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Abstract. Mud volcanoes are widespread across many countries worldwide, yet the vegetation
associated with these formations in Azerbaijan remains insufficiently studied. The dynamic
processes occurring on mud volcanoes significantly influence their vegetation, highlighting the
need for detailed floristic and geobotanical research. The study of mud volcanism in relation to
vegetation is currently highly specialized and fragmented.

For the first time in Azerbaijan, the species composition of the Gyzmeidan mud volcano, situated
in the eastern part of the Greater Caucasus botanical and geographical area, has been thoroughly
analyzed. Research conducted between 2018 and 2023 identified 90 species from 81 genera and
33 families. The most represented families were Asteraceae (Giseke) with 14 species (16%) and
Poaceae (Barnhart) with 8 species (9%). Three rare species were documented: Ophrys oestrifera M.
Bieb., Pyrus salicifolia Pall., and Rosa pulverulenta M. Bieb.

The study revealed that the vegetation cover becomes more abundant and diverse with increasing
distance from the eruptive center of the volcano. Life form analysis indicated that 44 species
are perennial herbaceous plants, while 31 are annuals. Ombrophytes, characterized by shallow
root systems that utilize precipitation, dominate with 64 species, while phreatophytes and
trichohydrophytes account for 10 and 16 species, respectively. These findings provide essential
insights into the ecological dynamics of mud volcano flora.

Keywords: Gyzmeidan, mud volcano, flora, ephemerae, eruptive center

Introduction

The territory of Azerbaijan is a unique re-
gion of mud volcanism. By the number of vol-
canoes, their diversity, and intensity, Azerbaijan
takes the first place in the world (Khain & Khali-
lov, 2009). Out of 800 mud volcanoes existing
in the world, about 400 are located within the
South Caspian oil and gas basin, and more than
300 of them are located onshore in East Azer-
baijan and the adjacent water area of the Caspi-
an Sea. In Azerbaijan, the phenomenon of mud
volcanism is observed in Shamakhi-Gobustan
and the Lower Kura depression, on the Absher-
on peninsula, and in the areas of Baku and the
Absheron archipelagos. Flora and vegetation of
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mud volcanoes of Azerbaijan, and their pecu-
liarities of formation in conditions of volcanic
activity, have not been studied so far. There is
only fragmentary data on the growth of partic-
ular plants when describing the geological and
landscape features of volcanoes. The largest
generalizations in this regard were the works
of K. A. Korznikov (Korznikov, 2015), T. M. Ting
and A. D. Poulsen, who studied the diversity of
plants surrounding the mud volcanoes of Tabin
and Lipad (Ting & Poulsen, 2009).

Studies on the flora and vegetation of the
volcano have not been conducted in Azerbaijan
before. Preliminary research in this area has
been conducted since 2016-2017 (lsayeva &
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Mehdiyeva, 2017). However, despite the geo-
logical and geographical studies of the mud vol-
cano in the Shamakhi region, investigation of
the flora and vegetation cover of this volcano
has not yet been studied. In this regard, the aim
of the investigation was to study the flora, as
well as plant communities and plant aggrega-
tion of the mud volcano Gyzmeidan.
Materials and Methods

Description of the territory. According to
the botanical and geographical zoning of Azer-
baijan (Prilipko, 1970), the territory under study
belongs to the eastern part of the Greater Cau-
casus. There are 121 mud volcanoes in the Sha-
makhi-Gobustan region (Aliyev et al., 2015).
Climatically, the areas where the Gyzmeidan
mud volcano is located are characterized by a
moderately warm climate with dry summers.
The average annual precipitation is 400-600

Figure 1. Site localization of Gyzmeidan mud volcano

Itis located upon the upper Cretaceous sed-
iments and is confined to the northern slope
of the anticline bearing the same name, which
is complicated by two longitudinal thrust-type
dislocations. The mud volcanic breccia area
covers 345 hectares, with an average thickness

Figure 2. Terrain of the study area

www.botanic.az 28

mm, the absolute maximum air temperature is
+38°C, and the absolute minimum is —=23°C. The
annual solar radiation duration is 2000—-2200
hours, with a total distribution of 124-128 kcal/
cm? (Mamedov et al., 2010).

The relief of mud volcanoes is significant-
ly shaped by erosion processes, leading to the
formation of barrancos. These depressions, lo-
cated in the lower parts of the volcano, gradu-
ally widen and deepen, eventually transforming
into deep gorges (Aliyev et al., 2019).

The Gyzmeidan volcano is located 4-5 km
northwest of the village of the same name in the
Shamakhi district (40°30°07.0” N, 49°16'2.73"”
E) (Figure 1). It is a slightly convex mud volcanic
field, approximately 1 km in diameter, resem-
bling a hummock with a relative height of 20 m,
dissected by gorges and scours.

of 25 m (Abbasov et al., 2015) (Figure 2). Over
the last 200 years, the Gyzmeidan mud volcano
has erupted twice, in 1987 and 2011 (Aliyev et
al., 2019).
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The Methods of Research

Geobotanical descriptions were conducted
from April to September during 2018-2023 us-
ing the linear transect method. Life forms were
classified based on ecological and morphologi-
cal characteristics according to I.G. Serebryakov
and C. Raunkiaer (Raunkiaer, 1937). The ecolog-
ical analysis of plants followed the methodolo-
gy of A.P. Shennikov (1964). Plant groups were
categorized by root system depth as described
by I.N. Beidaman (1954).

The new taxonomic status of species was
determined using nomenclature provided by
the WFO Plant List database. The coordinates of
test plots, transects, and altitudes were record-
ed using a GPS Garmin IIl Plus device. Distribu-
tion maps of the research objects were created
using the ArcGIS 10.5 software.

Results and Discussion

The flora of vascular plants on the Gyz-
meidan mud volcano consists of 33 families,
81 genera, and 90 species of higher plants
(Table 1). Among all studied mud volcanoes,
Gyzmeidan exhibits the highest plant species
diversity, attributed to its favorable climatic
conditions (Isayeva, 2022; Isayeva et al., 2022).

The largest representation among plant
families is observed in Asteraceae (Giseke) with
14 species (16%), followed by Poaceae (Barn-
hart) with 8 species (9%), Rosaceae (Juss.) with
7 species (8%), and Fabaceae (Juss.) with 6
species (7%). Notably, three rare species were
identified: Pyrus salicifolia Pall., Ophrys oestrif-
era M. Bieb., and Rosa pulverulenta M. Bieb.

The condition of these rare plant species
was evaluated at the population-ontogenetic
level (Isayeva, 2022).

Table 1

List of species distributed in the area adjacent to the Gyzmeidan volcano

Ne Name of genera Name of species Life forms Ecological group
1 2 3 4 5
I. Amaryllidaceae Juss.
1 | Allium L. A. rubellum M. Bieb. | Perennial /Cr | mezophyte/ombrophyte
II.  Apiaceae Lindl
2 |Carum L. C. carvi L. Biennial /Hcr mezophyte/ombrophyte
3 | Turgenia Hoffm. T latifolia Hoffm. Annual/T mezophyte/ombrophyte
1118 Asparagaceae Juss.
Muscari Miller M. neglectum Guss. ex Ten. Perennial /Cr mezophyte/
4
trichohydrophyte
Ornithogalum L. 0. pyrenaicum L. Perennial /Cr mezophyte/
5 trichohydrophyte
O. sintenisii Freyn Perennial /Cr mezophyte/
trichohydrophyte
IV.  Asteraceae Giseke
6 |Achillea L. A. millefolium L. Perennial /Cr |xeromezophyte/ombrophyte
7 Anthemis L. A. candidissima Willd. ex Spreng. Annual/T mezophyte/ombrophyte
A. fruticulosa M. Bieb. Perennial/Hcr | mezophyte/ombrophyte
8 | Artemisia L. A. alpina Pall.ex Willd. Perennial/Hcr | xerophyte /phreatophyte
9 | Carthamus L. C. oxyacantha M. Bieb. Annual/T |xeromezophyte/ombrophyte
10 | Centaurea L. C. solstitialis L. Annual/T |xeromezophyte/ombrophyte
11 |Filago Loefl. ex L. E arvensis L. Annual/T mezophyte/ombrophyte
12 | jnula L I aspera Poir. Perennial /Cr mezophyte/ombrophyte
Jurinea Cass. J. arachnoidea Bunge Perennial /Hcr mezophyte/
13
trichohydrophyte
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14 | Pilosella Hill Pilosella bauhinia (Schult.) Arv. -Touv Annual/T mezophyte/ombrophyte
15 | Psephellus L. P. hymenolepis (Trautv.) Boiss. Perennial/Hcr mezophyte/
trichohydrophyte
16 | Tragopogon L. T. graminifolius DC. Perennial/Hcr | mezophyte/ombrophyte
T pusillus M. Bieb. Perennial/Hcr | mezophyte/ombrophyte
17 | Xeranthemum L. X. cylindraceum Sm. Annual/T mezophyte/ombrophyte
V. Berberidaceae Juss.
18 | Berberis L. B. vulgaris L. | Shrub/Ph | mezophyte/phreatophyte
VI Boraginaceae Juss.
19 | Lappula Moench L. barbata Gurke Annual/T mezophyte/ombrophyte
20 | Myosotis L. M. arvensis Hill Annual/T mezophyte/ombrophyte
21 | Arabis L. A. hirsuta (L.) Scop. Biennial /Hcr mezophyte/ombrophyte
22 | Capsella Medik. C. bursa-pastoris Medik. Annual/T mezophyte/ombrophyte
VIL Brassicaceae Burnett
23 | Lepidium L. L. campestre (L.) W.T.Aiton Annual/T xeromezophyte/
ombrophyte
L. draba L. Perennial /Hcr xeromezophyte/
trichohydrophyte
L. perfoliatum L. Annual/T xeromezophyte/
ombrophyte
24 | Noccaea Moench N. perfoliate (L.) Al-Shehbaz Annual/T mezophyte/ombrophyte
25 | Rapistrum Crantz R. rugosum (L.) AllL Annual/T xeromezophyte/
ombrophyte
VIIL. Campanulaceae Juss.
26 | Campanula L. C. sibirica L. | Biennial /Hcr | mezophyte/ombrophyte
IX. Caprifoliaceae Juss.
27 | Lonicera L. L. iberica M. Bieb. Shrub/Ph xeromezophyte/
phreatophyte
28 | Scabiosa L. S. columbaria L. Perennial /Cr mezophyte/ombrophyte
X. Caryophyllaceae Juss.
29 | Cerastium L. C. pumilum Curtis Annual/T mezophyte/ombrophyte
30 | Petrorhagia Link P, prolifera (L.) PW.Ball& Heywood Annual/T mezophyte/ombrophyte
31 | Silene L. S. conica L. Annual/T mezophyte/ombrophyte
XI. Cistaceae Juss.
32 | Fumana Spach E procumbens Gren. &Godr. Semishrub/Ch | mezophyte/ombrophyte
33 | Helianthemum Mill. | H. salicifolium (L.) Mill. Annual/T mezophyte/ombrophyte
XIL Colchicaceae DC.
34 | Colchicum L. C. trigynum (Adams) Stearn Perennial /Cr mezophyte/
trichohydrophyte
XIIIL. Convolvulaceae Juss.
35 | Convolvulus L. C. lineatus L. Perennial /Cr mezoxerophyte/
ombrophyte
XIV. Cupressaceae Gray
36 | Juniperus L. J. communis var. saxatilis Pall. Shrub/Ph mezoxerophyte/
phreatophyte
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XV. Euphorbiaceae Juss.
37 | Euphorbia L. E. seguieriana Neck. Perennial/Hcr mezoxerophyte/
trichohydrophyte
XVIL. Fabaceae]Juss.
38 | Astragalus L. A. bungeanus Boiss Perennial /Hcr xeromezophyte/
trichohydrophyte
A. caucasicus Pall. Shrub/Ph xeromezophyte/
phreatophyte
39 | Hedysarum L. H. sericatum Kitam. Perennial /Hcr mezophyte/ombrophyte
40 | Lotus L. L. tenuis Waldst.& Kit. Perennial /Cr mezophyte/ombrophyte
41 | Medicago L. M. minima (L.) L. Annual/T mezophyte/ombrophyte
42 | Onobrychis Mill 0. viciifolia Scop. Perennial/Hcr mezophyte/
trichohydrophyte
XVII.  Geraniaceae Juss.
43 | Erodium L'Hér. | E. cicutarium (L.) LUHér. | Annual/T | mezophyte/ombrophyte
XVIII. Hypericaceae Juss.
44 | Hypericum Tourn. ex L. | H. linarioides Bosse | Perennial /Hcr | mezophyte/ombrophyte
XIX. Juncaceae Juss.
45 | Juncus L. J. articulates L. Perennial /Cr xeromezophyte/
ombrophyte
XX. Lamiaceae Martinov
45 | Ajuga L. A. genevensis L. Perennial /Hcr xeromezophyte/
ombrophyte
46 | Lamium L. L. amplexicaule L. Annual/T mezophyte/ombrophyte
47 | Salvia L. S. verbascifolia M.Bieb. Perennial/Hcr xeromezophyte/
ombrophyte
48 | Scutellaria L. S. orientalis L. Dw. semishrub/ xeromezophyte/
Ch ombrophyte
49 | Teucrium L. T polium L. Perennial /Hcr mezophyte/
trichohydrophyte
50 | Thymus L. T praecox subs. caucasicus (Ron.) Jalas | Dw. semishrub/ xeromezophyte/
Ch ombrophyte
XXI. Linaceae DC. ex Perleb
51 | Linum L. L. austriacum L. Annual/T mezophyte/ombrophyte
L. corymbulosum Rchb. Annual/T mezophyte/ombrophyte
L. tenuifolium L. Perennial /Cr mezophyte/ombrophyte
XXII.  Orchidaceae Juss.
52 | Anacamptis Rich. A. pyramidalis (L.) Rich. Perennial/Cr mezophyte/
trichohydrophyte
53 | Ophrys L. 0. oestrifera M. Bieb. Perennial/Cr mezophyte/
trichohydrophyte
XXIII. Orobanchaceae Vent.
54 | Pedicularis L. P. condensate M. Bieb. Perennial /Hcr xeromezophyte/
trichohydrophyte
XXIV.  Papaveraceae Juss.
55 | Fumaria L. E parviflora Lam. Annual/T xeromezophyte/
ombrophyte

31

www.botanic.az




Acta Botanica Caucasica

Volume 3, No 3, 2024

Ne Name of genera Name of species Life forms Ecological group
56 | Papaver L. P. macrostomum Boiss. & A.Huet. Annual/T mezophyte/ombrophyte
XXV. Plantaginaceae Juss.
57 | Veronica L. V. polita Fr. | Annual/T | mezophyte/ombrophyte
XXVI. Poaceae Barnhart
58 | Briza L. B. media L. Perennial /Hcr mezophyte/ombrophyte
59 | Bromus L. B. japonicus Houtt. Annual/T mezophyte/ombrophyte
60 | Dactylis L. D. glomerata L. Perennial /Cr xeromezo]f]hyte/
ombrop
61 | Festuca L. F ovina L. Perennial/Hcr xeromezo;l)lhyte/
ombrophyt
62 | Hordeum L. H. brevisubulatum (Trin.) Link Perennial/Hcr xeromeZO%hWe/
ombrophyte
63 | Lolium L. L. rigidum Gaudin Annual/T xeromezo]ﬂhyte/
ombrophyte
64 | Poa L. P. bulbosa L. Perennial/Hcr mezophyte/ombrophyte
65 | Stipa L. S. pulcherrima K. Koch Perennial /Hcr xeromezophyte/
ombrophyte
XXVIIL. Polygalaceae Hoffmanns. & Link
66 | Polygala L. | P, anatolica Boiss. &Heldr. | Perennial /Hcr | mezophyte/ombrophyte
XXVIII. Primulaceae Batsch ex Borkh.
67 | Primula L. | P, veris L. | Perennial/Hcr | mezophyte/ombrophyte
XXIX. Ranunculaceae Juss.
68 | Adonis L. A. aestivalis L. Annual/T mezophyte/ombrophyte
69 | Delphinium L. D. ajacis L. Annual/T mezophyte/ombrophyte
70 | Ranunculus L. R. repens L. Perennial /Cr mezophyte/ombrophyte
71 | Thalictrum L. Th. simplex L. Perennial /Hcr mezophyte/ombrophyte
XXX.  Rosaceae Juss.
72 | Cotoneaster Medik. C. integerrimus Medik. Shrub/Ph xeromezophyte/
phreatophyte
73 | Filipendula Mill. E vulgaris Moench Perennial /Cr mezophyte/ombrophyte
74 | Potentilla L. P recta L. Perennial /Cr mezophyte/
trichohydrophyte
75 | Pyrus L. P. caucasica Fed. Tree/Ph xeromezophyte/
phreatophyte
P, salicifolia Pall. Tree/Ph xeromezophyte/
phreatophyte
76 | Rosa L. R. pulverulenta M.Bieb. Dw. shrub/Ch xeromezophyte/
phreatophyte
77 | Sanguisorba L. S. officinalis L. Perennial/Hcr mezophyte/
trichohydrophyte
XXXI. Rubiaceae Juss.
78 | Galium L. | G. verum L. | Perennial/Hcr | mezophyte/ombrophyte
XXXII. Thymelaeaceae Juss.
79 | Daphne L. D. caucasica Pall. Shrub/Ph xeromezophyte/
phreatophyte
XXXIII. Violaceae Batsch.
80 | Viola L. V. arvensis Murray | Annual/T | mezophyte/ombrophyte

Note: Dw. — dwarf, Ch - chamaephytes, Ph — phanerophytes, T — therophytes, Hcr — hemicryptophytes, Cr -

cryptophytes
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The results of the analysis of life forms (Ta-
ble 1) showed that annual herbaceous plants
accounted for 31 species, perennial plants for
44 species, biennials for 3 species, shrubs for
6 species, and semi-shrubs for 1 species. Trees
were represented by two species, while dwarf
shrubs and dwarf semi-shrubs were represent-
ed by one and two species, respectively.

According to Raunkiaer’s system of

classification, the flora of the Gyzmeidan mud
volcano includes 31 species (35%) of thero-
phytes, 29 species (32%) of hemicryptophytes,
and 18 species (20%) of cryptophytes. The
proportion of perennial woody species (pha-
nerophytes) recorded in the Gyzmeidan mud
volcano is 8 species (9%), while chamaephytes
account for 4 species (4%) (Figure 3).

Figure 3. Biomorphological spectrum of life forms in the flora of the Gyzmeidan mud volcano based on C.

Raunkiaer’s classification.

Bioecological analysis of the conformity of
plants concerning their impact on the moisture
regime showed that the mesophyte group is
primarily distributed and dominates the flo-
ra of the Gyzmeidan mud volcano, accounting
for 59 species (more than 60%) (Figure 4). The

spectrum of ecological groups indicates that xe-
romezophytes are represented by 27 species,
mesoxerophytes by 3 species, and xerophytes
by 1 species.

Figure 4. Spectrum of ecological groups in the flora of mud volcano Gyzmeidan in relation to hydration

Based on the method of obtaining moisture
from soil horizons (Figure 5), two principal eco-
logical groups were identified. The first group
includes species with root systems confined
to the 0—-10 cm soil horizon, enabling them to

absorb moisture directly from precipitation.
The second group comprises plants with deep
root systems extending into lower soil horizons,
allowing them to access moisture from ground-
water reserves. The dominant group consists of
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ombrophytes, predominantly therophytes (an-
nual plants) and ephemeral-ephemeride com-
munities characteristic of mud volcano ecosys-
tems. Conversely, the phreatophyte group is
composed of structure-forming and dominant
plants, primarily representatives of saltwort
vegetation.

The distribution of species by root system
types is as follows:

Ombrophytes: These plants possess shallow
root systems confined to the soil’s surface layer,

relying on precipitation for moisture. They ac-
count for 64 species.

Phreatophytes: This group is characterized
by thick roots capable of tapping directly into
groundwater, representing 10 species.

Trichohydrophytes: Species in this catego-
ry have complex root systems that penetrate
deeply into the soil and utilize capillary action
to absorb groundwater. They are represented
by 16 species (Figure. 5).

Figure 5. Spectrum of ecological groups in the flora of the mud volcano based on root system depth and

moisture absorption from soil horizons.

Conclusion

For the first time, the taxonomic composi-
tion of the Gyzmeidan mud volcano in the Sha-
makhi-Gobustan region has been comprehen-
sively studied, revealing a total of 90 species
belonging to 81 genera and 33 families. Among
these, the family Asteraceae (Giseke) plays a
dominant role, comprising 14 species and 12
genera.

The study also found that the abundance
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Abstract. Fungal diseases have emerged as one of the most critical challenges in viticulture,
significantly reducing grape yield and quality. Among these, downy mildew, caused by the fungus
Plasmopara viticola (Berk. & Berl. & de Toni), poses a severe threat to global grapevine (Vitis vinifera
L.) production, leading to substantial crop losses. The disease not only limits grapevine growth but
also negatively affects the quality of harvested grapes, thereby impacting wine and table grape
industries.

This study aimed to evaluate the resistance of grapevine genotypes to downy mildew through a natural
field survey. Resistance assessments were conducted using the method developed by H.M. Shikhlinsky
(2016) and a refined 5-point scale (as described by Naydenova & Nedov, 1985). To ensure result
accuracy, infected leaf samples from each genotype were microscopically examined, and pathogen
identification was confirmed following Benkena’s methodology (1963). Data obtained from field trials
were subjected to Cluster Analysis to classify the genotypes based on their resistance levels.

The analysis revealed that 3 genotypes were highly resistant, 21 were resistant, 10 were tolerant,
5 were susceptible, and 1 was highly susceptible. Notably, the genotypes Sahibi, Gulabi, and
Tulkuquyrugu were categorized as highly resistant, indicating their potential as valuable candidates
for breeding programs aimed at enhancing resistance to P. viticola. The study underscores the
importance of utilizing highly resistant and resistant genotypes in grapevine breeding initiatives to
mitigate the economic and agricultural impacts of downy mildew.

Keywords: Vitis vinifera L., downy mildew, Plasmopara viticola, genotype, resistance

Introduction evaluating the resistance of local grapevine

Azerbaijan is one of the centers of origin for
grapevine (Vitis vinifera). As a result of many
years of selection work carried out on this plant
in our country, a large number of grape variet-
ies and forms have been developed. One of
the priority issues in the development of viticul-
ture, which is one of the main sectors of the na-
tional economy, is the creation of disease-resis-
tant and productive grape varieties and forms
for more intensive development. In this regard,
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varieties and forms to major diseases encoun-
tered in field conditions, researching resistance
genes at the molecular level, and identifying
new markers associated with diseases have
great theoretical and practical significance.
Enriching the variety composition of vine-
yards, replacing low-yielding and poor-quality
grape varieties with new, more productive and
high-quality ones, efficiently and sustainably
utilizing the genetic resources of grapevine,
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and increasing the production of grapes and
their processed products in the country are of
great importance in terms of food security and
the overall development of viticulture in the re-
public (Salimov et al., 2022).

Inrecent years, fungal diseases have become
one of the most significant issues in grape fields,
particularly in newly established vineyards and
nurseries, where they infect the crops, reducing
both yield and quality. The pathogens of fun-
gal diseases limit grapevine growth and cause
substantial yield loss. Currently, the key chal-
lenge in agriculture is the protection of crops
from diseases and pests in order to increase
productivity and improve quality (Shikhlinski et
al., 2019). The damage and losses caused to ag-
ricultural crops by phytopathogenic organisms
are excessively high (Wilcox et al., 2015).

One of the most widespread and danger-
ous diseases of grapevine worldwide is downy
mildew, which is caused by the fungus Plasmo-
para viticola Berk. & Berl. & de Toni (Macidi et
al., 2019; Feng et al., 2018). The disease is also
referred to as false powdery mildew or per-
onosporosis. It parasitizes living plant tissues
to survive. The disease develops in almost all
grape-growing regions, but it is not observed in
areas with dry and hot climates. It affects the
green organs of the vine throughout the entire
vegetation period (Shikhlinski et al., 2019; Shi-
khlinski et al., 2014). On the upper surface of
the infected leaf, yellow, oily spots, which differ
from healthy tissue, appear. These spots range
in size from very small to 4-5 cm in diameter
and are usually located at the tip of the leaf
blade (Macidi et al., 2019; Sharifov et al., 2013).

Plant disease assessment can be based on
two indicators: disease incidence and disease
severity. Disease incidence is expressed as the
proportion of diseased plant units in a defined
population or sample. Disease severity refers
to the percentage of the plant exhibiting visible
disease symptoms or sporulation (Madden et
al., 2017).

To conduct disease assessment, experts
with appropriate knowledge and experience
should be selected (Mokhtar et al., 2015). Tra-
ditional phenotyping methods primarily rely on
visual evaluation of disease symptoms on grape

leaves and bunches or sporulation in artificial-
ly inoculated leaves. During visual assessment,
the degree of disease symptoms or sporulation
is assigned a value based on the impression
perceived by the human eye.

During the evaluation process, highly resis-
tant and responsive samples are selected from
the tested specimens, after which, through
intra-species and inter-species crosses, it be-
comes possible to obtain new, high-quality
grape varieties that are resistant to diseases
and pests.

Materials and Methods

The resistance of grape varieties and forms
to downy mildew disease was assessed us-
ing the method developed by H.M. Shikhlins-
ki (2016) and the 5-point scale improved by
Naydenova and Nedov (1985). The phytopatho-
logical evaluation of grapevines was conducted
under natural conditions.

During the phytopathological evaluation of
grape clusters infected with downy mildew in
natural conditions:

e 0 points: No damage observed on the

clusters.

e 1 point: Aslight bluish coating observed
on individual berries.

e points: Infection of the berries in the
clusters ranges from 1% to 10%.

e points: Infection of the berries in the
clusters ranges from 10% to 30%.

e points: Infection of the berries in the
clusters ranges from 30% to 50%, with
visible damage on the berries.

e points: Infection of the berries in the
clusters exceeds 50%, with cracks and
visible damage on the berries.

The evaluation results of the studied sam-
ples were grouped using Cluster Analysis. This
analysis allows for the visual grouping of gen-
otypes. Cluster analysis was performed using
the UPGMA method and the Euclidean distance
index in the PAST statistical software package.

During the evaluation conducted under
natural conditions, in addition to observing
the characteristic symptoms of downy mildew
disease on the grapevine clusters and leaves,
samples were examined under a microscope to
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confirm that the disease was indeed caused by
Plasmopara viticola (Berk. & Berl. & de Toni).
Fungal diseases in plants are numerous and
diverse. Systematic microscopy, the use of a
humid chamber, isolating the pathogen into a
pure environment, and sometimes inoculating
the host plant are generally accepted methods
for making an accurate diagnosis of the disease
(Agayev et al., 2017).

The advantage of studying fungi in humid
chambers is that it allows observation of the
fungus in its intact state, with all its character-
istic features, especially the conidiophores of

hyphomycete fungi and the pattern of conidia
distribution on them (whether singly, in chains,
or in heads).

To ensure the accuracy of the evaluation
results, a sample of infected leaves was taken
from each specimen, and the pathogen was
observed under a microscope. For this, the
method developed by Benkena (1963) was
used (Agayev et al., 2017). Experiments in hu-
mid chambers were conducted on fresh, newly
collected samples because, over time, they lose
their viability.

Figure 1. Microscopic structure of Plasmopara viticola (Berk. & Berl. & de Toni) fungal spores.

The fungal spore formation was studied by
placing collected samples in a humid chamber.
Small tissue fragments (3—10 pieces, depend-
ing on the specimen) were placed evenly at the
bottom of Petri dishes, ensuring they did not
touch each other and were positioned at least
1 cm from the chamber’s side walls. For tissue
samples from leaf spots, the infected fragments
ranged from 2 to 5 mm in diameter.

Sterilization was essential to remove exter-
nal microflora from the tissue particles. The
samples were treated with 50% alcohol for 1-2
minutes and then sequentially rinsed with ster-
ile water. To set up the humid chamber, filter
paper moistened with sterile water was placed
in Petri and Koch dishes. Additional sterile wa-
ter was added to the bottom of the dishes, and
the filter paper on the chamber lid was moist-
ened as needed.

Observations were conducted at inter-
vals of 24, 48, and 72 hours. After 28 hours,
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characteristic spore-bearing structures and uni-
cellular, colorless conidia heads of Plasmopa-
ra viticola were observed on the edges of the
leaf tissue, forming a mildew-like appearance.
These structures were clearly visible under the
microscope (Figure 1). The presence of these
features confirmed that the causative agent of
the disease was Plasmopara viticola (Wikipe-
dia, n.d.).

Results and Discussion

Phytopathological evaluation of the sus-
ceptibility of 40 grapevine varieties and forms
to Plasmopara viticola (Berk. & Berl. & de Toni)
was conducted under natural field conditions at
the Absheron Research Base. The evaluation re-
vealed significant differences in resistance lev-
els among the studied grapevine varieties. The
detailed resistance levels for clusters and leaves
are presented in Table 1.
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Table 1.
Resistance levels of grapevine varieties to Plasmopara viticola
(Berk. & Berl. & de Toni)
Ne Name of the Resistance in Resistance | Ne | Name of the Resistance Resistance
Grape Variety the Cluster in the Leaf Grape Variety | in the Clus- in the Leaf
(points) (points) ter (points) (points)
Shafeyi 2 2 21 | Zalxa 4 4
Dagh uzumu 2 2 22 | Danagozu 4 4
Sar1 kishmish 5 5 23 | Gara uzum 3 3
Naxchivan Mahmudu
4 | Hafizali 2 2 24 | Gara kishmish 4 4
Nakhchivan
5 | Tulkuquyrughu 1 1 25 | Gara kishmish 4 4
6 | Qara kurdashi 2 2 26 | Agh gulabi 4 4
7 | Agh kalambir 2 2 27 | Nabi uzum 3 3
8 | Khazani 2 2 28 | Gahvayi 2 2
kishmish
9 | Gara honagirna 2 2 29 | Goch uzumu 2 2
10 | Sahibi 1 1 30 | Badamli 2 2
11 | Gulabi 1 1 31 | Inak amcayi 2 3
12 | Asgari 2 2 32 | Tabarza 2 2
13 | Agh huseyni 2 2 33 | Sari shafeyi 2 2
14 | Tezyetishan 2 2 34 | Nargizi 3 3
tumsuz
15 | Agh sham 3 3 35 | Davachi 2 2
halmasi
16 | Sarigila 3 36 | Tozlayici
17 | Gara Nakhchivan 3 3 37 | Gush urayi 2 2
khatunu
18 | Malahati 3 3 38 | Shamakhi 2 2
marandisi
19 | Farashi 3 3 39 | Aghadayii 3 3
20 | Girmizi kishmish 3 3 40 | Khindogni 2 2

The Absheron Scientific Research Base, sit-
uated on the Absheron Peninsula, experiences
a hot and dry climate. In this region, signs of
downy mildew disease (Plasmopara viticola)
are predominantly observed during the spring

temperatures and

and spread of the

and early summer when conditions are more

favorable for the pathogen’s development.
However, as the season progresses, increasing

low humidity create an unfa-

vorable environment, halting the development

disease.

Table 2.

Phytopathological assessment of downy mildew resistance

Infection Rates | Resistance Score [ Downy Mildew (Leaf) Downy Mildew (Cluster)
Highly resistant 1.0-1.5 3 3
Resistant 2.0-25 21 21
Tolerant 3.0-35 10 10
Unstable 4.0-4.5 5 5
\ery unstable 5.0 1 1
Total - 40 40

39
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As seen in the table, a phytopathological as-
sessment of downy mildew disease (on leaves
and clusters) was conducted under natural
conditions. As a result of the evaluation of the
grape clusters, 3 varieties were classified as
highly resistant, 21 as resistant, 10 as tolerant,
5 as susceptible, and 1 as highly susceptible.

The research findings indicate that among
the varieties, only one showed a highly sus-
ceptible reaction to the main fungal diseas-
es. This can be explained by the fact that the

development and spread of the pathogen were
hindered due to unfavorable conditions on the
Absheron Peninsula. Specifically, there was in-
sufficient humidity for the pathogen’s develop-
ment and spread. A sufficient level of relative
humidity is essential for the growth and dis-
semination of these fungi.

Cluster analysis: The cluster analysis was
performed using the PAST statistical software
package, based on the UPGMA method and the
Euclidean distance index (Figure 2).

Figure 2. Dendrogram constructed based on Euclidean distance.

It is well-known that cluster analysis is an
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important method used to reveal the similarities
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and differences between genotypes. In our
study, the genotypes under investigation
grouped into five main clusters based on the
examined characteristics, as shown in the den-
drogram. As mentioned earlier, the cluster anal-
ysis visually shows that the evaluated grape
genotypes have clustered into five main groups
based on their infection levels.

In the first cluster, five varieties, which were
rated 4, were categorized as susceptible. The
second cluster contained one variety, rated
5, classified as highly susceptible. In the third
cluster, ten varieties, rated 3, were categorized
as tolerant. The fourth cluster contained twen-
ty-one varieties, rated 2, which were consid-
ered resistant. Finally, the fifth cluster includ-
ed three varieties, rated 1, classified as highly
resistant. Among the samples, the genotypes
Sahibi, Gulabi, and Tulkuguyrugu were rated as
highly resistant.

The selection of resistant grape varieties
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Abstract. This study was carried out during 2007 and 2018 . The aim was to report the vegetation of
swamps of Azerbaijan. A total of 95 plant associations. We recorded 33 pure aquatic associations,
13 wet grass associations, 8 aquatic forest associations and 16 hydrohalophyte associations. There
are 24 plant associations in coastal water-swamp habitats. These associations are; Phragmitetum
communis, Typho angusfiliae-Phragmitetum communis, Scirpo-Phragmitetum communis, Typhetum
angistifolia, Typhetum latifoliae, Potamogetono-Typhetum domingensis, Scipetum lacustris,
Potamogeton -Schoenoplectetum litoralis, Butomo- Eleocharitetum palustris, Cladio-Schoenetum
lacustris ass. nova, Scirpetum marittimi, Triglochino-Bolboschoenetum maritimi, Sparganietum
poluedrum ass. nova, Butometum umbellati, Caricetum dilutae ass. nova, Caricetum vasicariae,
Typhetum angustifoliae ass. nova, Schoenoplectetum litoralis ass. nova, Calamagrostisatum
epigejosae ass. nova, Hippurisetum vulgarisae ass. nova, Caricetum ripariae ass. nova, Cyperetum
pseudocyperae ass. nova, Heleocharetum iupalustrisi ass. nova, Heleocharetum euuniglumisi ass.
nova. troops. Out of these 13 associations have already been reported, and 11 are newly described
associations for the aquatic vegetation of Azerbaijan.

Keywords: Habitat, associations, vegetation. Water-Swamps, Azerbaijan.

Introduction

Much work has been done and published
on the aquatic ecosystems lately ( Altay et al.,
2024). The classification of aquatic plant asso-
ciations in the world too are attracting much
attention due to their importance in the era
of climate change (Yucel et al.,1995). All these
studies have enlightened the fact that these
habitats are rich in plant diversity (Rivaz-Mar-
tinez, S., Gonzales, et al. (2001). Dubnya (2006)
and Mucina., Bliltmann et al. (2016). Earlier Ali-
yev (1969), Babayev (1974), Efandiyeva (1989),
Musayev (2010) and others have studied the
water-swamp plants of Azerbaijan. Accord-
ing to the habitat diversity the plant cover on
the habitats around rivers, streams and water

channels shows 312 taxa which is richer than
swamps with only 160 taxa. In all 127 taxa are
found in the calm, slow-flowing waters and 114
taxa in saline lakes and alongside seashores (At-
amo and Musayev,2018).

Atamov (2008) has reported that Hydroha-
lophytes are common in the coastal areas of the
Caspian Sea. In water-marsh vegetation, crypto-
phytes, hemicryptophytes and therophytes are
dominant in number and are among the charac-
teristic features of this vegetation. These types
of plants easily adapt to the water-swamp envi-
ronment and can easily reproduce on such hab-
itats. Some of the aquatic plants with rhizomes
and perennial herbaceous stems grow easily
in saline lakes and swamps, others flourish in
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freshwater lakes and swamps. The distinctive
and dominant species of these types of plants
sometimes form pure and sometimes mixed
associations.

The coastal water-swamp ecosystems have
been investigated at length, but the methods
valid in the world have not been used in the
classification of vegetation, especially based on
the principle of dominance, without taking into
account habitats, phytocenological structure of
vegetation and ecological conditions.

The floristic and phytosociological charac-
teristics of the communities within the borders
of Azerbaijan can be outlined as; aquatic plant
associations, aquatic forest associations and
plant associations of halophytic aquatic areas
(Grossgeym, 1948; Aliyev, 1969; Prilipko, 1970,
Babayev, 1974; Efendiyeva, 1989; Saksuvarov,
1994; Haciyev, 1992; Haciyev, Mailov et al.
1993; Talibov, Ibrahimov 2008; Musayev, 2010;
Musayev, Atamov, 2015, 2017, 2018; Gurbanoy,
Huseynova, 2019).

Our aim in this study was to investigate the
floristic and phytosociological characteristics of
plant associations belonging to coastal water
marsh habitats.

Maretials and Methods

Field studies were carried out between 2007
and 2018 in the lakes and swamps located in the
plain and mountainous regions of Azerbaijan,
in seaside areas, especially in Lankaran plain
(Great and Small Kizilaga¢ Gulf), Samur Deveci
plain (Devechi Port), Candar Lake and plains
and plains of Nakhchivan. The mountainous
parts included: Batabat lake, Araz deryacasi,
Goy-gol lake in Ordubad land. The plant spec-
imens were collected during different vegeta-
tion perio and identification was done follow-
ing the 8-volumes on the «Flora of Azerbaijan»
(Karyagin, 1961). These plant specimens were

deposited in the Herbarium of the Laboratory
of Botany Institute of the Azerbaijan National
Academy of Sciences. Life forms of plants were
given according to the Raunkier (1934) system.
The phytosociological characteristics of plant
associations and presentation of vegetation ta-
bles was given according to the «smallest area»
principle method (Braun-Blanquet 1964). The
syntaxonomic naming of the associations was
followed according to Weber et al., (2000).

Results and Discussion

The water-swamp vegetation of Azerbaijan
was investigated for the first time according
to the Braun-Blanquet (1964) method and the
syntaxonomic evaluation done.We found 19
plant associations in aquatic habitats (Musayev,
Atamov 2020), 8 in submerged oak associations
(Atamov, Musayev, 2017), and 16 plant associ-
ations in aquatic hydrohalophyte habitats (At-
amov, Musayev, 2020). The plant associations
widely distributed in the coastal marsh habitats
of Azerbaijan were classified for the first time
according to their phytosociological character-
istics following Braun-Blanquet method, and
new plant associations were determined. These
associations are distributed in rivers, lakes and
swamps, and in places with low water depth.
The lower parts of the stems of these plants,
known as helophyte plants, are located in soil
that is always or seasonally under water, com-
monly known as swamps. These plants have a
developed root system and therefore grow eas-
ily on such habitats.

Various associations belonging to this class
are spread over large areas in our study area
(Figure 1). It was not possible to set an exact
boundary between these units, because most
of the taxa participating in the formation of the
unit are common species, it is also possible to
see that they migrate to other units.

Figure 1. Some characteristic taxa participating in the phytocenological structure of coastal water-swamp
plant associations: a. Phragmites communis, b. Arundo donax, c. Numphae alba, d. Lythrum salicaria,

e. Alisma plantago-aquatica
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1. Phragmitetum communis (Gams 1927)
Schmale 1929

This association is found in all regions of
Azerbaijan. The water depth varies between
0-150 (350) cm, the cover between (10) 50-100
percent, number of taxa varies between 2-8
depending on the environmental conditions.
Among the associate taxa: Phragmites commu-
nis, Schoenoplectus litoralis, Typha domingens,

Bolboschoenus maritimus var. maritimus,
Spirodela polyrhiza, Lemna trisulca, Potamoge-
ton perfoliatus, Ceratophyllum demersum,
Typha angustifolia, Sparganium erectum, Sag-
ittaria sagitifolia, Alisma lanceolatum, Cyperus
longus, are the taxa participating in the plant
cover and phytocenological structure of this as-
sociation (Table 1).

Table 1.

Phytocenological characteristics of the Phragmitetum communis (Gams 1927) Schmale 1929,
Thypa angustifoliae-Phragmitetum communis R.Tx & Preis 1942, Phragmito-Menyantetum
trifoliatae Adigiizel et al. 2009, Scirpo-Phragmitetum communis \W.Koch 1926, Typhetum
angustifolia Pignatti 1953, Typhetum latifoliae (Soo 1927) Lang 1973 asssationos.

Sample area No 541 |542 |543 |544 |545 [546 |[547 |548 549 |550 |Life |Occurrence
Field width (m2) 25 25 25 25 |25 16 16 16 16 16 |form |class
Altitude (m) 100 |80 |80 100 |300 |500 |800 [1000 |150 |200
Inclination (%) 0 0 0 0 0 0 0 0 0 0
Weed height (cm) 25 128 124 |24 [20 (1,8 |23 |20 19 |24
Soil type B B B B B B B B B B
Number of species 9 10 10 8 8 9 15 13 13 12
Covering degree % 100 |85 80 95 100 [80 85 90 85 90

Character taxa of the association
Phragmites 44 |33 33 |44 |44 (33 33 33 33 33 |Hk |V
communis
Schoenoplectus + + + Hk |II
litoralis
Thypha angustata . . + Hk |I
Bolboshoenus . + + Hk |I
maritimus
Arundo donax + . . . + Hd |[I
Lemna trisulca . . . + + Hd |[I
Potamegaton + + Hd |I
perfoliatus
Sample area No 653 |654 |655 |656 [657 [658 (659 |660 661 (662
Thypa angustifolia 33 33 22 11 33 33 34 33 33 33 Hk [V
Vallisneria spiralis + . . + + Hd |[II
Sample area No 301 | 302 [ 303 | 304 | 305 | 306 | 307 | 308 | 309 | 310
Schoenoplectus 33 + 33 11 11 22 22 11 33 33 | Hk \%
lacustris ssp. lagustris
Phragmites +1 11 + 11 11 11 . + . + Hk I\Y
communis
Bolboschoenus . + . + + + + + Hk I
maritimus var.
maritimus
Sample area No 441 |442 |443 |444 |445 |446 (447 |448 449 (450
Menyanthes trifoliata | 55 55 55 54 55 54 | 44 44 54 | 44 | Hd \%
Phragmitescommunis | 44 | 22 . 33 33 33 33 33 33 33 | Hk Vv
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Sample area No 461 (462 |463 [464 |465 [466 |467 [468 |469 (470
Typha angustifolia 33 33 34 32 11 + 44 43 33 33 | Hk \%
Schoenoplectus A N I TR Y . + | + | Hk Il
lacusrtis
Sample area No 451 |452 |453 (454 |455 (456 |457 (458 459 |460
Typha latifolia 33 33 | 44 | 43 | 33 | 34 | 32 11 44 | 33 | Hk \Y%
Schoengp lectus + . . . + + 11 . . Hk 11
lagustris

Accompanying taxa
Ceratophyllum . + + Hd |I
demersum
Thypa angustifolia . . 11 + Hk |I
Spargonium erectum |. . . . + + Hk |I
Sagittaria sagitifolia |+ + Hk |I
Alisma lanceolatum |. . . + Hk |I
Cyperus longus . + + + Hk [III
Carex distans + Hk |I
Epilobium hirsutum |. . + + Hk |I
Lycopus europalus + Hk |I
Alisma plantago- + Hk |I
aquatica
Lemna gibba . . + . Hd |I
Typha angustifolia + . . + + + Hk |II
Agrostis stolonifera + + Hk |I
Ranunculus + + + Hk |II
ophioglossifolius
Alopecurus aegualis |. + + Hk |I
Polygonum + + Hk |I
lapathifolium

In figure 2a, the life forms of this union and
the results of the evaluations are shown, these
present the frequency of occurrence of the
types in the sample areas. In the phytoceno-
logical structure of this association, in which

hydrophytes and hemicryptophytes participate,
species show very different frequency of occur-
rence according to the sample areas. This can
be related to the chemical composition of the
water.

Figure 2. Evaluation of taxa participating in the phytosociological structure of some coastal swamp
plant associations according to life form and occurrence class. a. Phragmitetum communis, b. Thypa
angustifoliae-Phragmitetum communis, c. Phragmito-Menyantetum trifoliatae, d. Scirpo-Phragmitetum

communis, e. Typhetum angustifolia.
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2. Typho angustifoliae — Phragmitetum
communis R Tx Preis. 1942.

The troops can be seen in the swampy areas
of the plain in Samur-Davagi, Kur-Araz and Nax-
¢ivan. It is encountered with a phytocenological
structure with water depth varying between
0-150 cm, cover degree varying between 50-
100%, and cover size varying between 200-300
cm. The number of species participating in the
flora and phytoceneological structure of this
association varies between 1 and 5. Vallisner-
ia spiralis, Potamogeton perfoliatus, Schoeno-
plectus litoralis, Myriophyllum spicatum are the
characteristic species of the association (Table
1).

In Fig. 2(a), the life form of this union and the
results of the evaluations showing the frequen-
cy of occurrence of the types in the sample ar-
eas are given. In the phytocenological structure
of this association, in which hydrophytes and
hemicryptophytes participated, species with
very different frequency of occurrence were
encountered according to the sample areas,
and it was concluded that this was related to
the chemical composition of the soil and water
environment in which the association spread.

3. Phragmito-Menyantetum trifoliatae
Adigiizel et al. 2009

This association is found around the lakes
in the mountainous areas of Little Qafqaz and
Naxchivan (Lake Batabat). On the edges of Lake
Batabat, the species Menyanthes trifoliata and
Phragmites communis settle according to the
amount of sediment in the water, and it seems
that there is a clear root competition between
them as they choose similar places. Phragmites
communis is more common in places close to
the coast, where sandworms proliferate. As the
depth increases towards the middle part of the
lake, Menyathas trifoliata becomes dominant.
The flora composition of this association, which
has a general cover level of 80-90%, is consid-
ered superior because the character types are
superior. Other species other than the Carex
species have also been encountered (Table 1).

In the Figure 2(b), the life form of this union
and the results of the evaluations showing the
frequency of occurrence of the types in the
sample areas are given. In the phytocenological

structure of this association, in which hydro-
phytes and hemicryptophytes participated,
species with very different frequency of occur-
rence were encountered according to the sam-
ple areas, and it was concluded that this was
related to the chemical composition of the soil
and water environment in which the associa-
tion spread.

4. Scirpo-Phragmitetum communis W. Koch
1926.

It is a widely spread plant association and
spreads along the Khazar sea coasts. It is found
in areas where the lay cover is 60-100%, the
medium density is 200-300 cm, and the water
depth is 0-50 (300) cm. The flora of the asso-
ciation includes: Schoenoplectus lagustris, Bol-
boschoenus maritimus var. maritimus, in water
Nymphaea alba, Ceratophyllum demersum, Hy-
drocharis morsus-ranae, Sparganium erectum
ssp. neglectum, Potamogeton pectinatus and
Myriophyllum spicatum (Table 1).

In the Figure 2(c), the life form of this union
and the results of the evaluations showing the
frequency of occurrence of the types in the
sample areas are given. In the phytocenology
structure of this association, in which hydro-
phytes, therophytes and hemicryptophytes
participate, species with very different frequen-
cy of occurrence according to the sample areas
were encountered, and it was concluded that
this was related to the chemical composition of
the soil and water environment in which the as-
sociation spread.

5. Typhetum angustifolia Pignatti 1953.

Kur-Araz plain, Samur-Davagi and Alazan-Ey-
ricay valleys and Naxgivan are swampy and wa-
ter depth is 0-100(150) cm, lay cover is between
60-100%, cover size is 200-250(300) cm, taxon
number is 2 - It is encountered in the form of
units ranging from 9 to 9. In the flora of the as-
sociation: Potamogeton perfoliatus, Schoeno-
plectus lacustris, Sch. litoralis, Lemna minor, Bu-
tomus umbellata, Numphaea alba, Sparganium
erectum ssp. erectum, etc. The species partici-
pate in the phytoceneological structure of the
assocation (Table 1).

In the Figure 2(d), the life form of this union
and the results of the evaluations showing the
frequency of occurrence of the types in the
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sample areas are given. In the phytocenologi-
cal structure of this association, in which hy-
drophytes and hemicryptophytes participated,
species with very different frequency of occur-
rence were encountered according to the sam-
ple areas, and it was concluded that this was
related to the chemical composition of the soil
and water environment in which the associa-
tion spread.

6. Typhetum latifoliae (Soo 1927) Lang
1943.

Samur-Deveci plain, Kiir-Araz plain, Bozdag
swamps and places around the canal, where
the water depth is 10-50 cm, the cover level
varies between 60-100%, the cover structure is
150 cm, the number of taxa is 3-8. and basically;
Taxa Potamogeton pectinatus, Schoenoplectus

lagustris, Ceratophyllum demersum, Hydro-
charis morsus-ranae, Lythrum salicaria, Ludwi-
gia palustris, Polygonum amphibium, Paspali-
um paspaloides are encountered (Table 1).

In the Figure 2(e) the life form of this aso-
cation and the frequency of occurrence of its
types in the sample areas are shown. In this
association hydrophytes and hemicryptophytes
participate in general. In the phytocenology,
species with very different frequency of occur-
rence according to sample areas are encoun-
tered, the reason being chemical composition
of the land and water environment in which the
union spreads.

has been reached.

Figure 3. Evaluation of taxa participating in the phytosociological structure of some coastal swamp plant
associations according to life forms and occurrence classes: a. Typhetum latifoliae, b. Potanogetono-
Typhetum angistifolia c. Scirpetum lacustris, d. Potomogeton-Schoenoplectetum litoralis, e. Butomo-
Helecharitetum vulgaris, f. Schoenetum lacustris, o. Scirpetum silvatici, p. Triglochino-Bolboschoenetum
seagull, c. Sparganietum poluedrum, i. Caricetum dilutae, j. Caricetum vesicarie, k. Typhetum angustifoliae,
r. Schoenoplectetum litoralis, p. Calamagrostisetum epigejosae

In the Figure 3(a), the life form of this union
and the results of the evaluations showing the
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frequency of occurrence of the types in the
sample areas are given.
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In the phytocenological structure of this
association, where hydrophytes and hemicryp-
tophytes participate and which is deprived in
terms of flora, species with very different fre-
guency of occurrence according to the sample
areas were encountered, and it was concluded
that this is related to the chemical composition
of the soil and water environment in which the
association spreads. It was determined in plac-
es where the water depth is 100-25 cm. The de-
gree of cover in the above water area is 100%,
in the part submerged it is 5-30%, and the cover
height is 200-400 cm. Potamogeton pectinatus,
Thypha domingens, as well as Myriophyllum

pectinatus and M. spicatum were encountered.

7. Scirpetum lacustris Schamale 1939.

In the mountainous parts of the Lankaran
plain, Kur-Araz plain, Samur-Davachi, Qo-
bustan, Absheron, Naxchivan, in swampy areas,
in places with a water depth of 0-50 (100) cm,
the degree of cover is between 40-10%, cover
size 100-200 cm. It is a plant association that
varies between. With the dominant species in
its flora; Vallisneria spiralis, Potamogeton per-
foliatus, Myriophllum spicatum, Phragmites
communis, Paspalium paspaloides, Potamoge-
ton peetinatus, Ceratophyllum demersum, spe-
cies are included (Table 2).

Table 2.

Phytocenological characteristics of the Potomogetono-Typhetum angistifolia ass. nova,
Scirpetum lacustris Schamale 1939 , Potomogeto- Schoenoplectetum litoralis \Vural, Duman
et.al.1994, Butomo-Helecharitetum vulgaris ass. nova, Schoenetum lacustris ass. nova,
Scirpetum silvatici ass.nova, Triglochino-Bolboschoetum maritime Behget 1994, Sparganietum
poluedrum ass. nova, Butometum umbellati (Konczak 1968) Phillippi 1973, Caricetum dilutae
ass. nova, Caricetum vesicarie Br-Bl.et Denis 1926, Typhetum angustifoliae Pignatti 1953,
Potamogeto-Schoenoplectetum litoralis Vural Duman et. Al. 1994, Calamagrostisetum
epigejosae ass.nova, Hippurisetum vulgarisae ass.nova assosations.

Sample area No 201 | 202 203 | 204 | 205 | 206 | 207 | 208 | 209 210 | Life | Occurrence
Field width 8 8 8 |10 |10 [10 |4 |4 |10 |10 |[form|class
(m2)
Altitude (m) 80 90 100 | 100 | 120 | 200 |250 |250 |300 |300
Inclination (%) |5 7 6 7 7 5 5 7 8 8
Weed height 80 110 120 (80 |90 |90 |85 70 120 | 120
(cm)
Soil type B B B B B B
Number of 4 3 3 3 6 4 5 8 3 3
species
Covering degree | 75 70 85 80 80 80 75 70 85 75
%

Character taxa of the association
Potamogeton 33 33 44 | 33 33 11 33 33 | 44 33 Hd \
pectinatus
Thypa 22 11 . + 11 +1 11 + . + Hk IV
angustifolia
Sample areaNo | 712 713 | 714 | 715 | 716 | 717 | 718 | 719 | 720 | 721
Bolboscheanus 11 33 33 32 11 33 | 44 | 44 | 34 33 Hk \Y
maritimus
Triglochin 22 +1 +1 11 | +1 | +1 + +1 11 +1 Hk \
maritima
Sample areaNo | 722 723 | 724 | 725 | 726 | 727 | 728 | 729 | 730 | 731
Sparganium 22 12 11 22 33 23 23 11 22 22 Hk \
polyedrum

49 www.botanic.az


https://www.google.com.tr/search?espv=210&es_sm=93&q=Sparganium+polyedrum&spell=1&sa=X&ei=vFyYUuCyMKSAywPhjYCwDQ&ved=0CCkQvwUoAA
https://www.google.com.tr/search?espv=210&es_sm=93&q=Sparganium+polyedrum&spell=1&sa=X&ei=vFyYUuCyMKSAywPhjYCwDQ&ved=0CCkQvwUoAA

Acta Botanica Caucasica

Volume 3, No 3, 2024

Puccinellia +1 +1 - - - +1 11 +1 - - Hk 11
distans
Sample areaNo | 732 733 | 734 | 735 | 736 | 737 | 738 | 739 | 740 | 741
Butomus 11 12 11 +1 + 11 12 11 22 +1 Hk \Y
umbellatus
Potamogeton 22 11 22 33 33 +1 +1 22 11 12 Hd Vv
perfoliatus
Sample areaNo | 742 743 | 744 | 745 | 746 | 747 | 748 | 749 | 750 | 751
Carex diluta 33 33 22 22 12 11 33 23 23 22 Hk \
Juncus +1 - 11 +1 + 11 - - +1 11 Hk IV
articulatus
Sample area No | 231 232 233 | 234 | 235 (236 |237 |238 | 239 |240
Carex vesicaria 33 22 33 33 22 11 11 33 33 22 Hk \Y
Juncus effusus +1 + . . +1 11 11 . . 11 Hk I
Sample area No 42 43 44 | 45 46 | 47 | 48 | 49 50 51
Thypa 33 22 32 | 44 | 32 22 33 | 44 | 34 33 Hk \Y
angustifolia
Potamogeton + - - - + +1 +1 - - - Hd 11
trichoides
Sample area No | 251 252 253 | 254 | 255 [256 | 257 | 258 |259 |260
Schoenoplectus 44 44 33 33 32 34 11 33 22 33 Hk \
litoralis
Potamogeton . . . . + +1 + + . Hk I
pectinatus
Sample area No | 321 322 323 324 [325 (326 |327 |328 | 329 |330
Calamogrestis 44 44 44 44 44 44 44 44 44 44 Hk \'%
epigeos
Lythrum - + - + - - + - - + Hk 11
salicaria
Sample area No | 311 312 313 314 [315 (316 |317 |318 | 319 | 320
Hippurus 44 44 44 33 34 34 34 34 44 44 Hk \'%
vulgaris
Petamogeton + + + + + + + + + + Hd \
luceus

Accompanying taxa
Polylg_onum + . + . + + . + . . Hk I
amphibium
Paspalium + + . . + | Hk Il
paspaloides

In the Figure 3(b), the life form of this union
and the results of the evaluations showing the
frequency of occurrence of the types in the
sample areas are given. In the phytocenological
structure of this association in which hemicryp-
tophytes participate, species with very differ-
ent frequency of occurrence according to the
sample areas were encountered, and it was
concluded that this was related to the chemi-
cal composition of the edaphic-hydroecological
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environment in which the association spread.

8. Potomogeto- Schoenoplectetum litoralis
Vural, Duman et.al.1994

Water depth varies between 100-350 cm,
cover for above-water plants is 70-80%, cover
degree of the submerged part is 20%, cover
height varies between 200-250 cm. Among the
above-water plants, Schoenoplectus littoralis,
submerged plants: Potomogeton pectinatus
and Myriophllum spicatum show their species
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(Table 2).

In the Figure 3(c), the life form of this as-
sociation and the results of the evaluations
are presented together with the frequency of
occurrence of types in the sample areas. The
phytocenological structure of this association
includes; hydrophytes and hemicryptophytes,
species with very different frequency of occur-
rence were encountered according to the sam-
ple areas. The reason for this is the chemical
composition of the soil and water environment
upon the association is distributed.

9. Butomo- Heleochoritetum vulgaris ass.
nova

Itis found in areas with water depths of 0-60
cm. The degree of overlap is 80-100%, the num-
ber of participants varies between 2-7. Poten-
tilla anserina, Polygonum amphibium, Rorippa
syvestris, Potamogeton gramineus, Ranunculus
trichophyllus are the species participating in the
flora of the association (Table 2).

In the Figure 3(d), the life form of this
union and the results of the evaluations show-
ing the frequency of occurrence of the types in
the sample areas are given. In the phytoceno-
logical structure of this association, in which hy-
drophytes and hemicryptophytes participated,
species with very different frequency of occur-
rence were encountered according to the sam-
ple areas, and it was concluded that this was
related to the chemical composition of the soil
and water environment in which the associa-
tion spread.

10. Schoenetum lacustris ass. Nova

This association can be found in the swampy
meadows of Samur-Davaci, Birdag, Kir Dizd,
Lankaran plain and around the channels. Cov-
erage degree varies between 80-100%, cover
length varies between 30-150 cm, type num-
ber varies between 3-7. Along with the domi-
nant and distinctive species, the participating
species of the association: Ipomea sagittata,
Typha domingens, Phragmites communis, Jun-
cus maritimus, Carex extensa, Inula viscosa can
be shown as examples (Table 2). In the Figure
3(e), the life form of this union and the results
of the evaluations showing the frequency of oc-
currence of the types in the sample areas are
given. In the phytocenological structure of this

association, in which xamephytes and hemic-
ryptophytes participated, species with very dif-
ferent frequency of occurrence were encoun-
tered according to the sample areas, and it was
concluded that this was related to the chemical
composition of the soil and water environment
in which the association spread.

11. Scirpetum silvatici ass. nova

In the northern parts of Azerbaijan’s Big Qa-
fgaz, Quba and Small Qafqaz, it is rarely seen in
places where the water depth is very low or the
water drains in the spring months, or where the
water depth is between 0-30 cm and the cov-
er degree varies between 50-80%. (30).Its flora
varies between -100 cm; Potamogeton pectine-
tus, Schoenoplectus lacustris, Juncus gerardi,
Carex divisa, Typha angustifolia, Lemna minor,
Calamagrostis epigejos, Puccinelia interme-
dia, Aster tripolium, Lythrum salicaria, Mentha
aquatica, Myriophyllum spicatum, and Aeluro-
pus litoralis are encountered in moist and shady
places (Table 2).

In the Figure 3(f), the life form of this union
and the results of the evaluations showing the
frequency of occurrence of the types in the
sample areas are given. In the phytocenologi-
cal structure of this association, in which hydro-
phytes, therophytes and hemicryptophytes par-
ticipated, species with very different frequency
of occurrence were encountered according to
the sample areas, and it was concluded that
this was related to the chemical composition of
the soil and water environment in which the as-
sociation spread.

12. Triglochino-Bolboschoenetum maritimi
Behget 1994.

In Azerbaijani Minor Caucasus and Diabar in
age places, tea, creek edges and swamps and
moist fencies water darinliyi 0-20 cm va or sea-
son as the season qalan galan galan galan ga-
lan galan galan galan galan galan galan galan
The taxa number between 4 and 8 are includ-
ed in the phyroceneology structure: Puccinella
distans, Phragmites communis, Typha latifolia,
Schoenoplectus lacustris, Lotus corniculatus,
Plantogo maritima, Triglochin maritima, Juncus
gerardi, Bolboscheanus maritimus (Table 2).

In the Figure 3(0), the life form of this union
and the results of the evaluations showing the

www.botanic.az



Acta Botanica Caucasica

Volume 3, No 3, 2024

frequency of occurrence of the types in the
sample areas are given. In the phytocenologi-
cal structure of this association, in which thero-
phytes and hemicryptophytes participated,
species with very different frequency of occur-
rence were encountered according to the sam-
ple areas, and it was concluded that this was
related to the chemical composition of the soil
and water environment in which the associa-
tion spread.

13. Sparganietum poluedrum ass. nova

This union is mainly located in the Kur-Araz
plain, Kur plain, and Lankaran plain of Azerbai-
jan, and rarely in the swamps and lake edges up
to the mountains and central mountain range,
water depth: 0-100 cm, cover degree between
50-100%, cover height. It is a unit of 50-100 cm,
the number of which varies between 2-8. Flo-
ra: Puccinellia distans, Phragmites communis,
Typha latifolia, Agrostis stolanifera, Schoeno-
plectus lacustris, Plantago maritima, Typha an-
gustifolia, Hippuris vulgaris are more common
(Table 2).

In the Figure 3(p), the life form of this union
and the results of the evaluations showing the
frequency of occurrence of the types in the
sample areas are given. In the phytocenologi-
cal structure of this association, in which thero-
phytes and hemicryptophytes participated,
species with very different frequency of occur-
rence were encountered according to the sam-
ple areas, and it was concluded that this was
related to the chemical composition of the soil
and water environment in which the associa-
tion spread.

14. Butometum umbellati (Konczak 1968)
Phillippi 1973.

This union includes the Samur-Devechi and
Kur-Araz plains of Azerbaijan, Kur plain, Lan-
karan and Naxchivan plains with water depths
of 0-70(100) cm, cover degree of 50-80(100)%,
cover density of (20)70-100 (20%). 150) sm,
type number (1) varies between 2-6. Flora:
Potamogeton perfoliatus, Trapa hyrcana, Val-
lisneria spiralis, Ceratophyllum demersum,
Myriophyllum  verticillatum,  Ceratophyllum
submersum, Ranunculus trychophyllus, Alis-
ma plantago-aquatica, Polygonum amphibi-
um, Bolboschoenus moritimus etc. types are
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included (Table 2).

In the Figure 3(y), the life form of this union
and the results of the evaluations showing the
frequency of occurrence of the types in the
sample areas are given. In the phytocenologi-
cal structure of this association, in which hy-
drophytes and hemicryptophytes participated,
species with very different frequency of occur-
rence were encountered according to the sam-
ple areas, and it was concluded that this was
related to the chemical composition of the soil
and water environment in which the associa-
tion spread.

15. Caricetum dilutae ass. nova

All over Azerbaijan, from the plain to the
middle mountain range, in swamps, swampy
areas, on the edges of streams, water chan-
nels and water channels, and sometimes in flat-
tened swamps, water depth is 10-50 (60) cm,
cover degree is 70-90%, cover density is 50-60
cm. The number of taxa is between 3 and 10
and it coexists with the dominant plant spe-
cies: Juncus articulatus, Menyanthes trifoliata,
Orchis palustris, Ranunculus repens, Valeriana
officinalis, Oenanthe fistulosa, Phrafmites com-
munis species are included in the phytocenol-
ogy structure of the association as subsidiary
species (Table 2).

In the Figure 3(i), the life form of this union
and the results of the evaluations showing the
frequency of occurrence of the types in the
sample areas are given. In the phytocenologi-
cal structure of this association, in which geo-
phytes and hemicryptophytes participated,
species with very different frequency of occur-
rence were encountered according to the sam-
ple areas, and it was concluded that this was
related to the chemical composition of the soil
and water environment in which the associa-
tion spread.

16. Caricetum vesicariae Br.-Ch. et Denis
1926

Swampy and water depth 0-20 cm, cover
degree 6-100%, cover size 30-100 cm, number
of taxa varying between 3-6, flora: Juncus ef-
fusus, Epilobium anatolicum, Cirsium arvense
subsp. arvense is an association in which the
species Alopecurus arundinaceae, Menyantes
trifoliata, Carex pseudocyperus and Rumex
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hydrolophatum participate (Table 2).

In the Figure 3(j), the life form of this union
and the results of the evaluations showing the
frequency of occurrence of the types in the
sample areas are given. In the phytocenologi-
cal structure of this association, whose flora
includes only hemicryptophytes, species with
very different frequency of occurrence accord-
ing to the sample areas were encountered, and
it was concluded that this was related to the
chemical composition of the soil and water en-
vironment in which the association spread.

17. Typhetum angustifoliae Pignatti 1953

This union can be found in the coastal ar-
eas of the Khezer coast of Azerbaijan, in the
Kur-Araz plain, in the Mil, Mughan and Shirvan
plains, in marshy areas in the regular parts of
Bozdag, in places close to the sea coast, and
around the water channels. In particular, the
flora of the association varies between 0-50
cm, water depth 60-90 (100) %, cover size (80)
100-150 (200) cm, taxon number (1) 2-11: Pota-
mogeton trichoides, Ceratophyllum demersum,
Myriophyllum spicatum, Urticularia australis,
Lemna minor, Salvinia natans, Oenanthe aquat-
ica, Spirodela polyrhiza and Polygonum persi-
caria (Table 2).

In the Figure 3(k), the life form of this union
and the results of the evaluations showing the
frequency of occurrence of the types in the
sample areas are given. In the phytocenology
structure of this association, which belongs
to various life forms (hydrophyte, xamophyte,
therophyte, geophyte) and consists mostly of
hemicryptophytes, species with very different
frequency of occurrence according to the sam-
ple areas were encountered, and this is relat-
ed to the chemical composition of the soil and
water environment in which the association
spreads. It has been concluded.

18. Potamogeto-Schoenoplectetum litora-
lis Vural Duman et. Al. 1994

It is a plant association with water depth
varying between (5) 10-50 (100) cm, cover de-
gree varying between 60-90 (100) %, cover size
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varying between 60-150 (250) cm, and taxon
number varying between (2)3-10. Flora: Pota-
mageton peetinatus, Nymphaea alba, Trapa
hyrcana, Myriophyllum spicatum, Ceratophyl-
lum demersum, Mentha aquatica, Najas mari-
na, Eleocharis microcarpa species such as are
encountered (Table 2).

In the Figure 3 (g) the life form of this union
and the results of the evaluations showing the
frequency of occurrence of the types in the
sample areas are given. In the phytocenologi-
cal structure of this association, in which hy-
drophytes and hemicryptophytes participated,
species with very different frequency of occur-
rence were encountered according to the sam-
ple areas, and it was concluded that this was
related to the chemical composition of the soil
and water environment in which the associa-
tion spread.

19. Calamagrostisetum epigejosae ass. nova.

This association is found in flat and plain ar-
eas of our country, and in seaside areas where
grunt water is on the surface. In places where
the water depth is 150-200 (250) cm, it is a
monodominant unit with a cover varying be-
tween 50-100% and a cover structure varying
between 120-200 cm (Table 2).

In the Figure 3(s), the life form of this union
and the results of the evaluations showing the
frequency of occurrence of the types in the
sample areas are given. The phytocenology
structure of this association, in which hemicryp-
tophytes participate, is simple and monodomi-
nant, indicating that it is an association that
does not vary according to sample areas, has a
very dense population and a high frequency of
occurrence, and has a simple structure where
no other participating neurons are encountered
due to the pressure of the dominant species.

20. Hippurisetum vulgarisae ass. nova.

It is an association with a water level of 30-
50 cm, a cover level of 50% and a cover size of
15 cm, and the dominant species in its flora are
Potamogeton lucens and P. pectinatus (Table 2).
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Figure 4. Evaluation of taxa participating in the phytosociological structure of some coastal water-swamp
plant associations according to life forms and coincidence class: a. Hippurisetum vulgarisae, b. Caricetum
ripariae c. Cyperetum pseudocyperae, d. Heleocharetum iupalustrisi, e. Heleocharetum euuniglumisi

Figure 4(a) shows the life form of this union
and the evaluation results showing the fre-
quency of occurrence of its types in the sample
areas. In the phytocenological structure of this
association, in which hydrophytes and hemic-
ryptophytes participated, species with very dif-
ferent frequency of occurrence were encoun-
tered according to the sample areas, and it was
concluded that this was related to the chemical

composition of the soil and water environment
in which the association spread.

21. Caricetum riparia ass. nova.

Its flora has a water depth of 5-50 cm, a cov-
er level of 70-100%, and a cover height of 30-
120 cm. Potamogeton lucens, Urticularia aus-
tralis, Bolboschoenus maritimus, Polygonum
amphibium, Calamagrostis epigejos species are
the participating association (Table 3).

Table 3.

Phytocenological characteristics of the Caricetum ripariae ass. nova, Cyperetum pseudocyperae
ass.nova, Heleocharetum iupalustrisi ass.nova, Heleocharetum euuniglumisi
ass.nova, assocations.

Sample area No 221 | 222 | 223 | 224 (225 |226 | 227 |228 |229 |230 |[Life Occurrence
Fieldwidth(m2) |4 |4 |4 |8 |8 |8 |16 |16 |8 |g |[form |class
Altitude (m) 1100 [ 1100 | 1250 | 1270 | 1300 | 1350 | 1390 | 1450 | 1450 | 1420
Inclination (%) 5 5 5 5 5 5 5 4 4 4
Weed height (cm) | C* C CcQ* | Q* Q CQ [CQ |SQ* |SQ |Q
Soil type 55 70 65 65 70 50 55 60 70 65
Number of species |CB |CB |CB |CB |BC |BC |[BC |CB |CB |CB
Covering degree % | 2 3 4 2 2 2 2 3 2 4
Sample area No 85 80 80 85 90 90 85 80 85 80
Character taxa of the association

Carex riparia 43 | 33 | 33 | 34 | 44 | 44 | 43 | 33 | 34 | 33 Hk %
Potamogeton . N . . Hd 1
lecens
Sample area No 341 | 342 | 343 | 344 (345 | 346 | 347 | 348 |349 |[350
gﬁf;‘é;pems 11 [ 3332|2211 | 11| + | 333333 Hk v
Carex vesicaria +1 +1 11 +1 11 + + Hk v
Sample area No 341 | 342 | 343 | 344 | 345 346 | 347 |348 |349 |350
Z‘:ﬁ;’ﬂ’;ﬁs 11 | +1 | 11 | 22 | 33 | 33 | 32 | 32 | 23 | 23 | Hk v
I’f‘r’g ;’t’f;m 11 | 11 | +1 +1 + | Hk 1
Sample area No 341 (342 | 343 |344 | 345 |346 | 347 (348 | 349 |350
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Heleocharis 33 | 33| 32| 22|23 |34|33| 113233 | Hk v
euuniglumus
Polygqnum N +1 | +1 +1 + Hk 11
amphibulim

Accompanying taxa
Urticulqria + + Hd I
australis
Bulbqschoenus N + + i + + Hk 111
martimus
Pongqn_um + + + Hk II
amphibium
Ca{anfagrostis + Hk I
epigeios
C*- swamp, Q* west, CQ* south west, SQ* north west

In the Figure 4(b), the life form and the re-
sults of the evaluations are shown together
with the frequency of occurrence in the sample
area. The phytocenological structure of this as-
sociation includes hydrophytes and hemicryp-
tophytes, species with very different frequency
of occurrence are encountered according to the
sample areas, which is related to the chemical
composition of the soil and water environment
in which the association spreads.

20. Cyperetum pseudocyperae ass. nova

The water depth here is 0-20 cm, cover de-
gree is 60-100 percent, cover size is 50-100 cm,
number of taxa varies between 1-6. Major ones
are; Carex vesicaria, Rumex hydrolaphatum, Ly-
thrum salicaria, Myriophyllum spicatum, Typha
angustifolia, Schoenoplectus lacustris, Spar-
ganium erectum ssp. erectum, Alisma plant-
go-aquatica, Juncus articulatus, Mentha aquati-
ca, Paspalium paspaloides, Salix triandra, S. alb
(Table 3).

In the Figure 4(c), the life form of this union
and the results of the evaluations showing the
frequency of occurrence of the types in the
sample areas are given. It was concluded that
in the phytocenological structure of this asso-
ciation, in which phanerophytes, hydrophytes
and hemicryptophytes participated, species
with very different frequency of occurrence
were encountered according to the sample ar-
eas, and that this was related to the chemical
composition of the soil and water environment
in which the association spread.
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23. Heleocharetum iupalustrisi ass. nova.

Water depth varies between 0-50 cm, cover
degree 60-100%, cover size 30-50(100) cm, tax-
on number varies between 4-7 and it is found
in lake shores and swamps all over Azerbaijan.
In its phytocenological structure; Rorippa syl-
vestris, Paspalium paspaliodes, Polygonum am-
phibium, Butomus umbellatus, Bolboschoenus
maritimus, Alopecurus aequalis, Carex elata,
Schoenoplectus littoralis, Typha angustifolia,
Ceratophyllum demersum, Myriophyllum spi-
catum, Nasturtium, Agrostris gigantea, Tri-
glochin maritima, Juncus gerardi, Alisma plant
ago-aquatica some taxa participates (Table 3).

In the Figure 4(d), the life form of this union
and the results of the evaluations showing the
frequency of occurrence of the types in the
sample areas are given. It has been concluded
that in the phytocenological structure of this
association, in which hydrophytes and hemic-
ryptophytes participate, species with very dif-
ferent frequency of occurrence are encoun-
tered according to the sample areas, and that
this is related to the chemical composition of
the soil and water environment in which the as-
sociation spreads.

24. Helocaretum euuniglumisi ass. nova.

Its flora varies between 0-50 cm, water
depth 80-100%, cover size 40-50 cm; Participa-
tion of species Polygonum amphibium, Rorippa
amphibia, Potamogeton trichoides, Ranuncu-
lus sanicifolius, Elatine altinstrum, Alopecurus
aequalis, Potamogeton lucens, P. natans, P. Per-
foliatus. It is found in the mountainous areas
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of Deveci, Qobustan, Lenkeran, Kur-Araz plain,
Naxgivan (Table 3).

In the Figure 4(e), the life form of this union
and the results of the evaluations show the fre-
guency of occurrence of the types in the sam-
ple areas. In the phytocenological structure of
this association, we come across hydrophytes
and hemicryptophytes, species with very differ-
ent frequency of occurrence are encountered
according to the sample areas, which is due to
the chemical composition of the soil and water
environment in which the association spreads.

Discussion and Conclusion

The water-swamp vegetation has been and
is being investigated globally. It is generally
classified floristically and phytosociological-
ly at the community level (Dubnya, 2006; Ri-
vaz-Martinez, Gonzales, et al., 2001; Mucina L,
Blltmann H, et al., 2016). In Turkiye, wetlands
(Behget, 1994a, 1994b; Behcet Altan 1994;
Se¢cmen and Leblebici, 1996), saline wetlands
(Aydogdu et al., 2002; Hamzaoglu and Aksoy,
2009) and flooded areas have been studied at
length. Some phytosociological studies have
been carried out by Kutbay et al., (1998). In the
wetlands of Turkiye, a total of 23 plant associa-
tions are reported to be distributed in water, 31
in the coastal meadows, 7 in wet meadows, 1
in wetland tree communities, and 21 are saline
associations (Secmen and Leblebici, 1996).

Yucel et al., (2010) have examined the heavy
metal biomonitoring features of the Myriophyl-
lum spicatum plants, distributed alongside the
Porsuk River in Eskisehir-Turkiye. Ocakverdi et
al., (2009) have noted that water-swamp asso-
ciations are common in the vegetation of Kisir
Mountain, which are spreading from the inner
streams to the alpine zone. Some of these asso-
ciations can be found in the water marsh plant
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Abstract. A newly discovered natural hybrid, Campanula xkusadasiensis (Campanulaceae:
subgenus Campanula, sect. Quinqueloculares), from Kusadasi province (Aydin, Turkey) in
western Anatolia, is described and illustrated. This hybrid was identified during field studies and
conservation projects, distinguishing itself from its parental taxa, C. lyrata subsp. lyrata and C.
hagielia, by morphological differences such as its softly hirsute stems, ovate-cordate basal leaves,
and infundibular corolla shape. The hybrid’s micromorphological characters, including seed coat
ornamentation and pollen structure, were analyzed using SEM and compared to its parents. The
ecological preferences of C. xkusadasiensis indicate a restricted distribution on calcareous rocks
within maquis habitats. Its conservation status is assessed as Critically Endangered (CR) due to
limited population size, restricted area of occupancy (AOO < 10 km?), and ongoing anthropogenic
pressures. This study provides comprehensive data on the hybrid’s taxonomy, habitat,
micromorphology, and conservation needs, contributing valuable insights into hybridization
within Campanula and supporting biodiversity preservation efforts in western Anatolia.

Key words: Campanula, endemic, hybridization, Anatolia, conservation.

Introduction

The highest diversity in the Campanula L.
(1753: 163) is found in the mountain ranges of
the eastern Mediterranean and the Caucasus
area and including approximately 420—450 taxa
across a wide range of habitats in the Northern
Hemisphere. The Campanula taxa are usually
perennial herbs to shrubby in some cases, and
some of them are annual herbs growing in dif-
ferent habitats such as maquis, forests, wood-
lands, grasslands. There are many species of
Campanula which are local or narrow endem-
ics and specialized chasmophytes adapted to
the microclimate and edaphic conditions. 160
taxa of the genus are distributed around the
Mediterranean Region (Federov, 1957, Fedor-
ov&Kovanda, 1978, Papatsou&Phitos, 1975,

Contandriopoulos, 1984, Runemark&Phitos,
1996, Park et al., 2006, Lammers, 2007a, b, Ca-
no-Maqueda&Talavera, 2011, Khansari et al.,
2012, POWO, 2019, Phitos, 2021).

The Anatolian Peninsula is an important
centre of diversity of Campanula species in
Mediterranean Region (MedR) and SW Asia.
Damboldt (1978) recorded 95 taxa and 3 im-
perfectly known and 5 doubtfully recorded taxa
and 2 ornamental species Campanula from the
Flora Tirkiye area. According to the available
data, there are 139 taxa, 127 species of Cam-
panula (including 75 endemics) in Turkiye classi-
fied in six subgenera: These are Campanula (18
section, 91 taxa, 84 species and 56 endemic),
Rapunculus (Boiss.) Charadze (three section 21
taxa, 18 species and six endemic), Megalocalyx
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Damboldt (one section, seven taxa and spe-
cies, three endemic), Roucela (Dumort.) Dam-
boldt (one section, six taxa and species, three
endemic), Brachycodonia (Fedorov) Damboldt
(one section, two taxa and species, one endem-
ic) and Sicyodon (Feer) Damboldt (one section,
one taxa and species, one endemic) (Glner,
2000, Alcitepe&Yildiz, 2010, Algitepe, 2011,
ikinci, 2012, Aytac&Duman, 2013, Yildirm et
al., 2019, Ozdol et al., 2022).

Natural hybridization between speciesis rec-
ognized as an important evolutionary strength
and a phenomenal part of sympatric speciation.
Hybridization may result in a new species only
if the hybrid lineage could be established as vi-
able progenies through vegetative (or clonal)
propagation, or allopolyploids events, or oth-
er homoploid speciation mechanisms (Arnold,
2004, Celep et al., 2020). Interspecific hybridi-
sation creates new phenotypes within several
ornamental plant species including the Cam-
panula due to their characteristics such as easy
adaptation to the environment, showy flowers,
and long flowering vegetation period. In the
ornamental plants industry, hybridization be-
tween species is mostly used as a method to
increase genetic diversity (Abbott et al., 2013,
Roper et al., 2012, 2015, Phitos, 2016).

Although hybrid species are not common
in nature in Campanula members, there are
some exceptions. Several hybrid species have
reported by Nyman (1999), mainly in the Het-
erophylla sect. (Kovanda, 1977, 1999, Roquet et
al., 2008). However, no hybrids have been re-
corded among Campanula species in the sect.
Quinqueloculares (Boiss.) Phitos in Turkey.

The C. x kusadasiensis Alcitepe & Karaer
was discovered during field studies of “Project
titled the morphological, anatomical, and pal-
ynological study of the sect. Quinqueloculares
(Campanula) in Turkey (Alcitepe, 2005), and
“Bell flowers (C. tomentosa Lam. and C. vardar-
iana Bocquet) Species Conservation Action Plan
(SCAP) Project”. Some of the collected speci-
mens, which are only found in the Kusadasi and
Samsun Mountain have been identified under
the section Quinqueloculares due to differences
in stem length, basal leaf lamina, pedicel, corolla
shape, anthers position, and calyx appendages.

www.botanic.az

In this paper, we aim to describe and illustrate
the new natural hybrid species with notes on its
micromorphology and taxonomy and provide
data on habitat, and conservation status.

Materials and Methods

During 2004, 2005 and 2020 many flower-
ing and fruiting specimens of Campanula was
collected from Aydin province in Turkey and
stored in the herbarium of Algitepe and OMUB.
We reviewed and consulted the descriptions
and identification keys of the Flora of Turkey
(Damboldt, 1978, Gilner, 2000) and the flora
closely related to the Flora of Turkey (Dimopou-
los et al., 2020, Aghabeigi, 2010, Ghazanfar&Ed-
mondson, 2013, Fedorov, 1957).

The morphological characters of studied
specimens were examined by a binocular ste-
reoscopic microscope. Pollen and seed coat
morphology were studied with light micros-
copy (LM) and scanning electron microscopy
(SEM). The Wodehouse technique was applied
for pollen in LM studies (Erdtman, 1966). The
micrographs of SEM photos were taken with a
Zeiss Gemini 500 device at the Celal Bayar Uni-
versity-Applied Science Research Centre, Mani-
sa and were taken with JEOL JMS 5200 device at
the Laboratory of the Faculty of Dentistry of Ege
University, Izmir. In this study, for palynological
studies the terminology of Punt et al. (1994)
and seed surface morphology, the terminolo-
gy of Stearn (1978) and Barthlott (1981) were
used. Photographs of living material were taken
with a Nikon D300 digital camera. After iden-
tifying the samples, it was searched in articles
collected from the flora of Turkey and Western
and Southern Anatolia and determined as new
taxa (Damboldt, 1978, Duman, 1999, Alcitepe
&Yildiz, 2010, Algitepe, 2011, Aytag&Duman,
2013, Yildirrm&Senol, 2014, Yildinrm 2013,
2018).

Specimens were compared with many speci-
mens of potentially related species in EGE, GAZI,
HUB, ISTE, ISTF and UPA. Type photographs of
the parental species were obtained from the B,
G and LD herbaria. We used the geographical
range of the new species in the form of the ex-
tent of occurrence (EOO) and area of occupan-
cy (AOO) to categorize the threat status using
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the GeoCAT tool (IUCN, 2016, Bachman et al.,
2011).

Results

Taxonomic treatment

Campanula x kusadasiensis E. Alcitepe & F.
Karaer nothosp. nov. (Campanula lyrata Lam.
subsp. lyrata x Campanula hagielia Boiss.) (Fig-
ure 1-6)

Type: — TURKEY. B1 Aydin: Kusadasi, Dilek
Peninsula-Blyliik Menderes Delta National Park,
1. Genderma land, Dipburun area, rocky places,
and in maquis, 07. 05. 2020, 30 m, E. Alcitepe
3245 (holotype OMUB! isotype Alcitepe!).

Biennial or perennials, slightly softly hirsute
and pubescent. Stems erect or flexuous or as-
cending, 36-77 cm with thick scaly and much
irregularly branched from base. 10-15 leafy,
slightly puberulent conspicuous nerved. Basal
leaves, ovate-cordate to cordate, crenate-ser-
rate, 3.8-7 x 2.6-6 cm with long unequally lob-
ulated, conspicuous reticulate-pinnate nerved,
petiole 6.5-16.5 cm. Lower cauline leaves 3.5-5
X 2.5-3.5 cm (excluding petiole) sub similar to
basal, often ovate-cordate to sub lyrate with
long unequally lobulate petiole; upper cauline
leaves, oblong lanceolate, 2.5-7.5 x 1-3 cm, ir-
regularly dentate-serrate, smaller and narrower,

sessile. Inflorescence in racemes or lax pani-
cles; bracts shorter than calyx, hispid. Flowers
erect, pedicellate (3-15 mm). Calyx lobe 3.0-5.0
x 1.5-4.0 mm, pubescence, narrowly triangu-
lar-lanceolate to lanceolate, softly hirsute mar-
gin, slightly recurved, less than to more than %
length of corolla tube, appendage, ovate, softly
long hirsute, wholly concealing ovary. Corolla
violet-blue, cylindrical to narrowly infundibu-
lar, 13-34 mm long slightly short, tube 12-30.x
6-11 mm, pubescent outside. Stamens (6-) 7-12
mm, filiform part of filament, base oblong-ellip-
tic, shorter than style. Pistil 14-28 mm, stigmas
5, ovarium 5-loculare. Capsule 5-8 x 4-8 mm,
hemispherical, erect. Seeds 0.5-0.63 x 0.26-
0.35 mm, glabrous, flattened, oblong to elliptic
or lanceolate, light brown, shiny.

Diagnosis: C. x kusadasiensis is similar to C.
lyrata subsp. lyrata and C. hagielia. Boiss. It is
distinguished from C. lyrata subsp. lyrata by its
the softly hirsute plumage condition and the
ovate-cordate to orbicular-cordate shape of the
base leaves. It is a cylindrical to narrowly infun-
dibular corolla shape and from both species by
the narrowly triangular-lanceolate to lanceo-
late shape of the calyx lobe and the acuminate
(Table 1).

Table 1
Comparison of diagnostic characters of C. x kusadasicum and related taxa
Characters C. x kusadasicum C. lyrata subsp. lyrata C. hagielia
Habit Erect, flexuous or ascend- 1-many-stemmed or ascend- | 1-many-stemmed erect or
ing, much irregularly ing with main robust stem, flexuous, irregularly branched
branched erect
Stem Softly hirsute and pubes- Scabrid, sub hispid Softly hirsute or pubescent
cent
Stem 59.8+14.02(36-77) 37.36+15.07 (15-88) 66.61+17.69 (35-70)
length(cm)

Basal leaves

Ovate-cordate to orbicu-
lar-cordate, with long un-
equally lobulated petiole,
crenate, serrate margin

Lyrate, oblong-ovate long
lobulate petiolate, serrate,
crenate margin

Cordate-ovate, cordate, sub
lyrate with long lobulate-peti-
olate, crenate-serrate margin

na (cm)

Basal leaf lami-

W:4.08£0.95 (2.6-6)

2.4240.5 (1.3-4)

3.05+0.79 (2-5)

L:5.12+1.07 (3.8-7)

3.13+0.72 (2-4.5)

8.69+4.07 (2.5-10)

Petiole(cm)

10.7+2.9 (6.5-16.5)

7.81+1.70 (2-12)

7.48+3.04 (3.5-14)
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Lower cauline
leaves

Sub similar to basal often
ovate-cordate to sub lyrate

Lanceolate to linear

Similar to basal

Pedicel (mm)

6.88+3.59 (3-15)

12.0745.43 (2.5-22)

11.03+13.39 (2-52)

Calyx lobe

Narrowly triangular-lance-
olate to lanceolate, softly
hirsute margined,

Narrowly triangular

Ovate-lanceolate,

Calyx lobe (mm)

W:3.94+0.74 (1.5-3)

W:3.58+1.26 (2-6)

5.21+1.76 (4-7)

L:11.18+2.7 (8-17)

L:9.75£1.5 (3-15)

10.53+2.3 (6-16)

infundibular

Calyx lobe/ Co- | Aslong as or longer than to %2 or 1/3 aslong as Less than to more than %2
rolla tube corolla tube length of corolla tube

Calyx append- Ovate, densely softly hir- Ovate, densely and roughly Ovate, densely softly hirsute
age sute hirsute or subhispid

Calyx append- | W:2.65+0.7 (1.5-4) W:2.65+0.98 (1.5-5) W:2.06+0.32 (1.5-4)
age(mm) L: 3.94+0.74 (3-5) L:3.89+0.84 (2.0-6.0) L:4.63+1.02 (3-7)

Corolla Cylindrical to narrowly Cylindrical to narrowly infun- | Broadly cylindrical to infun-

dibular

dibular

Corolla (mm)

21.7+7 (13-34)

24.7+4.28 (10-36)

21.21+3.81(16-35)

Corolla tube
(mm)

W:8+1.61 (6-11)

W:5.41+0.86 (4-12)

W:9.71+2.14 (6-14)

L:21.5+6.8 (12-30)

L:18.9+2.33 (5-28)

L:16.12+3.16 (11-30)

Stamen (mm)

8.5+1.87 (6-12)

7.76+0.83 (5.5-11)

10.421.96 (7-14)

Pistil (mm)

9.15+2.47 (14-28)

20.21+2.33 (13-33)

14.52+2.67(13.5-27)

Capsule

Densely and stiffly hair

densely and stiffly hair

densely and softly hair

Capsule(mm)

5-8x4-8

5-13x4-12

6-13x5-12

Etymology: — The epithet of the new taxon refers to the type locality in the province of Aydin
-Kusadasi, Turkey. The Turkish name of this species is given as “Kusadasi cani”, according to the
guidelines of Menemen et al. (2013).
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Figure 1. Holotypus of C. x kusadasiensis Alcitepe & Karaer (Alcitepe-3245)
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Figure 2. C. x kusadasiensis at the flowering stage in the type locality. (a) Natural habitat; (b) Flowering
specimen (scale bar = 3 cm); (c) Flowers; (d) Basal leaves in the natural habitat; (e) Basal leaves (scale bar =
2 cm); (f) Petiolate lower cauline leaves and sessile upper leaves (scale bar = 1 cm). Photos by E. Alcitepe.
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Distribution, habitat, phenology and ecolo-
gy: —C. x kusadasiensis is known Aydin, Kusa-
dasi and Samsun Mountain and grows in the
MedR (Aegean) of Turkey, therefore it is a West
Med (W. Med.) floristic region element. From
the ancestral species C. lyrata subsp. lyrata
wide distribution in the W. Black Sea region,
Marmara, Aegean and Mediterranean regions.
C. hagielia has local distribution only in Aege-
an region (Mugla, Aydin) and Eastern Aegean

islands. The life cycles for both species are more
or less close to each other. Therefore, the hy-
brid new species may be present in other areas
where the presumed parental species are sym-
patric in the W. Anatolia region of Turkey. The
new hybrid grows on calcareous rocks in open
maquis and to 20-30 m mostly with the excep-
tions of 600 m and obligate rupicola’s plant (Fig-
ure 2,3).

Figure 3. Distribution area of C. lyrata subsp. lyrata (e), C.hagielia (%), C. x kusadasiensis (ll) (Davis’ Grid

System)

While flowering periods of this natural hy-
brid species were observed in April-May from
early June, its fruiting periods have been ob-
served from late June to early July. Associated
species at the type locality include: *Alyssum
hirsutum Bieb. var. caespitosum Dudley (LC),
A. sibiricum Willd., *Iberis carica Bornm. (LC),
Fumaria petteri Reichb. subsp. thuretii, (Boiss.)
Pugsley, Ranunculus muricatus L., *Arenaria
luschanii Mcneill (VU), *Dianthus lydus Boiss.
(LC), *Silene splendens Boiss. (VU)., Velezia qua-
dridentata Sibth. & Sm, Erodium malacoides
(L.) U'Her., Hypericum perfoliatum L., Lathyrus
aphaca L. var. pseudoaphaca (Boiss.) P.H. Da-
vis, L. grandiflorus Sibth. & Sm., Bupleurum
gracile d’Urv., *Campanula lyrata subsp. lyrata,
*Helichrysum heywoodianum P.H. Davis (CR),
*C. tomentosa (VU), Nonea obtusifolia (Willd.)
DC., Samolus valerandi L, *Origanum sipyleum

L. (LC), Micromeria juliana (L.) Benth. ex Rchb.,
*Cyclamen mirabile Hildebr. (EN) and Muscari
neglectum Guss. Ex Ten., Taxa denoted here by
an asterisk are endemic to Turkey.
Conservation status: — A new taxon en-
demic to Turkey. It is distributed from south and
southwest of Kusadasi to Mount Samsun in the
southwest of Aydin. The population of C. x kusa-
dasiensis was calculated as occupying an area.
Its AOO is estimated to be less than 10 km?,
and EOO is approximately less than 1,2 km?.
It is known from two disjunct localities from
Kusadasl and Samsun Mountain and subpopu-
lations isolated from one another. Total num-
ber of individuals is estimated to be less than
1100 and anthropogenic or grazing effects were
observed on the population. Because it is a re-
cently discovered species, studies to explore its
range were carried out. But the species was not
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observed in other sites with appropriate soil
and climate characteristics. Following the crite-
ria laid out by the IUCN (2016), the new taxon
is categorized as ‘Critically endangered-CR’ (cri-
teria B2 ab (i, iii), on account of its restricted
distribution, habitat quality, number of mature
individuals.

Paratypes: — TURKEY. B1 Aydin: Kusadasi,
Dilek Peninsula-Bliyliik Menderes Delta Nation-
al Park, 1. Genderma land, Dipburun Area, rocky
places, in maquis, c. 20-30 m, 03. 05. 2003, E.
Algitepe 3245al ibid, area near the national park
entrance, in maquis, 20-30 m, 05.05. 2003, E.
Algitepe 2151! ibid, slopes of Nero Bay, calcare-
ous rocks, ¢.70-100 m, 07.05. 2003, E. Alcitepe
3261! Aydin: Samsun Mountain, rocky places,
50-100 m, 03.05. 2003, E. Algitepe 2147! Sam-
sun Mountain, Tekcam, c. 600 m, 29.05.1969,
N. Basaran, M. Cetindag 16855 EGE! Biyuk Ka-
lamaki, Uzunoluk, Sarikaya vicinity, c. 150 m,
28.04.1974, E. Leblebici, O. Secmen, A. Yiiriil
12793 EGE!

Additional specimens examined: — C. ly-
rata subsp. lyrate: C. lyrata subsp. lyrate: Al
Balikesir: Balikesir—Marmara Island, 550m,
14.05.1968, F. Oktem 1072, Canakkale: Canak-
kale—Eceabat, 350m, Sarger 63-73 EGE! Kirk-
lareli: Demirkdy Forest, 21km from Poyrali,
06.10.1966, A. Baytop 10455, ISTE! A2 Balike-
sir: Balikesir-Susurluk highway, opposite Va-
ran facilities, maquis, 200m, 10.5.2004, E.
Algitepe 2250! Bursa: Uludag, Aras-Soguk-
pinar Road, 16.5.1944, Heillbornn 2887, ISTF!
Istanbul: Belgrad Forests, Balls 2396; Burgaz
Island, 30.04.1950, Berk 2924, ISTE! Kocae-
li: Dil hills, 19.05.1959, A. Baytop 5340, ISTE!
Yalova: Termal, Southern, 20.06.1971, A. Bay-
top 20583, ISTE! A3 Ankara: Beypazari, Aladag
Valley, 700m, 26.5.1971, Y. Akman, 8482, ANK!
Bolu: Yedigoller road 10km after Bolu, 900m,
K. Alpinar 59450, ISTE! Sakarya: Geyve Bogazi
Baglarbasi Village, 10.06.1972, A. Baytop 22363,
ISTE! Zonguldak: Gébd, istasyon district, 50m,
23.06.1984, M. Demirors 1199, ANK! A4 Ankara:
Cankaya, 28.05.1935, Balls 2354; ANK! Kizilca-
hamam, P. nigra forest, 7.7.1953, Huber-Mu-
rath, Birand, &Zohary 3341, ANK!, Bolu: Gere-
de-Aktas Forest, 1600m, 3.7.1975, O. Ketenoglu
419, ANK! Cankiri: Atakaracalar, Dumanli

www.botanic.az

Mountain, Abaza Stream location, stream side,
1350-1450m, 5.7.1991, A. Duran 1308, GAZl;
Kastamonu: llgaz District, llgaz Mountains,
Q. pubescens community, 1300m, 15.6.1982,
Akman, Yurdakulol & Demirors 12085, ANK!
Zonguldak: between Kozlu and Zonguldak, road-
side, 80m, 5.5.1951, H. Demiriz 10968, ISTF! A5
Corum: Kargi, Ada Mountain, around Avsar vil-
lage, P. brutia forest, 500-600m, 30.5.1976, M.
Kiling 2713, EGE! Kastamonu: Tosya, Seki village,
1000-1200m, 18.6.1975, M. Kilinc 1052, ANK!
B1 Balikesir: Edremit, in olives, 08.05.1966, H.
Pesmen 832, EGE! Kazdagi, Kosara and church
area, 1100m, 17.10.1970, F. Oktem 18786,
ISTE! Canakkale: Assos, stony slopes, 50-60m,
19.5.2002, E. Algitepe 2110! Troy, open spac-
es, 50 m, 20.5.2002, E. Al¢itepe 2111! izmir:
Yamanlar Mountain, 800-900m, 15.05.2002,
E. Algitepe 2109! Bergama, Kozak-Kiranli vil-
lage, roadside, 10.7.2004, E. Algitepe 2278!
Tire, maquis, 50-100 m, 22.5.2002, E. Algite-
pe 2112! Manisa: Gediz 4.6.1955, Walter 58,
B Photo! Soma Madenci Cesmesi, roadside,
600m, 12.5.1977, Secmen & Gork 17151, EGE!
B2 Balikesir: Mount Sindirgi, east of Kertil Park,
P. brutia, 350m, 5.6.1972, Oflaz, Oguz, Secmen
& Leblebici 10209, EGE! Denizli: Denizli-Buldan,
Hub. -Mur. 5363; izmir: Odemis-Bozdag, around
Mermeroluk, 1350 m, 16.6.1972, Leblebici
10059, EGE! Kiitahya: Between Simav-Sindirgi,
47km from Simav to Sindirgi, Pinmurt locality,
400 m, 5.6.1972, Se¢men, Oguz, Oflaz & Leb-
lebici 16885, EGE! Manisa: Salihli-Bozdag road,
next to the Yayla restaurant, 900 m, 10.5.1975,
Secmen, Oztirk & Kesercioglu 23941, EGE!
B3 Afyon: Dazkiri, north of Sarikavak village,
steppe, 1030m, 18.6.1984, Z. Aytac¢ 1316, GAZI!
Bilecik: Between Boziiyiik and indnii, Beet field
edge, 750m, 01.06.1973, A. Baytop 25187, ISTE!
Eskisehir: Stindiken Mountain, above Alpagut,
350m, 3.6.1971, T. Ekim 362, ANK! Isparta: Ge-
lendost, 22.05.1966, Regel, Pesmen & Oguz
185, EGE! Konya: Aksehir Sultan mountains,
Cobankaya, 1000-1100 m, 26.04.1974, G. Dok-
meci 28462, ISTE! B4 Ankara: Dikmen Creek,
Romieuy 5992; ad Angora Galatiae (Elmadagh),
Bornmiiller 1892, B. Photo! Konya: Loras Moun-
tain, Southern, 1900 m, 12.5.1989, Tatli, Eyce,
& Serin 9038, KNYA! C1 Aydin: Kusadasi slope,
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rocky ridges, 09.04.1971, F. Oktem 19134, ISTE!
Didim road, 10.04.1971, F. Oktem 19211, ISTE!
izmir: Selcuk, Belevi Fire Area, 23.04.1970,
Oflas 5516, EGE! Ephesus Ruins, 31.05.1972, A.
Baytop 22804 ISTE! Mugla: Bodrum Mountain,
Gulluk 50m, D. 40926! Bodrum, mt. E of Kara-
toprak, garigue, 16.4.1972, H. Runemark & P.
Wendelbo 72, LD-Foto! Datga Peninsula, 7-8 km
NW of the town of Datca, Limestone 20.4.1972,
H. Runemark & P. Wendelbo 146, LD Foto! Mi-
las, Becin Castle, 275m, 15.5.2004, E. Alcitepe
2260! C2 Denizli: Honaz Mountain, Bayman-
li Stream Side, 1400m, 14.06.1963, A. Baytop
25661 ISTE! Mugla: Sildsiluk mach Yatagan in
magquis, in vor Cine, 12.6.1955, Walter 377, B
Photo! Derekoy-Marmaris, 10m, 26.3.1956, Da-
vis et Polunin 25402, ANK! Kdycegiz, Kaunos ru-
ins, maquis northern slope, calcareous land, 15-
200 m, 8.5.2003 E. Algitepe 2377! C3 Antalya:
Elmali, Gim{s district, C. libani forest, 1300m,
13.05.1973, R. Cetik 2211, ANK! Burdur: Bur-
dur-Antalya Road, 33 km from Antalya before,
Arbutus- Quercus community, 25.05.1966, A.
Baytop 9557, ISTE! Isparta: Dedegdl Mountain,
1400m, Sorger 65-43-22; Konya: Beysehir-Ku-
rucuova, Musallaalti locality, southeast slope,
valley ridges, 1400m, 15.06.1980, M. Serin 661,
KNYA! C4 Karaman: Around Kazanci District,
900-1100m, 19.6.1983, H. Slimbil 26268, HUB!
Konya: Taskent, stony slopes, 1200-1300 m,
22.6.2002, E. Alcitepe 2120!

C. hagielia — (Turkey). C1 Mugla: Resadiye
to Cumali, 300m, D. 41229! Datca Peninsula,
7-8 km NW of the town of Datca Limestone,
20.04. 1972, H. Runemark & Wendelbo 145 LD
Foto! between Milas to Bafa lake, rocky places,
370 m, 04.05.2003, E. Algitepe 2144! C2 Mugla:
Bozburun, 50-100 m, Dudley (D. 35483!); Fethi-
ye, Hisardnl, Belcegiz, 1450 m, 11.05.1967,
Pesmen, Oguz, & Leblebici 4903 EGE! Mar-
maris, Datca road, 23.05.1969, K. Walter 16853
EGE! Between Mugla to Cine, rocky places,
03.05.1979, Secmen, Leblebici & Bekat 17463,
EGE! Turgutbayir, on road, 120m, 19.05.1982,
A. Cirpici 25150 ISTF! Dalyan, Kaunos kalkmau-
ern im archaologischen ansgrabunsgelande,
20 m. NN, 06.04. 1992, TH. Raus 17793B Foto!
Ibid. 90-100 m, 08.05. 2003, E. Al¢itepe 2135!
Kaunos road, in maquis, c. 100 m, 08 .05.2003,

E. Alcitepe 2136! Ortaca, Dalyan, Bozburun Te-
pesi, Kargicak Bay, maquis, calcareous land,
0-50 m, 14.04.1992, Giiner, Duman & Dénmez
26099 HUB! Between Mugla to Gokova, on
road, calcareous rocks, 300m, 23.04.1978, A.
Baytop, 39070 ISTE! ibid. c.350 m, 04.04.2003,
E. Algitepe 2145! ibid. 670m, 16.05.2004, E.
Algitepe 22531 Koycegiz to Kaunos road, in ma-
quis, cliffs, 50-100 m, 08.05.2003, E. Alcitepe
2136! Mugla to Koycegiz road, calcareous rocks,
375m, 16.05.2004, E. Al¢itepe 2252! between
Mugla to Marmaris, Sakar Pass, calcareous
rocks, 650 m, 16.05. 2004, E. Al¢itepe 2263! —
(Greece. East Aegean Islands). Khalki, Gathorne
— Hardy 766! Rodos, mt. Filerimo, Bourgeau
109! ibid. 200 m, Snogerup 22120; Mt. Phlere-
mo, A. Carlstrém 6219 LD Foto! in lapidubus soli
Paini in va Rhodos versus, Spelunram sraionum,
06.04.1889, Richden 0126/2003-25 B Foto! de
mont Santoz Elio pro Salakos frkosu Bourgeau,
30.05.1990, Feer 7574 G Foto! An Felsen nfube
des monte S. Setfano bei Rhodi, 03.05.1938,
V. Engelhardt 82 B Foto! Burgberg von Lindos,
kalkfels blite dunkelblau, 100 m, 09.03.1967,
J. Et F. Markgraf 0126/2003-28 B Foto, ibid.
21 May 1971, K. Faber 168145 B Foto! Felsen
an den Sieben Quellen, 20.05. 1971, K. Faber
158147 B Foto! In sl, Rodhos 1 km E moni kami-
ri, Felswand, kalk (100 m. NN), 10.05.1995, R.
Jahn 0126/2003-22 B Foto! Ad meridiem porti,
80-120 m, Ad rupes calcareous praeruptas sep-
temtriones cpectantes, 15.04.1974, N. Greuter
11865, UPA!

Discussion

C. x kusadasiensis is included in Sect. Quin-
queloculares, which includes 13 taxa, 12 spe-
cies and 10 of which are endemic to Turkey
(Damboldt, 1978, Algitepe&Yildiz, 2010, Algite-
pe, 2011, Yildinm, 2013, 2019). This section is
characterised by biennial or perennial, usually
monocarpic, stems usually tall. Calyx append-
ages large, reflexed. Ovary 5-locular, stigmas 5.
Capsule opening by 5 basal pores.

The new taxon described here resembles C.
lyrata subsp. lyrata and C. hagielia in the same
section (Table 1). C. x kusadasiensis mainly dif-
fers from these related taxa by the softly hir-
sute plumage condition and the ovate-cordate
to orbicular-cordate shape of the base leaves.
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The cylindrical to narrowly infundibular corolla
shape and from both species by the narrowly
triangular-lanceolate to lanceolate shape of
the calyx lobe and the acuminate (Figure 4).
Pollen properties of C. x kusadasicum, C. lyra-
ta subsp. lyrata and C. hagielia are mostly tri-
porate, spheroidal, isopolar and exine tectate
(Figure 3). These properties are often observed
in Campanula species (Erkara et al., 2008). De-
spite these common characteristics, there are
a number of differences between them. C. x
kusadasicum is smaller than the parents, with
a pollen diameter of 21.0 — 23.9 um and 22.0-
30.5 um in C. hagielia and 15.7-25.2 um in C.
lyrata subsp. lyrata. There are also differences
in pore diameter and exine thickness. C. x ku-
sadasicum, pore diameter is smaller than the
parents with 3.75-5.02 um and exine thickness
is thinner than others with 0.65-0.55 um. C. x
kusadasicum, sculpturing pattern of exine was
regulate-micro reticulate and micro echinate
even it is granulate-scabrate and micro ech-
inate in C. lyrata subsp. lyrata and C.hagielia.
C. x kusadasicum, the spinules are longer than
the others in length (0.25-0.55 um). Comparing
the number of spinules, the number falling to

5 um?is 33-36 in C. hagielia; 40-45 in C. lyrata
subsp. lyrata; and is the least with 10 —-21in C.
x kusadasicum (Table 2; Figure 5). The seeds of
the two species do not differ significantly in co-
lour and shape compared to hybrid individuals.
The seeds are oblong to elliptic or lanceolate.
Colour is on a scale ranging from light brown
to yellowish brown. From the point of view of
seed coat ornamentation, both C. lyrata subsp.
lyrata and C. hagielia were classified as type I,
subtype IlA in the previous study. It is defined
as: Type |l is characterised by areoles laterally
compressed to such a degree that the lumen is
essentially linear, giving the seedcoat a faintly
striate appearance. The striations are regular
and prominent radial walls. C. lyrata subsp. ly-
rata’s inner structure of the lumen is striate and
C. hagielia’s is scabrate. Hybrid individuals also
fall into this class (type IlI) with the seed coat
surface, which has a striped appearance with
side-printed walls. In fact, C. x kusadasiensis,
which is closer to C. hagielia in terms of the
width of the areoles, appears to be striate like
C. lyrata subsp. lyrata, compared to the inner
structure of the lumen. (Table 2; Figure 6).

Figure 4. Stereoscopic microscope images of C. x kusadasiensis a: Calyx, b: Stilus and stamen, c: capsule

(bar 1cm)
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Table 2.
Seed and palynological characters C. lyrata subsp. lyrata, C. hagielia and C. x kusadasiensis
Characters C. x kusadasien- | C. lyrata subsp. lyrata C. hagielia
sis Mz S (V) M+ S (V)
Seed (um) {318+ 27.4|350+50 (300- | 350450 (300-400) 360+40 (300-400)
(266-350) 400)
568.83+46|620t70 (500- | 620+£70 (500-700) 550+40 (500-600)
(500-633) 700)
Type-Ila Type-Ila Type-Ila Type-Ila
Medium Broad Broad Broad
Striate Striate Striate Scabrate
Pollen 21.60+£1.63|22.5£0.92(21.0-|22.5+£0.92(21.0-23.9) 26.26+1.85(22.0-30.5)
(um) (15.7-25.2) 23.9)
4.41+0.69(3.1- | 4.33+0.43(3.75- | 4.33+0.43(3.75-5.02) 4.25+0.77(3.1-6.3)
5.7) 5.02)
Ground
sculpture 1.02+0.18(0.7- | 1.00+1.08(0.65-| 1.00£1.08(0.65-1.1) 1.04+£0.10(0.7-1.2)
1.5) 1.1)
0.25-0.50 0.25-0.55 0.25-0.55 0.25-0.50
40-45 10-21 10-21 33-36
Granu- Regulate with Regulate with micro Granulate-scabrate with
late-scabrate micro echinate echinate micro echinate
with micro
echinate

Figure 5. SEM photographs of the pollen structure of a, b: C. lyrata subsp. lyrata c, d: C. hagielia (Algitepe
2012); e, f: C. x kusadasiensis
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Figure 6. SEM photographs of the seed-coat surface of a, b: C. lyrata subsp. lyrata; c, d: C. hagielia

(Algitepe 2010) and e, f: C. x kusadasiensis

Conclusion

In this study, we described and character-
ized Campanula x kusadasiensis, a newly dis-
covered natural hybrid from Kusadasi province
in western Anatolia, Tirkiye. Morphological,
micromorphological, and ecological compari-
sons revealed its intermediate characteristics
between its parental species, C. lyrata subsp.
lyrata and C. hagielia. Key diagnostic features
include unique calyx morphology, leaf struc-
ture, and pollen sculpturing, which distinguish
the hybrid from both parental taxa.

The conservation status of C. x kusadasien-
sis has been assessed as critically endangered
(CR) based on its limited distribution, restricted
habitat, and small population size. Its presence
in only two disjunct localities underscores the
urgent need for targeted conservation efforts
to preserve its habitat and prevent further pop-
ulation decline due to anthropogenic activities.

This discovery highlights the significance
of hybridization as an evolutionary process in
the genus Campanula. Furthermore, the find-
ings contribute to the broader understanding
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of biodiversity and endemism in the Mediter-
ranean region, particularly in Tirkiye, which
serves as a hotspot for Campanula diversity.
Future studies focusing on genetic analyses
and ecological interactions will be critical in
understanding the evolutionary dynamics and
ensuring the preservation of this unique hybrid
species.
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Abstract. Important areas of nanotechnology such as nanodiagnostics, nanopharmacology,
nanotransplantation, nanotherapeutics, and nanotherapy are imerging as the most promising
medical technologies. Among these, nanopharmacologystands out as the most crucial. Thorough
research and regulation of the physicochemical properties of nanoparticles enable their utilization in
key medical areas such as therapy, diagnostics, transplantation and tissue culture acquisition, as well
as in pharmacology. This will significantly greatly contribute to the advancement of nanomedicine.
Therefore, it is essential to further enhance the methods used in preparing nanomedicines, including
nanoencapsulation, surface functionalization of nanoparticles, and the production of medicinal
nanoparticles through the synthesis of extracts from medicinal plants. While each of these
methods offers its own benefits, the primary concern lies in ensuring the effective absorption and
biocompatibility of resulting nanoparticles, which are critical properties for medical applications.
Nanomedicines obtained through nanoencapsulation, nanoparticle surface functionalization, and
drug nanoparticle synthesis will play a pivotal role in addressing significant challenges posed by
traditional drugs, optimizing for therapeutic delivery, and navigating the diverse biological barriers
present in various patient populations and diseases.

Key words: nanotechnology, nano pharmacology, medicinal plants, nano drug, nanoencapsulation,
nanoparticle functionalization, green synthesis, drug nanoparticles.

Introduction

The flora of Azerbaijan is rich in medicinal
plants. According to data provided by the Insti-
tute of Botany, 1547 species (37%) out of 4500
species of these plants are recognized as me-
dicinal plants. Currently, 1161 types of them are
used in folk medicine. 525 species have been
tested and proposed as drugs in pharmacology
(Miranda, 2021). Among the medicinal plants
of our flora, more than 25 species of wild rose
and alder have been considered official medic-
inal plants. Although plants have been used
in folk medicine since ancient times, the term
medicinal plants was first used in 1967 in the
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context of hallucinogenic plant research (Handa
et al., 2008). A medicinal plant is a plant whose
organs (flowers, leaves, roots, stems, fruits, and
seeds) are directly used in the treatment of any
disease. Due to the healing properties of me-
dicinal plants, their biodiversity has been pre-
served by people for centuries until the present
day (Kim et al., 2009).

The use of medicinal plants is due to the
presence of biologically active molecules with
pharmacological properties. These biologically
active molecules, called secondary metabolites,
alkaloids, glucosides, saponins, vaccines, essen-
tial oils, bitter substances, mucus, vitamins,
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resins, and phytoncides are present in different
amounts depending on the type of plants and
the organ from which they are collected (Offord
et al., 2002).

Another method of obtaining nanomed-
icines is the functionalization of synthesized
nanoparticles with drugs. Nanoparticles ob-
tained by this method act as drug carriers. Cur-
rently, the key to the effectiveness of medici-
nal preparations is their timely delivery to the
target, in a short period and the required dose
(Jain, 2008). In traditional treatment methods,
the introduction of medicinal substances into
the body is mainly done through injection, oral
(digestive route), and ointment. Each of these
methods faces certain limitations. To overcome
these limitations, it is necessary to protect the
active substances contained in the drugs, work
well with the kinetics of releasing the drug at
the right time and place, control it precisely, set
the target with high sensitivity and deliver the
right dose (Farjadian et al., 2019).

The technology of creating nanomedicines
is the most promising technology to overcome
these limitations. Nanodrug technology is favor-
able for the development of drug delivery sys-
tems, as it allows precise control over the size,
shape, number, volume, direct openings, and
surface properties of the drug delivery system

(Rea et al., 2014). Some pre-obtained extracts
are used as medicinal substances in the form of
tinctures and liquid extracts, but some require
further processing. One of these processing
procedures is the encapsulation of extracts. In
encapsulation, inert biopolymers, including gel-
atin, are used. The advantage of using gelatin
is that the size and molecular structure of the
particles obtained during encapsulation signifi-
cantly increase the effectiveness of the extract
(Goldenstedt et al., 2008).

Min Chul Kwona and coworkers (2012) en-
capsulated the aqueous extract of Centella asi-
atica L. using gelatin. The sizes of the extract
capsules they received were even in the nano
range. From the results of the experiments, it
was clear that the encapsulation efficiency of
Centella asiatica L. extracts is 70% (Kwon et al.,
2012) and also the effectiveness is 50% higher
than that obtained by using other encapsula-
tion methods, for example, cellulose double
liposomes (Jin et al., 2009). The encapsulation
and nanoparticle formation of extracts can pri-
marily reduce the application dose of extracts,
prevent cytotoxicity, protect the body from side
effects, and ultimately lead to the conservation
of plant resources (Jeong et al., 2009).

Figure 1. Some medicinal plants from the flora of Azerbaijan

Some of the pre-obtained extracts are used
as medicinal substances in the form of tinctures
and liquid extracts, while others require further
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processing. One of these processing procedures
is the encapsulation of extracts. In encapsula-
tion, inert biopolymers, including gelatin, are
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used. The advantage of using gelatin is that the
size and molecular structure of the particles
obtained during encapsulation significantly in-
crease the effectiveness of the extract (Golden-
stedt et al., 2008). Min Chul Kwon and cowork-
ers (2012) encapsulated the aqueous extract of
Centella asiatica L. using gelatin. The sizes of
the extract capsules they obtained were even
in the nano range. From the results of the ex-
periments, it was clear that the encapsulation
efficiency of Centella asiatica L. extracts was
70% (Kwon et al., 2012), and the effectiveness
was 50% higher than that obtained by using
other encapsulation methods, such as cellulose
double liposomes (Jin et al., 2009). The encap-
sulation and nanoparticle formation of extracts
can primarily reduce the application dose of
extracts, prevent cytotoxicity, protect the body
from side effects, and ultimately lead to the
conservation of plant resources (Jeong et al.,
2009).

Experiments show that nanoscale encapsu-
lation of medicinal plant extracts significantly
increases their application effects. For example,
the biological activity of nano-sized particles
obtained from the extract of Centella asiatica
L. plant is significantly increased. They pene-
trate skin cells relatively quickly (2 times fast-
er), and it was observed that 80% of nanopar-
ticles remain in the epidermis for a long time

(Tao & Desai, 2003). Thus, nano-encapsulation
of extracts of medicinal plants will facilitate the
purification of the main effective active com-
pound contained in it and increase its economic
efficiency.

A second method of obtaining nanomed-
icines is the functionalization of synthesized
nanoparticles with drugs. Nanoparticles ob-
tained by this method act as drug carriers.
Currently, the effective delivery of medicinal
preparations relies on their timely delivery to
the target, in a short period and the required
dose. Traditional treatment methods involve
the introduction of medicinal devices into the
body mainly through injection, oral ingestion,
and ointments. Each of these methods has its
limitations. To overcome these limitations, it
is necessary to protect the active substances
contained in the drugs, work well with the ki-
netics of releasing the drug at the right time
and place, control it precisely, target with high
sensitivity, and deliver the right dose. The tech-
nology of creating nanomedicines is the most
promising technology to overcome these lim-
itations. Nanodrug technology is favorable for
the development of drug delivery systems, as it
allows for precise control over the size, shape,
number, volume, direct openings, and surface
properties of the drug delivery system (Park et
al., 2006).

Figure 2. Encapsulation of extracts in polymer by electrospinning method
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Lipid systems such as liposomes and mi-
celles are part of the first generation of nano-
medicines in nanoparticle-based therapy. These
liposomes and micelles are primarily made
from gold and magnetic nanoparticles (Rea et
al.,, 2014). These nanoparticles serve multiple
purposes, including drug delivery, imaging,
and treatment. Medicinal nanoparticles help
protect the gastrointestinal tract, enable the
delivery of poorly water-soluble drugs to their
intended site, and facilitate the absorption of
medicinal substances through endocytosis.

The process of nanoparticle surface func-
tionalization is intricate and involves several
stages. A key challenge in this process is se-
lecting the appropriate interaction forces be-
tween the biologically active molecule and
the nanoparticle surface. The initial step in
nanoparticle surface modification involves

Figure 3. Functionalized nanoparticle

For surface functionalization of nanopar-
ticles, it is convenient to use two different
conjugations: non-covalent and covalent con-
jugations. In non-covalent bonds, a large num-
ber of weak interactions (electrostatic, ionic,
van der Waals, hydrophobic interactions, and

adding an organic functional group (such as
R-NH2, R-COOH, etc.) necessary for binding bi-
ological molecules. It is advisable to use homo-
or hetero bifunctional cross-linkers for this pur-
pose. Amino silanes with an amino group are
commonly used binders for silica nanoparticles,
while SH or -NH2 groups are effective cross-
linkers for gold nanoparticles due to their ability
to form covalent bonds with the nanoparticle
surface (Banihashem et al., 2020). Difunctional
linkers of thio-carboxylic acids have functional
groups at one end that can be utilized to bind
ligands (Chen et al., 2016).

In the case of carbon-based nanoparticles,
the presence of sp2 hybridized carbon atoms
is crucial for forming functional groups on the
nanoparticle surface. By oxidizing the nanopar-
ticles, it is possible to create -COOH, -OH, and
-C=0 bonds on the surface (Yue et al., 2019).

hydrogen bonds) play a key role (Nobs et al.,
2004). Non-covalent bonds do not affect the
structure of the molecules used and their inter-
action with biological targets can be easily influ-
enced by various variables such as pH and ionic
strength (Luo et al., 2016).
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The functionalization of the surface of var-
ious types of nanoparticles through covalent
bonds allows for several levels of modification
and many can be used to achieve structures
with different functions (Chen et al., 2017). The
covalent binding of ligands to the surface of
nanoparticles can be achieved by using differ-
ent binding molecules. Due to the polymer na-
ture, high molecular weight molecules can be
attached to the surface of nanoparticles, and
bio-conjugation of bound ligands can be used to
reduce steric hindrance (Deirram et al., 2019).

An example is PEG, which can be synthe-
sized with specific functional groups at the
ends and used as homo bifunctional or hetero
bifunctional linkers to perform a wide range of
functionalization processes. Pagels et al. (2020)
showed that the production of specific hetero
bifunctional PEG molecules is still an active area
of research and how this molecule can be very
useful for designing effective nanoplatforms for
medical applications. Generally, covalent bonds
are used to attach ligands that are useful for
achieving targeting and/or reducing nanoparti-
cle toxicity.

Recently, the use of pH- and tempera-
ture-sensitive bonds for drug release from
drug-carrying nanoplatforms has been exten-
sively studied (Edwards et al., 1998). The tu-
mor microenvironment is very acidic compared
to the normal microenvironment. Therefore,
pH-sensitive nanoplatforms are particularly
suitable for drug release controlled by the acid-
ity of the tumor environment. In a weakly acidic
environment, such as the tumor environment,
the nanoparticles release dopamine as a result
of the hydrolysis of the boron-ester bond be-
tween the two molecules. This smart release
results in inhibition of vascular endothelial cell
migration and tubule formation.

A third method of obtaining nanomedi-
cines is the direct synthesis of nanoparticles in
extracts of medicinal plants. When nanoparti-
cles are synthesized in the extract of medicinal
plants, there is a high probability that biologi-
cally active molecules (of medicinal nature) con-
tained in the extract will bind to their surface.
The combination of specific medicinal mole-
cules on the surface of nanoparticles creates
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the possibility of using them as nanomedicine.
In the process of synthesizing nanoparticles in
plant extracts (Green synthesis), the biological-
ly active molecules contained in it act as both
reducing agents and stabilizers. It is also possi-
ble to attach other molecules to the surface of
the formed nanoparticles.

Researchers use FTIR, TEM, XRD, and Raman
spectroscopy analyses to determine the stabiliz-
er, which groups of surface-attached molecules
are attached to the surface of the nanoparticle,
and the crystal structure, size, and shape of the
synthesized nanoparticles. During the synthesis
of nanoparticles in plant extracts, it is possible
to determine which groups of biological mole-
cules interact with the nanoparticle surface by
recording FTIR spectra. To do this, FTIR spectra
of the extract are initially taken. Then, the FTIR
spectra of the nanoparticle synthesized in this
extract are recorded.

For example, a comparative analysis of the
FTIR spectra of silver (Ag) nanoparticles syn-
thesized in the gum tree (Anogeissus latifolia)
extract with the spectra of that extract can be
conducted. In the FTIR spectra of the extract,
peaks of the main absorption bands at 3425,
2928, 2368, 2341, 2122, 1635, 1406, 1311,
1234, 1068, and 1028 cm-1 are observed (Kora
etal., 2012).

The broadband peak at 3425 cm-1 is caused
by valence oscillations of OH groups. Peaks cor-
responding to wave numbers 2928, 1406, and
1234 cm-1 are caused by stretching, bending,
twisting, and rocking vibrations of methylene
groups. The broad 2122 cm-1 band observed
only in this extract belongs to molecules with
carbonyl-type groups. The 1635 cm-1 peak
with a deeper band belongs to asymmetric car-
boxyl groups. The band peak at 1311 cm-1 is
the peak of the symmetrically stretched carbox-
ylate group. The peaks at 1068 and 1028 cm-1
are the peaks of stretching vibrations of C-0O
ether and alcohol groups, respectively.

In the extract containing Ag nanoparticles,
peaks of 3431, 2964, 2345, 2304, 1728, 1632,
1385, 1260, and 1024 cm-1 were recorded.
From the comparison of the peaks, it is evident
that the peak at 3425 shifted to 3431 cm-1, the
peak at 1635 shifted to 1632 cm-1, and the peak
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at 1311 shifted to 1385 cm-1. This indicates
that Ag nanoparticles interacted with hydroxyl
and carboxylate groups. Anew 1728 cm-1 band
peak was observed in the extract-synthesized
Ag nanoparticles, corresponding to carbonyl
valence vibrations in aldehydes, ketones, and
carboxylic acids (Mukherjee et al., 2008).

The appearance of the band peak at 1728
cm-1 and the disappearance of the peak at
2122 c¢cm-1 indicate that the synthesis of Ag
nanoparticles occurs with the presence of hy-
droxyl and carbonyl groups. Identification of bi-
ologically active molecules involved in their sta-
bilization during the synthesis of nanoparticles
in the extracts is also possible by the Raman
spectroscopy method. In the spectra recorded
by the Raman spectroscopy method, strong
and sharp spectrum bands of biologically active
molecules bound to the nanoparticle are ob-
served. For example, the peak of the spectrum
band at 240 cm-1 for Ag nanoparticles synthe-
sized in the extract of Anogeissus latifolia gum

tree belongs to the valence vibrations of Ag-N
(Biswas et al., 2007) and Ag-O bonds (Chow-
dhury & Ghosh, 2004). The peaks of the 1351
and 1523 cm-1 band belong to the valence
symmetric and asymmetric vibrations of the C =
O group (Chowdhury & Ghosh, 2004).

The strengthening of the valence bonds of
CO2 indicates that the COO group is directly at-
tached to the surface of the nanoparticle. Wide
1040 cm-1, sharp 1123 cm-1. Peaks at 827
cm—1 are caused by in-plane and out-of-plane
bending of C-H bonds in sugars (Vigneshwaran
et al., 2007). It is also known that proteins bind
to nanoparticles through electrostatic interac-
tion of free amino groups or negatively charged
carboxyl groups (Farjadian et al., 2019). There-
fore, during the synthesis of nanoparticles
in the extracts containing proteins, there is a
great possibility that protein molecules will
bind to the surface of the nanoparticles or form
a coating.

Figure 4. FTIR spectra of Anogeissus latifolia gum tree extract (A) and Ag nanoparticle synthesized to this

extract (B) (Mukherjee et al., 2008).

The absorption spectrum peak at a wave-
length of 280 nm noted in Figure 5A belongs
to the electronic excitation of tryptophan and
tyrosine residues. The protein molecular cov-
ering of the Ag nanoparticle synthesized in
the extract is also clearly visible in TEM images

(Figure 5B). Therefore, the results obtained by
Raman spectroscopy confirm that proteins to-
gether with carbohydrate molecules cover and
stabilize nanoparticles during synthesis in ex-
tract. This suggests that biologically active mol-
ecules of protein and carbohydrate nature can
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participate in the formation of nanoparticles,
combining with their surface in various ways
to create drug-carrying systems (Biswas et al.,
2007; Vigneshwaran et al., 2007).

The shape, crystal structure, and size of
nanoparticles synthesized in medicinal plant ex-
tracts play a crucial role in their absorption into
cells, migration in organs, accumulation, and
elimination. The X-ray diffraction (XRD) method
allows accurate structural analysis of synthe-
sized nanoparticles. For example, characteristic
diffraction peaks of 38.3°, 44.6°, 64.8°, 77.6°,
and 81.9° are observed in the XRD spectra of

unsynthesized Ag nanoparticles in the extract of
Anogeissus latifolia gum tree (Figure 6). These
diffraction peaks correspond to the (111), (200),
(220), (311), and (222) planar peaks of the me-
tallic silver crystal structure at the indicated
degrees. The interplanar distances in the crys-
tal were 2.348 A, 2.030 A, 1.437 A, 1.229, and
1.175 A, respectively, consistent with standard
silver values. Thus, the XRD spectra confirm that
the Ag nanoparticle synthesized in the extract
has a highly crystalline structure (Mukherjee et
al., 2008; Kora et al., 2012).

Figure 5. UV-vis spectrum of Anogeissus latifolia gum tree extract (A) and TEM image of Ag nanoparticles

synthesized in this extract (B) (Mukherjee et al., 2008).

Discussion

The application of nanotechnology in medi-
cal practice has already begun to achieve signifi-
cant advancements in addressing fundamental
issues in this field. Key areas of nanotechnolo-
gy, such as nanodiagnostics, nanopharmacol-
ogy, hanotransplantation, nanotherapeutics,
and nanotherapy, are emerging as the most
promising medical technologies. Undoubtedly,
nanopharmacology stands out as the most cru-
cial of these technologies. By utilizing this tech-
nology to address challenges in drug use and
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application in medical practice, a revolution in
safeguarding human health is possible.

Most modern drugs are synthetic, and their
production is intricate and costly. Many specif-
ic drugs are not accessible to all individuals,
and complications and side effects pose addi-
tional challenges. Issues such as the failure to
deliver drugs to the target site at the required
time and in the necessary amount significantly
impact their effectiveness. Traditional drug de-
livery systems often necessitate high doses for
drug delivery, leading to increased frequency
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of administration (Farjadian et al., 2019). Addi-
tionally, poor solubility in conventional drug de-
livery systems can greatly diminish the efficacy
of drugs (Jain, 2008).

Utilizing nanoparticles as drug carriers, en-
capsulating drugs in nanoparticle forms, and
administering drugs in nanoparticle forms offer
numerous advantages over traditional drug de-
livery systems. These advantages include more
precise delivery of therapeutic biomolecules to
the target tissue or cell, reduced total dosage
and potential mitigation of toxic side effects,
increased stability of active pharmaceutical in-
gredients post-administration, enhanced safety
and effectiveness, consistent release of drugs
into diseased cells at the appropriate time,
passive absorption and accumulation of drugs
in areas of pathology such as tumor cells, and
the potential for cost-effective production and
availability of nanodrugs (Farjadian et al., 2019).

Figure 6. XRD spectrum of Ag nanoparticles
synthesized in the extract of Anogeissus latifolia
gum tree (Mukherjee et al., 2008).
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Abstract. Macrophyte algae and microalgae of the southern shores of the Caspian Sea (Republic of
Azerbaijan, Lankaran district, and Gizilaghaj National Park) were studied from March to December
2022. A total of 29 algae species were identified, 11 of which were located in Gizilaghaj National
Park. These species belong to Chlorophyta (9), Bacillariophyta (7), Cyanobacteria (6), Charophyta
(4), and Rhodophyta (3). Oscillatoriaceae, Spirogyraceae, Cladophoraceae, and Naviculaceae were
the leading families. Lyngbya and Spirogyra dominated the upper littoral zone, while Cladophora
dominated the sublittoral zone. Twenty-seven species were recorded as new to this region, with
Cladophora albida, C. ruchingeri, Ulva torta, Colaconema elegans, Corallina officinalis, and Jania
virgata being recognized as both new and rare species. Seasonal biodiversity peaked in July.
Ecological analysis highlighted pollution tolerance levels based on the Saprobic system. These
findings emphasize the ecological importance of the region and the need for further studies to
conserve its biodiversity.

Keywords: ecology group, macrophyte, new species, rare species, taxonomic analysis

Introduction

The most common macroalgae are rep-
resentatives from the divisions Chlorophy-
ta (green), Rhodophyta (red), Phaeophyceae
(brown), Xanthophyta (yellow-green), Chryso-
phyta (gold) and microalgae from the division
Bacillariophyta (diatoms). Some divisions of al-
gae are minor components of the benthos al-
goflora of reservoirs. The flora of well-studied
regions is dominated by green algae (35-37%
of species), blue-green algae (24-35% of the
flora), red algae (14-20% diatoms), and each
of the yellow-green algae accounts for 14-21%
(Sheath and Cole 1992; Necchi et al., 2000).

The Caspian Sea contains approximately
45% of the worldwide lake’s water. Unlike the
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seas associated with the ocean and other water
basins, it has its own meteorological and bio-
logical regime. Its flora and fauna have a unique
richness. The phytoplankton of the Caspian Sea
is a habitat for both freshwater algae and algae
inhabiting brackish waters. This is due to the
low salinity of the Caspian Sea, which is 12.7-
12.8 % at present (Kosarev and Yablonskaya,
1994).

The South Caspian Sea area, to which the
Republic of Azerbaijan belongs, is very deep
(ocean depth exceeds 1000 m) and accounts
for 66.0% of the total water volume of the sea
(volume: 45,800 km3; area: 168,000 km?; aver-
age depth: 325 m; maximum depth: 1025 m)
(Kosarev and Yablonskaya, 1994; Aladin and
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Plotnikov, 2004). The Caspian Sea has been sig-
nificantly altered by technogenic activities, pri-
marily as a result of changes in water flow and
the destruction of water bodies in the system
(Dumont, 1995; Kideys et al.,2008; Bagheri et
al.,, 2013). Currently, many problems pose an
ecological threat to the sensitive ecosystem
of the Caspian Sea. The increase in population
in the coastal areas of the Caspian Sea, the in-
crease in the volume of various types of waste-
water entering the sea (industrial, agricultural),
the expansion of oil production, and the con-
nection of the Caspian Sea with other open
water bodies through the Volga Canal create
many problems (Shams and Asharzadeh, 2008).
Among them, the increase in water tempera-
ture, eutrophication, and the excessive input of
nutrients into the Caspian Sea in the late 20th
century can be noted (WHO, 1999).

Currently, the ecological situation in the
Caspian Sea is very tense. As a result of various
and increasing anthropogenic impacts on algae,
the ranges of some algae species are shrinking,
some species are disappearing, and the mor-
phology and reproduction of other species are
changing. The problem is more acute in the
shelf zone of the sea: dead zones have already
appeared in these areas (Karaeva, 2002).

Although algae in the Azerbaijani sector of
the Caspian Sea have been studied since the
60s of the 20th century, there is not enough
information about their biodiversity and hab-
itats. For example, early studies of diatoms of
the Caspian Sea were carried out only in the
form of monitoring, and 309 species and intra-
specific taxa belonging to two classes, three or-
ders, three semiorders, and eight families were
registered (Karaeva, 1960; 1972). As a result of
studies carried out in 1961-1963, 76 species be-
longing to 4 divisions, 6 classes, 15 orders, 21
families, 42 genera were identified, of which 38
species and 1 subspecies were found in the Baku
bay, 12 species (8 green, 3 red and 1 chara) be-
long to the southern shores of the Caspian Sea
(Zaberzhinskaya, 1968). Summarizing the litera-
ture data related to the blue-green algae of the
phytoplankton of the Caspian Sea, and the data
obtained in the course of many years of original
research, 85 species and intraspecific taxa have

been identified, of which only 18 taxa are inher-
ent for the Azerbaijan sector of the Caspian Sea
(Nuriyeva, 2020).

There is little information on the quanti-
tative distribution and floristic composition
of phytoplankton in the Caspian Sea. Further-
more, since there is no data characterizing the
entire marine area for a given period, both year
and season, it is difficult to imagine its depth-
and area-dependent changes associated with
biotic and abiotic factors, especially during pre-
cipitation, and annual and interannual changes
in water level. It should be emphasized that the
species composition of phytoplankton in the
Caspian Sea is much poorer than in the Black
and Azov Seas. Thus, 343 species were record-
ed in the Caspian Sea (Babayev, 1968; Proshki-
na-Lavrenko, 1965), 750 in the Black Sea, and
417 in the Azov Sea (lvanov, 1965). The first
place in the phytoplankton of the Caspian Sea is
occupied by green algae with 127 taxa, diatoms
have 111, and blue-green 74 taxa.

The dominant phytoplankton species in the
Middle and South Caspian include Skeletonema
costatum (Greville) Cleve, Thalassionema nitzs-
chioides (Grunow) Mereschkowsky. The sec-
ond main division, which dominates in terms
of the number of species, is the blue-green
algae division. Particularly widespread species
are Anabaena bergii f. minor (Kisselev) Elenkin,
Anabaenopsis tanganyikae (G.S.West) V.V. Mill-
er and Aphanizomenon flos-aquae Ralfs ex Bor-
net & Flahault (Babayev, 1968).

In this paper, the results of the study of al-
gae biodiversity on the southern shores of the
Caspian Sea (Lankaran district and Gizilaghaj
National Park) are presented. The taxonomic
structure of algae collected from the coastal
areas was analyzed, and rare and new species
of research area were identified. An analysis of
the bioecological properties of algae was car-
ried out.

Materials And Methods

Algae were collected in March - December
on the coast of the Lankaran district (including
the Gizilaghaj National Park). Lankaran is locat-
ed between the western coast of the Caspian
Sea and the foothills of the Talysh mountains
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and stretches for 100 km from the river Bolharu
in the north to the river Astarachay in the south.
Several small rivers also flow into the sea in this
area. The humid subtropical climate, mild win-
ters, dry and hot summer days, rainy autumn
and spring determine the rich flora and fauna
of this region.

Algae samples taken at a distance of 50-100
m, from the upper, supra-, sublittoral and coast-
al parts of the sea were used for the study. The
destination points where the algae were col-
lected are demonstrated in the map shown in
Figure 1. The water column, seabed, solid sub-
strate (hydraulic devices, etc.), and macrophyte
algae were studied as living substrates. A plank-
ton cup was used for sampling, and phytoplank-
ton was collected by passing water through a
filter of gas material No. 25 and No.77 (21). To
collect benthos species, a bathymeter and a
three-liter flask were used. For a further and
detailed study of the materials, 4% formalin
was added to the algae suspension. To study
epilithic diatoms, samples of bottom sediments
were taken using a glass tube 8 mm in diameter
and 1 m long at a distance of 2-3 m from the
shore and transferred to plastic containers, and
10% formaldehyde was added. After settling the
sludge samples, the water was drained off and
the sludge was transferred to Petri dishes (Van

Der Werff, 1999). Samples containing diatoms
were centrifuged and boiled after the addition
of H,0,. Then, diatoms were purified from acid
and organic matter. The purified material was
used to prepare permanent samples for the
identification of diatoms (Hasle, Fryxell, 1970).

A scanning electron microscope (JSM-35, Ja-
pan) was used to identify diatoms, and an opti-
cal microscope (Nikon E100) was used to identi-
fy algae of other divisions. Traditional methods
were used for morphological characterization
and identification of algae (Zinova, 1967; Za-
berzhinskaya, 1968; David,1986; Schmid, 1994;
Fourtanier and Kociolek, 2011; Seckbach and
Kociolek, 2011; Kulikovsky and Kuznetsova,
2014; Afanasiev et al., 2016; Afanasiev et al.,
2020; Nuriyeva and Vinogradova 2020).

The most recent databases (AlgaeBase
(Guiry, Guiry, 2022), California Academy, Alga
Terra) were used to indicate the names of the
designated algae species. The algae distribution
map was prepared in ArcGIS 10.7 (Figure 1, 2).
The temperature of the aquatic environment
was measured with a laboratory thermometer,
and the pH was measured using a portable pH
meter WTW-3110 (Germany). The coordinates
of the sampling points, where the algae were
gathered are marked.

Figure 1. Algae sampling points in the coastal areas of the Lankaran district.
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Figure 2. Map of algae distribution on southwestern shores of the Caspian Sea

1. Lyngbya aestuarii, 2. Lyngbya majuscula, 3. Oscillatoria sancta, 4. Neidium productum, 5. Nodularia
spumigena, 6. Cladophora sericea, 7. Cladophora albida, 8. Rhizoclonium riparium, 9. Spirogyra majuscula,
10. Colaconema elegans, 11. Ulva tepida, 12. Spirogyra porticalis, 13. Spirulina subsalsa, 14. Ulnaria ulna, 15.
Jania virgata, 16. Oscillatoria limosa, 17. Cladophora glomerata, 18. Corallina officinalis, 19. Iconella capronii,
20. Craticula halophila, 21. Cladophora fracta, 22. Spirogyra circumlineata, 23. Cladophora ruchingeri, 24.
Nitzschia denticula, 25. Ulva torta, 26. Cladophora vagabunda, 27. Navicula trivialis, 28. Cymbella cistula,

29. Spirogyra crassa.

Results And Discussion

1. Taxonomic analysis. 29 species belong-
ing to 5 divisions, 14 orders, 16 families, 18
genera were identified in the studied area -
The southwestern shores of the Caspian Sea
(Figure 3, Tables 1, 2). Among them, 3 species

belong to red (Rhodophyta), 4 species - cha-
ro (Charophyta), 6 species — blue-green (Cy-
anobacteria), 7 species — diatoms (Bacillario-
phyta), and 9 species to green (Chlorophyta)
algae.
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Figure 3. Total taxa number of orders, families, genera, species

Table 1.

Algae of the southern shores of Caspian Sea (Lankaran district) and their collection points

Species ggis;itnation Bioecological features
38°41.606’'N Widespread plankton-benthos species. Occurs in salt and
Lyngbya aestuarii 48°52.246'E brackish waters, seas, and fresh waters. Related to the cos-
(Kholmili will.) | mopolitan species (Figure 2. 1; Figure 5. A)
38°41.830°'N
. 48°52.265'E Typical marine species. Found also in some fresh waters.
Lyngbya majuscula (I.(l?glaramesha (Figure 2. 2; Figure 5. B)
vill.
38°41.080°’N Inhabits in fresh and brackish water. Belongs to the plankton
Oscillatoria sancta | 48°52.359’E and benthos ecology group. Is a widespread species.
(Kholmili vill.) | (Figure 2. 3; Figure 5. C)
38°50.256’'N Found in shallow and slow-flowing, often dirty and brackish
Oscillatoria limosa | 48°50.380’E waters. Related to the cosmopolitan species. (Figure 2. 16;
(Urge vill.) Figure 5. D)
Nodularia 2g:§giggg Widespread in fresh, brackish, and salt waters.
spumigena (Mamﬁsta vill) (Figure 2. 5; Figure 5. E)
igzggﬂg:g Occurs in seas, brackish, coastal, inland waters, benthos, and
Spirulina subsalsa (Go shaban plankton, as well as in hot springs.
Vill{ (Figure 2. 13; Figure 5. F)
38°38.057’'N Widespread. Can be found along the sea coast, in the
Cladophora albida | 48°52.569’E supralittoral, sublittoral zone, in shady places, on rocks, and
(Siyavar vill.) | with brown algae. (Figure 2. 7; Figure 5. G)
38°58.900°'N . . .
o ) Fresh and saltwater species. Also occurs in waters with low
Cladophora fracta Elgizsil6zi7ga8' B salinity. Common in eutrophic habitats. Most common in
Bay) ghay spring. (Figure 2. 21; Figure 5. H)
38°51.410°’N A freshwater and brackish water species, widely distributed
C;adophora ?8"52.270'& q inlthe te;nperate zone. Mostly found in seawaters with a
glomerata Narimanabad | salinity of up to 17%.
vill.) (Figure 2. 17; Figure 5.1)
e 3BEEAIIN  he and Focks,an aish & found in sésociation
p Lo with macrophytic algae. Belongs to marine species. (Figure
(Siyavar vill.) ¥ 8 g g

2. 6; Figure 5.])
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Colaconema elegans

(Lankaran city
beach)

39°3.780°'N
Cladophora 48°56.120'E Found on rocks and stones, in the upper part of the sublittoral
ruchingeri (Gizilaghaj zone. (Figure 2. 23; Figure 5. L)
Bay)
A marine species, found on rocks, stones, in the upper part
of the sublittoral, supralittoral zones, and on the coast, on
39°10.766’N sufficiently protected coasts. Thallus sometimes even cling
Cladophora 48°59.931'E to pebbles, bark, or grow as an epiphyte. Forms floating
vagabunda (Gizilaghaj masses on the surface of shallow estuaries and lagoons; may
Bay) lie in dirty cushions on the surface of salty shallow waters.
Can penetrate from seawater to salt water, usually up to 15%
salinity. (Figure 2. 26; Figure 5. K)
38°43.352’N Have vegetation in fresh, brackish, and sea waters. Plants
Rhizoclonium 48°52.158’E are found throughout the year, most often in spring, summer,
riparium Ashagi Nuvadi | and autumn, less often in winter.
8
vill.) (Figure 2. 8; Figure 5. M)
38°45.595’N
Ulva tepida 48°51.749’E Found in bays and estuaries.
(Lankaran city | (Figure 2. 11; Figure 5. N)
beach)
39°10.268’'N
Ulva torta 48°57.428’E Occurs in bays and estuaries in a mix with other filamentous
(Gizilaghaj green algae. (Figure 2. 25; Figure 5. 0)
Bay)
10-3.955 fresh found in th
; 49°3.955’E A freshwater species, found in the estuaries.
Spirogyra crassa (Gizilaghaj (Figure 2. 29; Figure 5. P)
Bay)
38°44.463'N
, , 48°52.182’E A freshwater species, found in the estuaries.
Spirogyra majuscula (Sutamurdov | (Figure 2. 9; Figure 5. Q)
vill.)
39°1.382’'N
Spirogyra 48°56.522'E A freshwater species, found in the estuaries, and also in the
circumlineata (Gizilaghaj bays. (Figure 2. 22; Figure 5. R)
Bay)
16°50,030'% fresh found in th
; ... | 48°50.659’E [t is a freshwater species found in the estuaries
Spirogyra porticalis (Goyshaban (Figure 2. 12; Figure 5. S)
Vill.¥
38°45.388’'N
48°52.208’E Found on the coasts on stones, shells, and the surface of

other algae. (Figure 2. 10; Figure 5. T)

38°52.862°'N
. .. .. | 48°53.762’E The species is found along the sea coast, in the sublittoral
Corallina officinalis (Uzumchuluk | zone, on stones and rocks. (Figur 2 2. 18; Figure 5. U)
vill.)
38°50.037’N .
S o ) Found on stones, in the part of the shell, at a depth of 0.5-2 m.
Jania virgata E}grgg\;}l?l% E (Figure 2. 15; Figure 5. V)
23%?’52%%’1\‘ Found in peat (moss) floors, lakes, rivers, ponds, reservoirs,
Cymbella cistula (Giziia hai swamps, estuaries, and seas.
Bay) ghay (Figure 2. 28; Figure 5. W)
1625 393 diff f bod
.. 48°55.223’E [t occurs in different types of water bodies.
Iconella capronii (Giz)ilaghaj (Figure 2. 9; Figure 5. X
Bay
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38°gg.1£5}4’N q q
: . 48°55.753'E Found in swamps, estuaries, and seas.
Craticula halophila. (Gizilaghaj (Figure 2. 20; Figure 5.Y)
Bay)
39°12.165’'N
, R 49°1.684’E Found in rivers, ponds and reservoirs, bays.
Navicula trivialis (Giz)ilaghaj (Figure 2. 27; Figure 5. Z)
Bay
390?5780’1\1 d d b
. , , 48°55.976'E Found in rivers, springs and reservoirs, bays
Nitzschia denticula (Gizilaghaj (Figure 2. 24; Figure 5. A,)
Bay)
38°40.277°'N o . . .
Neidium productum | 48°52.413'E lglg)illrlige 12n éf-“l,??rlsfr:%r%l%s and reservoirs, bays, estuaries.
(Mamusta vill.) g -4 1g - By
38°48.593’'N ff c
. 48°50.230’E Found in different types of water basins.
Ulnaria uina (Goglshaban (Figure 2. 14; Figure 5. C))
vill.

Table 2.
Ecological indicators of algae species found on southern shores (Lankaran dst.)
of the Caspian Sea

= Ecological zone
2 i Littoral zone (intertdial
2 Species Saprob Ecological Temp., pH ( )
2 grup Upper Supra Sub
a . : .
littoral littoral littoral
Lyngbya aestuarii 0 pl., ben. 19 7.5 +
§ L. majuscula - pl 12 8 +
S | Oscillatora sancta B-a pl., ben. 26 7.5 +
S
S 0. limoza B pl., ben. 17 7.5
& | Nodularia spumigena 0-x ben. 26 7.5
Spirulina subsalsa 0- pl., ben. 25 7.5
Cladophora albida - pl., ben. 24 + +
C. fracta 0-0 pl.,, ben. 17 7.5 +
C. glomerata -0 pl.,, ben. 17 7.5 +
*; C. sericea - pl.ben.eph. 11 7.5 +
§ C. ruchingeri - pl.ben.eph. 25 7.6 +
3 C.vagabunda - pl.ben.eph. 27 7.5 + +
S Rhuzoclonium
o - pl. 11 7.5 +
riparium
Ulva tepida - ben. 23 7.5
U. Torta ben. 18 7.5
s Spirogyra crassa B ben. 11 7.5
2 S. majuscula 0-0t pl. 23 7.5
§“ S. circumlineata o- ben. 15 7.5
S
S S. particalis o- ben. 23 8 +
s | Colaconema elegans - pl.ben.eph. 17 7.4
2 | Corallina officinalis - pl.ben.eph. 22 7.3
g
<
é Jania virgata - pl., ben. 22 7.6 +
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Cymbella cistula o- ben. 11 8.0 +
s Iconella capronii B ben. 13 8.0 +
::: Navicula halophila B eph. 22 7.8
S Craticula halophila o eph. 18 7.8 +
= | Nitzchia denticula x-B pl, ben. 27 7.6 +
[ ) .
2 Neydium productum ?:g;gil:ri- eph. 10 7.6 +

Umaria ulna B eph. 18 7.5 +

Note: pl.- plankton, ben.- benthos, eph.- epilit, a - alfasaprob, B - betasaprob, x-p - xeno-betasaprob, o - oligosap-
rob, a-B - alfabetamezosaprob, o-a - oligo-alfamesosaprob, o-B - oligobetanesosaprob, B-a - beta-alfamesosaprob,

B-o0 - oligo-betamesosaprob

According to the botanical-geographical re-
gionalization of Azerbaijan, 23 species are new
for this region distribution area (Lyngbya aestu-
arii, L. majuscula, Oscillatoria sancta, O. limosa,
Nodularia spumigena, Spirulina subsalsa, Clado-
phora fracta, C. glomerata, C. sericea, C. vaga-
bunda, Rhizoclonium riparium, Ulva tepida, Spi-
rogyra crassa, S. majuscula, S. circumlineata, S.
porticalis, Cymbella cistula, Iconella capronii,
Craticula halophila, Navicula trivialis, Nitzs-
chia denticula, Neidium productum, Ulnaria
ulna) and 6 species are rare (Cladophora albida,
C. ruchingeri, Ulva torta, Colaconema elegans,
Corallina officinalis, Jania virgata). Three of the
rare species belong to the Chlorophyta division
(Cladophora albida, C. ruchingeri, Ulva torta),
and three other species belong to the Rhodo-
phyta family (Colaconema elegans, Corallina

officinalis, Jania virgata). Nine new for this dis-
tribution area (Cladophora fracta, C.vagabun-
da, Spirogyra circumlineata, S. crassa, Craticu-
la halophila, Navicula trivialis, Cymbella cistula,
Iconella capronii, Nitzschia denticula) and two
rare species (Cladophora ruchingeri, Ulva tor-
ta) of algae were identified on the coasts be-
longing to Gizilaghaj National Park.

As seen in Figure 4, the algae biodiversity
was highest in July. Three species were identi-
fied in December, six species in May, seven spe-
cies in September, and 13 species in July, while
species belonging to Rhodophyta and Charo-
phyta divisions were not found in December.
Microphotographs of algae samples from the
southern shores of the Caspian Sea, obtained
using optical and electron microscopes, are
shown in Figure 5.

Figure 4. Annual species collection chart: 2022 families, genera, species. (May, July, September,

December).
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Figure 5. View of species under the scan electron microscope (SEM) and light microscope: A. Lyngbya
aestuarii, B. Lyngbya majuscula, C. Oscillatoria sancta, D. Oscillatoria limosa, E. Nodularia spumigena, F.
Spirulina subsalsa, G.Cladophoraalbida, H.Cladophora fracta, l.Cladophora glomerata,J. Cladophora sericea,
K. Cladophora vagabunda, L. Cladophora ruchingeri, M. Rhizoclonium riparium, N. Ulva tepida, O.
Ulva torta, P. Spirogyra crassa, Q. Spirogyra majuscula, R.Spirogyra circumlineata, S. Spirogyra porticalis, T.
Colaconema elegans, U. Corallina officinalis, V. Jania virgata, W. Cymbella cistula, X. Iconella capronii, Y.
Craticula halophila, Z. Navicula trivialis, Al. Nitzschia denticula, B1. Neidium productum, C1. Ulnaria ulna.

2. Ecological analysis. The results of our
study showed that the algal flora of the south-
western shores of the Caspian Sea in the Lan-
karan district consists of eight species belonging
to planktonic and benthic types, eight species
of benthic, six species belonging to plankton-
ic, benthic and epilithic types, four species of
epilithic types, and three species of planktonic
type. The results of the ecological analysis are
shown in Table 2. The species were observed
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in the temperature range of 11-27°C and pH
range of 7.5-8.0.

According to the degree of water pollution
in the Saprobic system (Barinova et al., 2006),
five species belong to B-mesosaprobic type,
three species are oligo-a-mesosaprobic type,
two species are oligo-B-mesosaprobic type, two
species are oligo-a-mesosaprobic, one belongs
to oligosaprobic type, one belongs to a-me-
sosaprobic and xeno-B-mesosaprobic types,
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and one species is oligohalobic-indifferent type.
15 of the studied species were collected from
upper-, seven species from sup-, five species
from supra- and two species from both supra-
and sublittoral zones (Table 2).

In the Caspian Sea, the Cyanobacteria divi-
sion is a widespread group of living organisms
and an integral part of the aquatic ecosystem.
This is the leading branch in terms of algae di-
versity, but it occupies the second place in the
Caspian Sea after diatoms. Information about
blue-green algae is contained in the studies of
Kireeva, Shchapova (1957), where 33 species of
blue-green algae were found in the benthos of
the Caspian Sea. Among these species, Lyngb-
ya aestuarii, L. majuscula, Oscillatoria nigra are
noted in the Azerbaijan part of the Caspian Sea.
According to our research, the species L. aestu-
arii, L. majuscula were identified. In the course
of our present studies, 6 species were found
from 92 species mentioned in previous stud-
ies (Nuriyeva, Vinogradova, 2020). Among 309
species and intraspecies taxa of diatoms found
earlier in the Caspian Sea (Karaeva, 1972),
we found only one species, named after the
new nomenclature Iconella capronii (previous
name: Surirella capronii). In other studies (Za-
berzhinskaya, 1968)), 13 species are mentioned
in the Azerbaijan part of the southern coast of
the Caspian Sea, however, in our studies, we
found only two of them.

Conclusion

As a result of the studies carried out on the
southwestern coast of the Caspian Sea (coasts
covering the territory of the Lankaran district
of the Republic of Azerbaijan, including the
Gizilaghaj National Park), new and rare species
of algae were discovered, and their taxonom-
ic structure and ecological characteristics were
studied. Of the 29 species, 27 are new to the
research area. Representatives of 5 divisions of
algae were found in the study area, of which
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Abstract. In this study, the renewal of vegetation in the 12 years after the fire in the 32-hectare red
pine forest destroyed by the forest fire that started on 17/06/2012 and was completely extinguished
on 23/06/2012 in the region called Kazma Baglari, located 10 km from Kahramanmaras city centre,
was examined. The study used observational data obtained from field trips carried out regularly
since the year after the fire. According to the study results, the first plant samples in the fire area
appeared a year later. The first examples generally belong to annual or biennial herbaceous plants
whose seeds can be carried by birds or the wind. Permanent vegetation on the land began to take
shape in the third year following the fire. Some species such as Helleborus vesicarius Aucher, and
Tragopogon porrifolius subsp. longirostris (Sch.Bip.) Greuter, Helichrysum plicatum (D.C.) subsp.
plicatum, Astragalus macrocephalus Willd. subsp. finitimus (Bunge) Chamberlain were commonly
seen in the area before the fire have not yet been seen twelve years after the fire. The results of the
study are important in terms of showing the damage caused by forest fires to the vegetation and

the process it takes for the area to regain cover.

Keywords: Ahir Mountain, forest fire, secondary succession, Kahramanmarash, areas

Introduction

Today, forest areas cover 29.53% of the
world’s area and spread over 44 billion km?2.
The concept of forest in general; is An ecosys-
tem, a life, formed by trees, shrubs, shrubs and
all kinds of herbaceous plants of a certain size,
structure and density spread in an area, moss-
es, lichens, ferns and fungi, and various micro
and macro-organisms living underground and
above ground, together with the natural envi-
ronment in which they live. It can be defined as
biocoenosis (Baysal, 2008).

Our world today is generally divided into
various realms: Holarctic, Mediterranean, Afri-
can, Indian, Islands and Pacific, Palaeotropical,
Neo-intertropical, Southern Africa, Antarctica,
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Andean and Australia. Turkey is located within
the borders of the first two of these regions,
that is the Holarctic and Mediterranean realms,
and includes three major phytogeographical
region elements: Euro-Siberian, Irano-Turanian
and Mediterranean (Ansin, 1999).

Our country has a very special and rich po-
sition in terms of biodiversity, considering its
geography. Located at the intersection of three
phytogeographic regions and hosting different
climate types, the natural assets of our coun-
try are almost as rich as a continent (Gokyigit,
2013). Our country’s biological diversity is in-
creasing day by day with discoveries. The rich-
ness of natural diversity also requires the pro-
tection of this richness. Our country is also very
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rich in terms of plant diversity. Almost one-third
of the plants distributed in our country, which
hosts around 12000 plant species, are endemic
to our country (Ozhatay et al., 2009). There are
many different types of forests in our country,
which are rich in terms of forest assets as well
as plant diversity (OGM, 2020). Different types
of forest vegetation can be seen regionally de-
pending on climate, soil structure and altitude
(Kihng & Kutbay, 2007). Especially the so-called
“Anatolian diagonal”; High endemism is ob-
served in the area starting from the Amanos
Mountains to the Eastern Black Sea Region, and
different forest types can be found in this re-
gion due to the influence of landforms, eleva-
tion and climate (Kiling & Kutbay, 2007).

The richness of biological diversity and for-
est existence brings with it some risks. The big-
gest of these risks is forest fires. Regardless of
the reason why forest fires occur, they can cause
major changes in the biodiversity of the region
where they occur. Fire risk increases especially
in areas with a Mediterranean climate with dry
summer periods (Pausas & Vallejo, 1999). Es-
pecially in regions where coniferous trees and
magquis are dense, human-caused fires are pre-
dominantly seen. These fires can cause great
damage depending on the characteristics of the
area where they occur. With climate change,
meteorological and climatic conditions such as
a rise in temperature, an increase in drought,
and continuous heat waves increase the num-
ber of forest fires and regions exposed to fires
(Calda et al., 2020). In the Mediterranean Basin,
forest fires occur frequently, especially in sum-
mer and dry autumn and spring periods. This
situation is an ecological problem whose impor-
tance is increasing day by day (Tath & Tirkes,
2014).

Mountain ecosystems are complex systems
affected by changing environmental factors;
Topographic conditions, especially elevation, di-
rectional extensions of mountains, ruggedness,
slope, temperatures, precipitation, plant distri-
bution and soil conditions, play an important
role in these systems and cause the formation
of different ecological habitats (Atalay, 2008).
Mountainous areas are isolated environments
that lead to changes in plant diversity as well as

an increase in the number of locally distributed
plant taxa (Duran, 2013).

Succession is the situation in which one
plant community is replaced by another in nat-
ural ecosystems (Gokkus & Kog, 2001). Progres-
sive succession refers to the complexity of the
cover and a forward change in the vegetation
due to the increase in species diversity in the
vegetation seen in an area, and regressive or
retrogressive succession refers to the change
seen in the decrease in the density and species
diversity of the vegetation due to any factor
(fire, natural disasters, overgrazing, etc.). It is
called (Akman & Ketenoglu, 1987). Changes oc-
curring in vegetation can be examined in three
different ways: Phenomenological changes, pri-
mary succession and secondary succession (Ak-
man & Ketenoglu, 1987). Phenological changes
may be seasonal or periodic changes occurring
in an area, or they may occur as the emergence
and disappearance of geophytes in an ecosys-
tem with woody species. Primary succession is
the formation of cover in an area where there
was no previous vegetation. Secondary succes-
sion is the development of a new cover as a re-
sult of the destruction or change of the cover
in an area for any reason (Akman & Ketenoglu,
1987).

Kahramanmaras province, which is the sub-
ject of our study, is almost a miniature of our
country. Geographically, our province is located
at the intersection of the Mediterranean, Sout-
heastern Anatolia, Central Anatolia and Eastern
Anatolia regions, and is also phytogeographical-
ly located at the intersection of the Mediterra-
nean and Iran-Turan regions. Due to these fea-
tures, it is very rich in terms of biodiversity and
endemism (Ozhatay et al., 2009). Kahramanma-
ras city centre is located on the foothills of Ahir
Mountain, an important plant area (IPA) (Oz-
hatay et al., 2008). For this reason, the higher
parts of the mountain are generally used as pla-
teaus. The area located on the western slopes
of Ahir Mountain and surrounded by vineyard
houses is locally called “Kazma Vineyards” (Fi.
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Figure 1. Location of the fire zone

This region starts from an altitude of approx-
imately 800 m and rises to 1150 m and is entire-
ly composed of Pinus brutia Ten. It is covered
with forest. Quercus cerris is occasionally found
in areas adjacent to the forest in the region. cer-
ris, Q. libani Olivier, Q. coccifera L. and Q. infec-
toria subsp. There are also maquis formed by
boissieri (Reuter) O. Schwarz species. As you go
to the northwestern parts of the area, Styrax of-
ficinalis L., Ostrya carpinifolia Scop. Their com-
munities are concentrated in forest clearings
and form a maquis formation. Especially along
the western foothills, where settlements are
dense, the forest has been degraded and fruit
trees and viticulture have become widespread.
If the area is 1450 m and above, a sub-alpine
vegetation begins.

An area of 32 hectares was damaged in the
forest fire that started on June 17, 2012, in the
mentioned region and was completely extin-
guished on June 23, 2012. 30 hectares of the
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damaged area is productive forest area, and 2
hectares is degraded forest area. In our study,
studies and field observations carried out in the
fire area or nearby areas were used.

Materials and Methods

The research was carried out based on field
studies conducted between 2012 and 2023.
In addition, records of field studies conducted
by the authors and previous studies in nearby
areas conducted before 2012 were also used
for comparison. In determining the vegetation
before the fire, studies were carried out in the
field and photographs and notes from our field
trips were used. Post-fire data is based on data
obtained from regular field trips every year.
Plant samples are stored in the KSUH (Kahra-
manmaras Sitcli imam University Herbarium).
In the post-fire period, the area was visited reg-
ularly and the formation of the vegetation was
photographed and field records were kept. P.H.
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DAVIS’s work “Flora of Turkey and The East Ag-
ean ISland” was taken as the main source in the
description of the samples.

Results and Discussion

The most comprehensive study carried out
in the field before the fire was the study titled
“Upper Ceyhan Valley Flora” (Tath et al., 2002).
In this study, 412 plant species were identified
from the area including the fire zone. Pre-fire
observations made in the field also coincide
with this study. Additionally, in the study ti-
tled “Flora of the High Mountain Steppes of
Ahir, Binboga and Oksiiz Mountains” conduct-
ed by Ayta¢ and Duman (2005), the flora of
the high steppes of the regions close to the
fire area was studied. Doygun et al. (2014) ob-
served the changes in the vegetation cover of
Ahir Mountain observationally with their study
“Investigation of Kahramanmaras - Ahir Moun-
tain Vegetation Change with Remote Sensing
Method”. Kisakiirek et al. (2014) in their study
titled “Investigation of Kahramanmaras - Ahir
Mountain Vegetation in Line with Bioclimatic
Levels”, determined the bioclimatic layers for
Ahir Mountain by using Kahramanmaras mete-
orology station data and examined the relation-
ships between bioclimatic layers and vegetation
distribution. Ozhatay et al. According to (2005),

Ahir Mountain, where the study area is located,
is also an important plant area (IPA). A direct
study on secondary succession has not been
conducted in the field before.

Pre-Fire Period Vegetation

There are no direct records from the pre-
fire period in the literature studies. Considering
the studies and observations made in the sur-
rounding area, Pinus brutia Ten forest is densely
present in the area and different types of ma-
quis are the dominant vegetation in the forest
clearings (Figure 2). As you move to the west
of the area, forest cover decreases and maquis
cover increases (Figure 3). This has resulted in
a decrease in the canopy area and an increase
in both species diversity and density of herba-
ceous species. Ostrya carpinifolia Scop., which
is not seen elsewhere in the area and Paliurus
spina-christi Mill. species are seen in the west-
ern regions. Again, in this region, Astragalus
species densely serve as cover. In areas close
to the upper border of the fire area, Acantholi-
mon acerosum subsp. brachystachyum (Boiss.)
Dogan&Akaydin, Acantholimon libanoti-
cum Boiss. and Acantholimon kotschyi (Jaub.
&Spach) Boiss. types are seen.

Figure 2. Some species seen intensively in the pre-fire period (1. Helychrisum sp., 2. Iris persica,

3. Astragalus sp.)
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Figure 3. General view of the area before the fire (2011) (Image Source: Google Earth Pro software).

Snow cover can be seen in the area until the
beginning of February. For this reason, vegeta-
tion generally does not appear on the land until
the beginning of March. From the beginning of
March, geophytes begin to show themselves.
Crocus chrysanthus (Herb.) Herb is abundant in
forest clearings. This type is widely seen. In ad-
dition, Iris persica L. is one of the first species to
emerge, especially on the stabilized road at the
lower border of the fire area and in the sloping
area between the road and the forest area. As
we move westward, members of the Helleborus
vesicariaus Aucher and Helychrisum genera be-
gin to emerge. In April and May, as the snow
cover disappears, underground waters rise and
temperatures increase, a rapid herbaceous veg-
etation begins to emerge in the area. During
this period, Salvia multicaulis Vahl., Salvia ab-
sconditiflora Greuter & Burdet, Scutellaria ori-
entalis subspecies, Scutellaria salviifolia Benth.,
Muscari neglectum Guss., Crupina crupinastrum
(Moris) Vis. species are seen frequently. Starting
from the end of May, spiny and hard-bodied
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Asteraceae members, Astragalus and Hedys-
arum species and Epipactis helleborine (L.)
Crantz. species are becoming dominant in the
area. Starting from mid-May, Poaceae mem-
bers also show themselves in the field. Starting
from June, especially when the temperatures
exceed 30 °C, the herbaceous species in the
area are rapidly replaced by hard-bodied herbs
and shrubby species. In July and August, spiny
Asteraceae species, Delphinium peregrinum L.,
Dianthus species and Xeranthemum annuum L.
specimens are frequently seen in the area. Af-
ter August, the number of flowering plants in
the area decreases rapidly. During this period,
Plumbago europaea L. species, Echinops spe-
cies, Cirsium species and some heat-resistant
Asteraceae species can be seen in some parts
of the area. In the autumn period, although
rare, autumn geophytes are encountered. Since
there is frequent snow cover in the area during
the winter, the flora generally consists of woody
species and maquis species.
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Post-Fire Period

First 3 years after fire (between July 2012
and November 2015)

During this period, the destruction of the
fire on the land can be seen (Figures 4, 6 & 7).
Many plant species cannot be seen, especially
in April-May-June, when the flora is rich be-
fore the fire. Hard-bodied herbs and geophytes
can mostly spread in the area (Figure 5), while

annual herbaceous species are concentrated
starting from the lowest border of the fire zone.
In addition, in the first year following the fire,
geophytes dominated the area, especially Cro-
cus graveolens Boiss et. Reuter and Iris persica
L. species spread in the openings in the burned
areas.

Figure 4. View from the area after the fire is extinguished

The vegetation remained very weak due
to human impacts such as intense reclama-
tion work in the area in 2013 and 2014 and
the opening of access roads to access the logs
in the forest. The most obvious change in the
area during this period is the descent into the
forest of some species that were previously
seen above the upper limit of the area. Securig-
era grandiflora Boiss, S. varia (L.) Lassen sub-
species, Butiminaria butiminosa (L.) C.H.Stirt,
species are examples of these plants. Addition-
ally, Apiaceae members, which are rarely seen

in the area, were seen in greater numbers in
the post-fire period (Figure 8). 2015 is the year
when the vegetation is more clearly shaped.
During this period, the remnants of the fire and
its impact on the soil significantly decreased,
and herbaceous species found more spreading
areas thanks to the cleaning of the soil surface
through rainfall and floods. In the parts of the
area that were not destroyed, vegetation simi-
lar to that before the fire continues to exist.
Since May 2015, some species such as Sal-
via verbenaca L. and Teucrium polium L., which
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have not been seen before in the area, have
started to spread, although not very densely.
Especially the edges of the stabilized road close
to the forest, which separates the forest area
and the vineyard houses, have created a very
dense and rich cover with the seeds brought by
the rain. During this period, maquis density in
the fire area also increased. Especially Juniperus
oxycedrus L., Quercus coccifera L. and Quercus
cerris L. var. cerris species have expanded their

distribution areas considerably. In addition,
members of the Styrax officinalis L. species be-
gan to be seen more in areas closer to the road,
on the western border of the area and in the
lower part of the road that was not affected by
the fire. Despite all this, the diversity of the area
and the density of vegetation are much weaker
than before the fire.

Figure 5. Some species observed in the three years after the fire (1. Linaria kurdica, 2. Turgenia latifolia, 3.

Centaurea virgata)

Figure 6. General view of the area soon after the fire (Image Source: Google Earth Pro software)
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Figure 7. General view of the area in 2014 (Image Source: Google Earth Pro software

4th — 7th years after the fire (between Jan-
uary 2016 and November 2019)

Vegetation began to take shape clearly in
the area in the fourth year following the fire
(Figure 9). In parallel with the maquis formation
in the fire area, herbaceous species decreased
in density and were replaced by hard-bodied
perennials. However, diversity continued to in-
crease at the borders of the fire area. During
this period, species that were seen in the area
before the fire but were not seen in the first
three years began to appear. In addition, Alli-
um ampeloprasum L. and Centaurea tomen-
tella Hand.-Mazz species have started to show
themselves, especially in areas close to the
road. The most important issue here is that the
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species that were densely distributed in high-
er regions before the fire expanded their dis-
tribution areas after the fire. The main reason
for this may be that the destroyed forest area
previously served as a barrier for these species.
Lactuca sp., which was previously encountered
from ~1300 m altitude, which is the upper limit
of the forest. and Linaria sp. species have also
begun to be seen at lower elevations. In the
openings formed, Hypericum sp., Scrophularia
sp., Scabiosa sp., Convolvulus sp., Serratula cer-
inthifolia (Sm.) Boiss., Alcea apterocarpa (Fen-
zI.) Boiss., Michauxia campanuloides 'Herit ex
Aiton, Dianthus anatolicus Boiss., Papaver dubi-
um L. species have begun to spread.
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Figure 8. Some species seen between the 4th and 7th years after the fire (1. Cichorium inthybus, 2. Klasea

cerinthifolia, 3.0nosma sp.)

The area began to take on an appearance
close to the pre-fire period from the middle of
this period, that is, from the fifth year. However,
the same level has not been reached in terms
of vegetation density and periodic species
richness.

8th - 10th years after the fire (January 2020 -
July 2022)

Towards the end of the 8th year follow-
ing the fire, the forest area began to reshape

(Figure 10 &11). Although no planting was done
in the area, Pinus brutia Ten. seedlings emerg-
ing through seeding are noteworthy. In addi-
tion, widespread maquis formation is also seen.
In the 9th and 10th years, the vegetation has
gained its characteristics. Especially from the
end of April, herbaceous plants began to ap-
pear densely in the area, and Sideritis, Stachys
and Salvia species were found in groups.

Figure 9. General view of the area in 2017 (Image Source: Google Earth Pro software)
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Figure 10. A view of the fire area in 2020

Especially in the clearings within the forest
and on the sides of the roads, Lamiaceae and As-
teraceae members are densely visible. In addi-
tion, Fabaceae members also show themselves
from the end of May. Another striking situation
during these periods is the local deterioration
observed due to the increase in the number of
wild boar (Sus scrofa) in the area. After the fire,
the wild boar population in the area increased
rapidly and herd populations began to be seen

all over the fire area. The damage caused by
the herds on both the soil and the vegetation
reaches serious dimensions in some places. In
addition to this, human-induced damage is also
observed around the vineyard houses in the
area. In contrast, the vegetation of the area has
reached an appearance very close to the pre-
fire period.

Figure 11. General view of the area in 2020 (Image Source: Google Earth Pro software)
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The study results showed that when the
long-term effects of forest fires are combined
with human-induced problems, it takes approx-
imately 8 years for the vegetation to recover. At
the end of this period, the cover is reshaped,
and some species seen in the pre-fire period
cannot be observed again after the fire; on the
other hand, some species that were not in the
area before the fire or were in neighbouring

areas were moved to the fire area (Table 1
and Table 2). In addition, it was observed that
fire-related damage was seen in the fire area in
the first 5 years, the forest area rapidly became
maquis, the number of hard-stemmed species
increased, and both the number and density of
herbaceous plant species decreased compared
to before the fire.

Table 1.
Species seen before the fire but not seen again after the fire
Name of Taxa Date of Habit/location
observation
before the fire
Euphorbia anacampseros Boiss. 30.04.2008 Water gully surroundings
within forest areas
Astragalus macrocephalus Willd. subsp. finiti- 12.07.2009 In the open area between the
mus (Bunge) Chamberlain forest and the road, on a shady
slope facing north.
Tragopogon porrifolius subsp. longirostris 18.04.2009 Road sides
(Sch.Bip.) Greuter
Helichrysum plicatum (D.C.) subsp. plicatum 26.06.2010 Border of vineyard houses and
forest area, open steppe area.
Veronica thymoides subsp. pseudocinerea 19.05.2011 Stony slopes
M.A.Fish.
Hesperis bicuspidata (Willd.) Poir. 19.05.2011 Steppe near forest openning
Campanula stricta var. stricta L. 09.07.2011 Between the Road side and the
stony slopes
Nigella stellaris Boiss. Road sides
Scutellaria brevibracteata subsp. 10.06.2012 Road side
brevibracteata
Table 2.
Taxa seen after the fire that were not seen before the fire
Taxa Date of observa- Habit/location
tion after the fire
Salvia verbenaca L. 01.05.2014 Forest sides
Teucrium polium L. 14.06.2014 Water gully, stony places
Allium ampeloprasum L. 14.06.2014 Road sides
Linaria kurdica subsp. pycnophylla 25.06.2016 All over the fire area
(Boiss. & Balansa) P.H.Davis
Linum pubescens Banks&Sol 19.05.2016 All over the fire area
Centaurea tomentella Hand.-Mazz 15.07.2019 The fire area is surrounded by
roadsides and forest clearings.

Another result of the study is that coniferous
trees that are eliminated in fire areas are gener-
ally replaced by maquis, and it takes eight to ten
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years for forest cover to emerge in areas where
no reclamation or planting is done. Especially
since fire damage to the soil affects the subsoil
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temperature, humidity and above-ground fau-
na, it is observed that the germination and
spreading characteristics of plants also change.
Increasing average temperatures cause chang-
es in the flowering periods of plants. This leads
to periodic changes in the cover in the area. For
example, Crocus sp. members that started to be
observed in April in the pre-fire period can be
observed from the end of March after the fire.
The decrease in the forest cover in the area and
its complete disappearance in a certain region
also affected the climate character of the area.
As a result of this, differences are also seen in
the vegetation. In the area where shade plants
were seen in the pre-fire period when the for-
est cover was lush, shade plants decreased in
number and diversity after the fire. In particu-
lar, the disappearance of the needle leaves cov-
ering the soil surface has also created an oppor-
tunity for spreading plants. Convolvulus species
can find wide distribution areas in the steppes
formed in the forest. The removal of needle
leaves on the soil also provided the opportuni-
ty for the spread of hard-stemmed and durable
steppe plants. In these areas, relatively wide-
spread and durable species such as Butiminaria
butiminosa (L.) C.H.Stirt, Onobrychis galegifolia
Boiss. escaped downstream from the fire area
and spread along the road bordering the area.
Our observations and field studies have
shown that forest fires cause irreparable dam-
age to the areas where they occur and that this
period is even longer in areas where rehabili-
tation is not carried out. Especially when ar-
eas with narrowly distributed endemic plants
are destroyed, this can cause the extinction of
these species. As fire areas expand, the damage
increases. The proximity of fire areas to settle-
ments also directly affects succession. Succes-
sion in areas close to settlements takes longer.
Factors such as grazing, construction, road con-
struction, and opening of mining areas in the
area also have negative effects on succession.
Since our study in the study area is based
on observation, it may not provide detailed
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information about the area’s flora. If compara-
tive and detailed floristic studies are conducted
in the fire areas and these studies are support-
ed, clearer results will certainly be obtained. In
addition, field observations have shown that
coniferous forests have lower fire resistance.
Because broad-leaved trees and maquis locat-
ed in the fire area were less affected by the fire.

Conclusion

This study highlights the significant ecolog-
ical impacts of the forest fire that occurred in
the Kazma Baglari region of Kahramanmaras in
2012. Observations over a 12-year period have
demonstrated that forest fires not only cause
immediate destruction of vegetation but also
lead to long-term ecological changes. The initial
recovery, characterized by annual and biennial
herbaceous plants, began within a year after
the fire, while permanent vegetation started
forming in the third year. However, some key
species that were present before the fire, such
as Helleborus vesicarius, Astragalus macroceph-
alus, and Helichrysum plicatum, have not reap-
peared, indicating potential local extinctions.

The study revealed that the affected forest
area has largely transitioned into a maquis-dom-
inated ecosystem, with coniferous regeneration
occurring only sporadically. This transformation
is likely influenced by post-fire soil changes,
microclimatic shifts, and human activities such
as grazing and land use near the affected area.
Additionally, the prolonged recovery period
and the absence of pre-fire species underscore
the importance of active ecological restoration
efforts, especially in areas rich in endemic and
narrowly distributed species.

In conclusion, the findings emphasize the
critical need for sustainable forest management
practices, long-term ecological monitoring, and
conservation strategies to mitigate the long-last-
ing effects of forest fires and support biodiver-
sity recovery in fire-affected ecosystems.
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