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Abstract. The purpose of the study was to conduct a chorological analysis of six 
species of the genus Dianthus in the Nakhchivan Autonomous Republic, using field and 
molecular genetic methods. The main focus was on their geographical distribution, 
population status, and genetic diversity. As a result of the study of six species of the 
genus Dianthus, significant differences were found in their geographical distribution, 
ecological niches, and adaptation to local conditions. Molecular genetic analysis 
showed a high level of genetic diversity among populations of Dianthus nahcivanensis 
and Dianthus nakhchivanicus, which confirmed their uniqueness and endemic status. It 
has also been proven that the genus Dianthus has a high species diversity and shows 
significant variations in its distribution depending on the geographical and climatic 
conditions of the region. The study used geobotanic methods to determine the habitats 
of species and analyse factors affecting their distribution. In particular, features of 
the habitat were identified in connection with the local conditions of the Nakhchivan 
Autonomous Republic, which included a significant number of endemic species. 
The genetic analysis performed using the polymerase chain reaction method and 
sequencing helped to identify the level of genetic diversity and establish phylogenetic 
relationships between populations. It was found that Dianthus raddeanus, Dianthus 
parviflorus, Dianthus nakhchivanicus and Dianthus nahcivanensis species are more 
vulnerable due to the impact of anthropogenic activities, in particular agriculture and 
grazing, which has led to a decrease in the area of their habitat. Modelling using the 
maximum entropy method showed potential zones of expansion of species habitats 
under favourable ecological conditions. The results obtained were important for 
understanding the ecological patterns of distribution of the genus Dianthus in the 
region and the development of strategies for preserving biodiversity in the face of 
climate change and anthropogenic pressure. Based on the study, it was recommended 
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INTRODUCTION
Genus Dianthus (carnation) belongs to the family Car-
yophyllaceae and includes more than 300 species dis-
tributed mainly in temperate and subtropical zones of 
Eurasia. This genus is an important object of botani-
cal research due to its considerable diversity and the 
presence of endemic and rare species in need of pro-
tection. In the South Caucasus region, in particular in 
the Nakhchivan Autonomous Republic, Dianthus is rep-
resented by a number of unique species that demon-
strate significant ecological plasticity and genetic 
diversification. However, despite this, research on bio-
geography, ecology, and genetic diversity of represent-
atives of the genus Dianthus in this region is limited.

In the scientific literature, it has been repeatedly 
noted that species of the genus Dianthus are of great 
evolutionary and ecological importance because of 
their ability to adapt to diverse ecosystems. Some 
species of this genus are widely distributed in Eurasia 
and North Africa, while others are narrowly endemic. 
In particular, studies have shown that endemic spe-
cies such as Dianthus nahcivanensis and Dianthus na-
khchivanicus, have limited geographical distribution 
and significant genetic isolation, which makes them 
vulnerable to environmental changes (Terlević  et 
al. ,  2022). In addition, studies of the chemical com-
position of extracts of these compounds can open up 
new opportunities for creating safer pharmaceutical 
products. Thus, M.Z.  Mladenović  et al. ,  (2023) study 
identified 275 components that were part of the flow-
er extract, while 18 of them, as it was noted, were 
completely new compounds. In a more up-to-date 
2024 paper, P.-J. Hou et al.  (2024) discovered the me-
dicinal properties of clove extract in the prevention of 
urolithiasis. A large study was also conducted by the 
A.K. Celik et al. (2024) research group, which revealed 
high anti-cancer and antioxidant activity of endem-
ic species of Dianthus. In the Republic of Azerbaijan, 
researchers from the Institute of Plant Chemistry of 
the Academy of Sciences identified 6 compounds with 
Dianthus helenae which subsequently demonstrated 
anticonvulsant and nootropic effects (Yusupova  et 
al. , 2021). All this may indicate a significant potential 
for further study of this genus not only in the frame-
work of geobotanical research, but also in medical and 
pharmaceutical chemistry.

Previous studies of the Caucasus flora have shown 
that the South Caucasus region is an important cen-
tre of biodiversity with a large number of endemic 
species, including not only representatives of the ge-
nus Dianthus, but also many other families (Beker &  

Rączka,  2019; Kuljanishvili  et al. ,  2021). In particu-
lar, the Nakhchivan Autonomous Republic is a place 
of distribution of numerous endemic and rare plant 
species, which makes this region key for the protec-
tion of biodiversity. Given the climatic and geological 
features of the region, many species show high adap-
tation to harsh conditions such as lack of moisture, 
increased solar radiation, and stony soils (Elizbarash-
vili et al. , 2021). One of the key problems that arose in 
the study of the flora of the Caucasus is the influence 
of anthropogenic factors on natural ecosystems. A 
number of studies show that grazing, agriculture, and 
construction have a significant impact on the popula-
tion status of many plant species, including members 
of the genus Dianthus.

However, since 2018, significant progress has been 
made in understanding the molecular genetics of spe-
cies of the genus Dianthus (Lin et al. , 2022; Franzoni et 
al. ,  2023). The use of modern methods of molecular 
genetic analysis allows researchers to determine the 
genetic structure of populations, the level of genetic 
diversification, and to identify relationships between 
similar species. In particular, studies using polymer-
ase chain reaction (PCR) and DNA (deoxyribonucleic 
acid) sequencing methods have revealed unique ge-
netic markers for rare and endemic species (Meng et 
al. , 2023). However, anthropogenic factors can lead to 
a significant decrease in the number and fragmenta-
tion of populations, which increases the risk of extinc-
tion of individual species. Vulnerable species grow-
ing in regions with significant anthropogenic impact 
showed low regenerative capacity and genetic diversi-
ty (Glibovytska et al. , 2024). Thus, the study of species 
of the genus Dianthus in Nakhchivan is an important 
contribution to understanding the biogeography and 
genetic structure of the plant world of the Caucasus. 
The results of this study can serve as a basis for devel-
oping strategies for the protection of rare and endem-
ic plant species in the region, and contribute to further 
research on the genetic diversity of representatives of 
the genus Dianthus.

The purpose of this study was to carry out a com-
prehensive chorological analysis of six species of the 
genus Dianthus growing in the Nakhchivan Autono-
mous Republic, using both field and molecular genetic 
methods. Special attention was paid to the following 
species: Dianthus raddeanus, Dianthus orientalis, Dian-
thus parviflorus, Dianthus elegans, Dianthus nahcivanen-
sis, and Dianthus nakhchivanicus, which are important 
components of the region’s mountain ecosystems. 

to create or expand protected areas, limit anthropogenic impact, and conduct additional monitoring of the number 
and genetic structure of Dianthus populations
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MATERIALS AND METHODS
In the course of the study, several aspects of the biol-
ogy and ecology of six species of the genus Dianthus, 
which grew up in the Nakhchivan Autonomous Repub-
lic, were analysed. In addition to molecular genetic 
analysis, laboratory analysis and the use of modern 
methods of geographic information systems (GIS), a 
comprehensive field study was conducted, which in-
cluded the collection of geographical data, soil char-
acteristics, determination of microclimatic conditions, 
and assessment of the state of populations and an-
thropogenic impacts. The collected samples were 
identified at the species level using Caucasian flora 
determinants, after which they were dried and her-
barised for further analysis in the laboratory. During 
the collection of samples, the main ecological param-
eters of habitats were recorded, in particular the type 
of soil, the level of illumination, air temperature, and 
relative humidity.

Field studies were conducted during two growing 
seasons (from May to October 2022 and 2023) in var-
ious environmental conditions of the Nakhchivan Au-
tonomous Republic. Surveys were carried out by route 
expeditions, during which samples of plant material 
were collected from various types of habitats, such 
as highlands, foothills, and forest-steppe and steppe 
ecosystems. During field work, GPS devices were used 
to accurately determine the coordinates of species’ 
growth sites. The following parameters were record-
ed in each growth site: geographical coordinates (lat-
itude, longitude, altitude above sea level); soil type 
and its physical and chemical properties; microclimat-
ic conditions (temperature, humidity, illumination); 
population status (density, number, degree of dam-
age); presence of anthropogenic influences (degree of 
grazing, traces of land cultivation, development).

Herbarium collections from local and internation-
al botanical institutes and museums were also used 
to obtain more detailed data, which contained infor-
mation about collection sites, morphological features, 
flowering periods, and other characteristics of species 
Dianthus. The herbarium of the National Institute of 
Azerbaijan provided access to important data on spe-
cies collected in the country, including the Nakhchivan 
Autonomous Republic: herbarium samples of Dianthus 
elegans and Dianthus parviflorus, information on histor-
ical collection sites of species and their prevalence in 
mountainous areas, data on soil conditions and climatic 
characteristics of places where samples were collect-
ed. The herbarium of the Nakhchivan Institute of Bot-
any was one of the key sources of information about 
endemic species of Dianthus from the region. The fol-
lowing data were used: herbarium samples of Dianthus 
nahcivanensis and Dianthus nakhchivanicus, sample col-
lection sites, in particular exact coordinates and envi-
ronmental conditions, morphological descriptions such 
as stem length, leaf shape, flower structure, information 

about flowering periods, which helped in determining 
the phenological phases of species.

Methods of chorological analysis were used to de-
termine the distribution areas of species of the genus 
Dianthus. Habitat maps were created based on litera-
ture data, herbarium collections, and samples obtained 
during field surveys. For this purpose, geographic in-
formation systems (GIs) were used, which helped to 
combine various data sources and build maps of areas 
indicating high-altitude belts and habitat types. QGIS 
software was used for data analysis and visualisation. 
1:50000 and 1:100000 scale topographic maps of the 
region were used to analyse the geographical distribu-
tion of species, and geological maps to determine the 
relationship between soil conditions, topography, and 
species distribution of Dianthus.

Data on the distribution of species were analysed 
using the maximum entropy model (MaxEnt), which 
helped to identify potential distribution zones of spe-
cies considering environmental factors. Data on tem-
perature, humidity, light, and other parameters that are 
critical for species survival in certain conditions were 
collected and processed. The model was calibrated 
based on 75% of the training data, and the remaining 
25% was used to test the accuracy of the forecast. Dur-
ing field studies, soil samples were collected from dif-
ferent areas where the species grew. Each soil sample 
was collected at a depth of 10-15 cm, which is stand-
ard for analysing the surface layer of soil. Soil collec-
tion sites corresponded to the coordinates of species 
growth points of Dianthus.

The collected samples were dried at room tem-
perature and then transported to a laboratory for fur-
ther analysis. The laboratory analysis included several 
stages. First, the physical properties of the soil were 
determined by granulometric analysis to determine the 
content of sand, silt, and clay in the samples. The sieve 
analysis method and the hydrometric method were 
used to assess the mechanical composition of the soil. 
Soil pH values were also measured using an electronic 
pH meter. The Valkley-Black method (burning organic 
matter) was used to analyse the organic matter content. 
Nitrates, phosphates, and other mineral elements were 
determined by spectrophotometry. Atomic absorption 
spectrometry and colour testing methods were used to 
analyse the content of macro- and microelements such 
as nitrogen, potassium, and phosphorus. This helped to 
assess the potential of the soil to support plant growth. 
These data were used to establish correlations between 
soil types, their physical and chemical properties, and 
the state of populations of species in the genus Dianthus.

Molecular genetic analysis was performed to as-
sess the genetic diversity of Dianthus species and their 
evolutionary relationships. For this purpose, the poly-
merase chain reaction (PCR) method with randomly 
amplified DNA (RAPD) and DNA sequencing analysis 
were used. DNA was isolated from the samples using 
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the standard CTAB (cetyltrimethylammonium bromide 
method) method, which is effective for isolating DNA in 
plant samples with a high content of polyphenols and 
polysaccharides. The quantity and quality of the isolated 
DNA were checked by spectrophotometry and agarose 
gel electrophoresis. The optimal DNA concentration in-
dex for subsequent manipulations was at least 50 ng/μL. 
A total of 48 samples were taken from different popula-
tions of each species, followed by DNA extraction using 
the QIAamp DNA Mini Kit in accordance with the man-
ufacturer’s instructions. PCR primers were developed 
based on chloroplast genes and nuclear markers, which 
made it possible to assess both chloroplast and nucle-
ar genetic diversity. The PCR procedure was performed 
using a temperature cycle consisting of denaturation 
at 95°C, annealing of primers at 50-60°C, and elonga-
tion at 72°C. The number of PCR cycles was optimised 
to 35-40 to achieve the maximum amount of amplified 
product without losing the specificity of the reaction.

The samples were then sequenced using the Sanger 
method, and the results were analysed using MEGA X 
software suite to build phylogenetic trees and deter-
mine the level of genetic diversity of each species. The 
obtained DNA sequences were compared with Nation-
al Center for Biotechnology Information (NCBI) (2024) 
databases to determine phylogenetic relationships and 
potential evolutionary lineages. PCR products were an-
alysed by electrophoresis in 2% agarose gel using mo-
lecular weight markers to compare amplicon sizes. The 
obtained data from sequencing and PCR analysis of am-
plicons were used to assess the level of genetic diversity 
among populations. Indicators such as the Nei’s genet-
ic diversity index, heterozygosity level, and the number 
of alleles per locus were used. Calculations were per-
formed using the GenePop and Arlequin programmes. To 
assess the impact of anthropogenic factors on the num-
ber and distribution of species, local residents, agricul-
tural workers and environmentalists were interviewed, 
and satellite images of the territory over the past 20 
years were analysed. The survey was conducted using 
standardised questionnaires that contained the follow-
ing blocks of questions: general information on land use, 
the impact of grazing, anthropogenic load and devel-
opment, nature conservation, and species conservation.

A total of 150 respondents were interviewed, in-
cluding: 75 people, mostly farmers and landowners, 
who had many years of economic experience in the re-
gion, 50 people who worked directly in fields and pas-
tures, with an average work experience of more than 15 
years, 25 experts who participated in field research and 
observations in the Nakhchivan Autonomous Republic. 
The work experience of environmentalists ranged from 
10 to 25 years, which provided a high level of expert as-
sessment of anthropogenic impacts. Areas with active 
anthropogenic activity were also identified, in particu-
lar, agricultural land, grazing and development areas. 
Based on the collected data, indices of the impact of 
anthropogenic factors for each habitat of species of the 
genus Dianthus were calculated. The data was integrat-
ed into GIS, which helped to create risk maps for each 
species and assess the degree of extinction of popula-
tions. All the data obtained were subjected to statistical 
analysis using software. Variance analysis (ANOVA) was 
used to compare environmental parameters between 
different species and populations. Correlation analyses 
were used to analyse the relationship between genetic 
diversity and anthropogenic factors.

RESULTS
During the study, field and laboratory studies of six 
species of the genus Dianthus were conducted in the 
Nakhchivan Autonomous Republic, covering the collec-
tion of geographical, environmental, and genetic data 
for a comprehensive assessment of their biological and 
environmental characteristics. The results of the study 
showed that the species of the genus Dianthus in the 
South Caucasus region has an uneven distribution as-
sociated with the diverse environmental conditions 
present in this region. It was found that the greatest 
abundance and diversity of species is observed at alti-
tudes from 1500 to 2500 metres above sea level, where 
species such as Dianthus raddeanus and Dianthus ori-
entalis grow. In the flat and foothill areas, in particu-
lar in the Nakhchivan Autonomous Republic, species 
Dianthus parviflorus and Dianthus elegans were mainly 
found. These species have shown resistance to harsher 
climatic conditions, such as high temperatures and low 
precipitation (Table 1).

Species of Dianthus Height belt (m) Latitude Longitude Soil type Average annual 
temperature (°C)

Average 
precipitation (mm)

Dianthus raddeanus 1,200-1,400 39.240° N 45.420° E Stony, gravel 10-15 600-800

Dianthus orientalis 1,500-1,700 39.300° N 45.450° E Sandy loam 8-12 500-700

Dianthus parviflorus 1,100-1,300 39.200° N 45.480° E Sandy, clay 12-18 200-400

Dianthus elegans 1,700-1,900 39.380° N 45.400° E Forest, loamy 14-20 300-500

Dianthus nahcivanensis 1,400-1,600 39.400° N 45.360° E Stony soils 14-24
Dianthus 

nakhchivanicus 1,600-1,800 39.290° N 45.390° E Mountain 
chernozems 14-22

Table 1. Distribution of the main species of Dianthus in the region by climatic conditions

Source: created by the author
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Species Dianthus elegans was found on the highest 
mountain areas (1700-1900  m), while Dianthus parvi-
florus grew at lower altitudes (1100-1300 m). Dianthus 
nakhchivanicus grows at altitudes of 1600-1800  m, 
while Dianthus nahcivanensis recorded at altitudes of 
1400-1600 m. Species of Dianthus raddeanus, Dianthus 
parviflorus, and Dianthus orientalis were found at alti-
tudes from 400 to 1500 m, indicating a wider ecological 
habitat. These data showed that the species adapted to 
different ecological niches in the study region.

Microclimatic conditions in the growing areas var-
ied depending on the altitude zone and location. Tem-
peratures ranged from 18°C to 28°C during the growing 
season. The highest temperatures were recorded in pop-
ulations Dianthus raddeanus, Dianthus orientalis, and Di-
anthus parviflorus, which grew in low-lying areas where 
the average daily temperature reached 28°C. In high-al-
titude populations of Dianthus nahcivanensis and Dian-
thus nakhchivanicus, the temperature conditions were 

more moderate, with an average of about 20-22°C. In 
terms of humidity, populations located at high altitudes 
had higher humidity levels (up to 70% in the morning), 
while low-lying populations were characterised by low-
er humidity levels (40-50%). Illumination in all places 
of growth was high, which met the specific environ-
mental requirements of the genus Dianthus to the light.

The population status showed different levels of 
density and abundance for each species. Dianthus parv-
iflorus showed the highest abundance, while Dianthus 
elegans had the lowest density. Dianthus nahcivanensis 
and Dianthus nakhchivanicus showed moderate levels 
of density and abundance, which indicated stable pop-
ulations in their habitats (Table 2). Population assess-
ment also included analysis of plant damage. Signifi-
cant damage was recorded in populations of Dianthus 
raddeanus and Dianthus orientalis through grazing and 
trampling, which led to a decrease in the population 
size and damage to root systems.

Species Density (plants/m²) Number (individuals) Degree of damage (%)

Dianthus raddeanus 30-40 150-200 10-15
Dianthus orientalis 25-35 100-150 20
Dianthus parviflorus 40-50 250-300 10

Dianthus elegans 10-20 50-80 15
Dianthus nahcivanensis 20-30 120-180 10-12
Dianthus nakhchivanicus 15-25 80-100 12

Table 2. Status of Dianthus species populations in the South Caucasus region

Source: created by the author

Dianthus elegans, which was recorded at altitudes 
up to 1900 m, was characterised by the ability to grow 
on red soils in more severe climatic conditions. The soils 
on which the species grew ranged from stony to red 
clay soil. Species Dianthus elegans was characterised by 

the highest content of organic matter and nitrogen in 
the soil, which explains its distribution on red soils. Di-
anthus nahcivanensis and Dianthus nakhchivanicus had a 
slightly lower content of organic substances and grew 
on stony and mountainous chernozems (Table 3).

Species Soil type pH Organic content (%) Nitrogen (%)

Dianthus raddeanus Stony soils 7 3.2. 0.14
Dianthus orientalis Mountain chernozems 6.8 3.5 0.15
Dianthus parviflorus Loam 7.1 2.8 0.12

Dianthus elegans Red soils 7 4 0.18
Dianthus nahcivanensis Stony soils 6.7 2.9 0.13
Dianthus nakhchivanicus Mountain chernozems 6.9 3.7 0.16

Table 3. Soil types and their physical and chemical properties

Source: created by the author

Analysis of the soils in which the studied species 
grew showed significant variability in physical and 
chemical properties. The soils in the areas of Dianthus 
nahcivanensis growth had high stoniness and low hu-
mus content (about 2.5%), which indicated that this 
species was adapted to poor conditions. The soils on 
which Dianthus nakhchivanicus grew were character-
ised by moderate stoniness and a humus content of 
3.1-3.5%, which created more favourable conditions 

for growth. In species populations of Dianthus rad-
deanus, Dianthus orientalis, and Dianthus parviflorus, 
the soils were moderately sandy with a low content 
of nitrogen and organic matter, which indicated their 
adaptability to harsh environmental conditions.

As a result of the conducted chemical analysis of 
the soil for the study of six species of the genus Dian-
thus in the Nakhchivan Autonomous Republic, the fol-
lowing results were obtained regarding the content 
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of mineral elements and macronutrients in various soil 
samples. Soil samples were taken from growth sites of the 
species Dianthus raddeanus, Dianthus orientalis, Dianthus 
parviflorus, Dianthus elegans, Dianthus nahcivanensis, and 
Dianthus nakhchivanicus. Nitrogen content was relatively  

stable in all samples, with the highest rates found at 
growth sites of Dianthus parviflorus and Dianthus nah-
civanensis. The potassium and phosphorus content were 
highest in the soils with Dianthus parviflorus, which 
may indicate more fertile soils in these areas (Table 4).

Species Nitrogen (mg/kg) Potassium (mg/kg) Phosphorus (mg/kg)

Dianthus raddeanus 8 300 15

Dianthus orientalis 7 250 12

Dianthus parviflorus 9 320 18

Dianthus elegans 7.5 280 14

Dianthus nahcivanensis 8.2 310 16

Dianthus nakhchivanicus 6.5 230 10

Table 4. Content of trace elements in the soils at the growth sites of the species of Dianthus

Source: created by the author

The results obtained showed that the soils of 
the growth of species of the genus Dianthus have a 
neutral-alkaline pH, moderate organic matter con-
tent, and different levels of macro- and microele-
ments. This indicated that the species of the genus 
Dianthus can adapt to different soil conditions, but 
there have been some advantages over more fertile 
and nutrient-rich areas. The conducted interview of 
local residents, agricultural workers and environmen-
talists helped to collect information on the impact 

of anthropogenic factors on species of the genus Di-
anthus in the Nakhchivan Autonomous Republic. The 
data obtained were presented in the form of tables 
for convenient evaluation of the results. According to 
the results of the interview, most agricultural workers 
used pesticides to treat their land, which contributed 
to a change in the flora and, possibly, a decrease in 
the number of some species of Dianthus. Environmen-
talists recorded a high proportion of changes in the 
flora of the region (Table 5).

Category  
of respondents

Number  
of respondents

Average duration  
of activity (years)

Pesticide use  
(%)

Changes in flora  
and soil (%)

Local residents 75 20 60 55

Agricultural workers 50 15 80 70

Environmentalists 25 18 N/A 80

Table 5. General information on land use

Source: created by the author

Grazing significantly affected vegetation, especially 
in regions with large livestock numbers. Environmen-

talists noted a significant decline in the populations of 
some species of Dianthus in such territories (Table 6).

Category of respondents Number  
of respondents

Average number  
of livestock per farm

Vegetation  
changes (%)

Changes  
in soils (%)

Local residents 75 50 65 50

Agricultural workers 50 75 70 65

Environmentalists 25 N/A 85 70

Table 6. Impact of grazing

Source: created by the author

Anthropogenic activities, in particular development 
and changes in water resources, have caused a deterio-
ration in the environmental situation. Environmentalists  

noted that new buildings have had a particularly neg-
ative impact on the growth areas of rare species of Di-
anthus (Table 7).
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Only a small proportion of local residents and agri-
cultural workers were aware of the existence of rare and 

endemic species of Dianthus (Table 8), while environ-
mentalists actively supported measures to protect them.

Table 7. Anthropogenic load and development
Category  

of respondents
Number  

of respondents
New buildings  

nearby (%)
Changes in water 

resources (%)
Environmental 

degradation (%)
Local residents 75 40 30 50

Agricultural workers 50 55 45 60

Environmentalists 25 75 65 80

Source: created by the author

Category  
of respondents

Number  
of respondents

Knowledge  
of rare species (%)

Support  
for security measures (%)

Local residents 75 30 20

Agricultural workers 50 25 35

Environmentalists 25 95 90

Table 8. Nature conservation and species conservation

Source: created by the author

The survey showed that a small part of the lo-
cal population showed knowledge of rare species, 
which indicates the need to raise awareness and 
implement conservation measures to preserve the 
local flora. Anthropogenic factors such as agricultur-
al activity, grazing, and land-use changes were also 

found to have a significant impact on populations 
of rare and endemic species (Table 9). In areas with 
intensive grazing, significant vegetation damage has 
been observed, which may lead to a decrease in the 
number of species, such as Dianthus nahcivanensis, 
in the future.

Species Type of anthropogenic 
impact

Impact  
level

Change  
in population (%) Main threats

Dianthus orientalis Grazing of livestock Moderate -20 Soil degradation, 
trampling

Dianthus raddeanus Agriculture Moderate -25 Reduction of natural 
habitats

Dianthus parviflorus Development High -40 Loss of habitat

Dianthus elegans Agriculture Low -15 Limited competition 
with other species

Dianthus nahcivanensis Intensive grazing High -50 Trampling, 
environmental pollution

Dianthus nakhchivanicus Agriculture High -45 Loss of natural habitats

Table 9. Influence of anthropogenic factors on population size

Source: created by the author

Spectrophotometric analysis showed that the con-
centration of isolated DNA in all samples exceeded 
50 ng/μL, which allowed the use of these samples for 
further PCR analysis. The quality of the isolated DNA 
was checked by agarose gel electrophoresis, where all 
samples showed clear bands, indicating no DNA degra-
dation. For each of the six species of Dianthus, several 
genetic markers were amplified, in particular microsat-
ellites or single sequence repeats (SSRs) and internally 
transcribed spacers (ITS). The optimal annealing tem-
perature of the primers was 55°C for SSR markers and 
52°C for its markers. After 35 PCR cycles, amplicons of 
the desired size were obtained, which was confirmed 
by the results of electrophoresis in 2% agarose gel. All 

the samples under study gave different amplification 
products, the dimensions of which coincided with those 
expected in previous studies.

The amplified DNA fragments were sequenced ac-
cording to the Sanger method. The resulting DNA se-
quences were mapped to databases to identify species 
and verify the relationship between them. All six spe-
cies were found to have characteristic genetic polymor-
phisms that clearly distinguished their genetic profiles. 
In general, the species Dianthus nahcivanensis and Dian-
thus nakhchivanicus they found a high level of genetic 
diversity compared to other species. This was due to the 
isolation of their populations, which adapted to specif-
ic growth conditions. Genetic diversity in these species 
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was concentrated within populations, which indicated 
their long-term existence in localised regions.

On the contrary, species Dianthus raddeanus, Dian-
thus parviflorus, and Dianthus orientalis exhibited lower 
levels of genetic diversity, indicating greater genetic 
isolation and possible historical “bottle necks”. This in-
dicated a decrease in genetic exchange between pop-
ulations, which may be the result of anthropogenic 
factors, such as habitat fragmentation. Molecular ge-
netic analysis of Dianthus raddeanus showed significant 
genetic diversity, which indicates the potential for ad-
aptation and survival in changing environmental con-
ditions. However, the identified local genetic isolates 
confirmed the need for more research on the impact of 
population fragmentation on the long-term conserva-
tion of the species.

Phylogenetic analysis showed the evolutionary re-
lationships between populations of different species 
of the genus Dianthus. It was found that Dianthus nah-
civanensis and Dianthus nakhchivanicus form separate 
clusters, which confirmed their genetic isolation from 
other species. They showed genetic closeness to each 

other, indicating a common origin or a long history of 
coevolution in isolation. Other species, such as Dian-
thus raddeanus and Dianthus orientalis, formed separate 
phylogenetic groups that also indicated a long evolu-
tionary history and specific adaptations to different en-
vironmental conditions.

Genetic analysis determined the level of genetic 
diversity within and between populations, established 
phylogenetic relationships between species, and iden-
tified possible mechanisms of adaptation to different 
environmental conditions. Most species, such as Dian-
thus orientalis and Dianthus raddeanus, demonstrated 
a high level of genetic diversity (heterozygosity up to 
0.75), which indicates their adaptive potential and high 
resistance to changes in environmental conditions (Ta-
ble 4). Endemic species of Dianthus nahcivanensis and 
Dianthus nakhchivanicus had significantly lower rates 
of genetic diversity (heterozygosity up to 0.42), which 
indicates limited genetic variability (Table 10). This may 
be due to their isolation and narrow distribution area, 
which increases the risk of extinction due to environ-
mental changes or anthropogenic factors.

Species Heterozygosity Level of genetic diversification Number of allelic variants

Dianthus orientalis 0.75 High 12

Dianthus raddeanus 0.68 High 10

Dianthus parviflorus 0.55 Average 8

Dianthus elegans 0.60 Average 9

Dianthus nahcivanensis 0.42 Low 6

Dianthus nakhchivanicus 0.40 Low 5

Table 10. Genetic diversity of species of the genus Dianthus

Source: created by the author

A study of six species of the genus Dianthus in the 
Nakhchivan Autonomous Republic revealed signif-
icant genetic and ecological diversity, but all species 
were vulnerable to anthropogenic factors and climate 
change. Analysis of species habitats of Dianthus in the 
South Caucasus established that most species of this 
genus demonstrate highly specialised ecological re-
quirements and have a limited habitat. This makes 
them vulnerable to environmental changes and an-
thropogenic impacts. Endemic species, such as Dian-
thus nahcivanensis and Dianthus nakhchivanicus, require 
special attention to the protection and preservation of 
their places of growth. The conducted research investi-
gated in detail the chorological features of the species 
of the genus Dianthus in the South Caucasus, identified 
key factors affecting their distribution and conserva-
tion, and developed specific measures to preserve these 
species. The results can serve as a basis for further re-
search and strategies for managing the conservation of 
plant biodiversity in the region.

DISCUSSION
The study of the six species of the genus Dianthus, 
which are common in the territory of the Nakhchivan 
Autonomous Republic, used a comprehensive approach 
to investigate their ecology, geographical distribution, 
population status, and genetic structure. The selected 
methods helped to obtain a holistic view of the eco-
logical features and threats to the species under study. 
The main research methods were field surveys, analy-
sis of physical and chemical properties of soils, study 
of microclimatic conditions of growth sites, and molec-
ular genetic surveys to investigate the genetic diversity 
of populations.

Field studies have made it possible to determine 
the geographical coordinates of the growth sites of 
each species, including altitude above sea level, soil 
type, and microclimatic conditions (temperature, hu-
midity, and light). These data were important for un-
derstanding each species’ ecological niches and their 
adaptive potential. The analysis of the physical and 
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chemical properties of soils included the determina-
tion of acidity (pH), the concentration of basic minerals, 
and the content of organic substances. This approach 
revealed how soil conditions affect the growth and dis-
tribution of these species.

Studies of endemic plant species required special 
attention. The literature sources contain conflicting 
opinions about their adaptability to different climatic 
conditions. M. Behroozian’s et al. (2020a) research team 
questioned the general assumption that endemic spe-
cies have narrow ecological niches. Using environmental 
modelling and functional characteristics analysis, they 
found that some species of Dianthus demonstrate signif-
icant ecological variability and adaptation to different 
environmental conditions. This led to the assumption 
of their ability to occupy a variety of ecological niches, 
which goes against traditional ideas about endemics 
as highly specialised species (Behroozian et al., 2020a).

In this study of Dianthus species, both specific and 
more general ecological traits characteristic of differ-
ent populations were identified. The ability of endemic 
species to adapt and occupy wider ecological niches 
is partially substantiated, since some species, such as 
Dianthus raddeanus and Dianthus nahcivanensis indeed, 
demonstrated adaptation to various microclimatic 
conditions and changes in soil composition (Zubtso-
va  et al. ,  2019). These species can grow in different 
conditions of altitude and humidity, which confirms the 
idea of ecological plasticity. However, for some other 
species, such as Dianthus parviflorus and Dianthus na-
khchivanicus, environmental specialisation remained 
prominent. They showed a significant dependence on 
specific environmental conditions, such as soil type 
and light levels, which is consistent with the tradition-
al view of highly specialised endemics. Thus, the study 
partially confirmed Behroozian’s thesis about the var-
iability of ecological niches in some endemic species. 
However, it did not refute the opinion about the tra-
ditional highly specialised ecological strategy in cer-
tain populations. On the other hand, C.A.M. Marshall et 
al. (2022) study, which examined factors affecting plant 
endemism in two West African forest centres, focused 
on various environmental and climatic variables, and 
environmental characteristics such as altitude, forest 
type, climatic conditions, and anthropogenic impact. 
Climatic conditions, in particular precipitation, were 
found to be a significant predictor of endemism. The 
paper also highlighted the importance of protecting 
these forests due to their significant role in the con-
servation of rare and endemic species.

The South Caucasus region is characterised by 
the proliferation of zones with endemic plant crops 
(Nikolaishvili & Dvalashvili, 2015; Noroozi et al. , 2019). 
Although it is also possible to find among the litera-
ture sources of fauna research, in particular amphib-
ians (Gasimova,  2021), with similar habitats, in the  
framework of this study, were rather auxiliary. A suc-

cessful object of research can be called the species 
of the family Caryophyllaceae, not only in the study of 
endemics (Behroozian et al. , 2020b), and to better un-
derstand the overall impact of climatic conditions and 
human influence on the flora of regions with specif-
ic climatic conditions. In general, the high diversity of 
species in this family allows studying a wide range of 
morphological, ecological, and genetic variations. This 
helps to study the processes of evolution, adaptation, 
and speciation. In addition, species of this family are 
found in various ecosystems – from mountainous areas 
to steppes and deserts. This allows to study their ad-
aptation to various climatic and environmental condi-
tions and their interaction with the environment. Many 
representatives of Caryophyllaceae have relatively small 
genomes, which makes them convenient for molecular 
genetic research such as DNA sequencing and genetic 
mapping. Their genetic characteristics allow studying 
speciation processes, population genetics, and evolu-
tionary history (Boxriker et al. , 2018). As indicated by 
G.A.W. Bauer et al. (2021), species of this family exhibit 
various morphological features, which allows studying 
phenotypic plasticity and the influence of various en-
vironmental factors on external features.

P.  Sharma’s  et al.  (2022) paper was considered an 
important literary source for analysis, as the molecular 
methods used, such as SSR markers, helped to inves-
tigate genetic diversity and phylogenetic relationships 
between species, which is relevant in the context of 
analysing the genetic variability of endemic species. 
Both studies used molecular genetic markers to assess 
the genetic diversity of species. The difference was that 
P. Sharma’s et al. research focused on the cultural spe-
cies of Dianthus caryophyllus and its mutant forms that 
emerged after radiation exposure. But the current study 
focused on natural populations of endemic species of 
the genus Dianthus in the natural environment, without 
the intervention of the mutation process. While improv-
ing breeding methods and species identification helps 
to prevent the extinction of entire plant and animal 
habitats, it is also important to improve conservation 
measures and monitor the overall situation of species 
(Honchar et al., 2023). Great contribution to the study of 
adaptability and factors influencing distribution of Di-
anthus was made at the Latvian Institute of Biology us-
ing the example of Dianthus superbus, researchers have 
found that destructive human activity causes more dam-
age to the population than the specifics of local soils (Os-
valde et al., 2021). Such results indicate the expediency 
of conducting lectures and activities to inform the pop-
ulation about the environmental situation in the region.

Heavy metals, which have become an integral part 
of environmental impact factors with the develop-
ment of industrialisation, also have high risks for plant 
populations (Jalilova et al., 2024). Thus, the K. Qiao et 
al.  (2023) research group found that Dianthus spicul-
ifolius had higher resistance to cadmium and lead  
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compared to five other species of the genus Dianthus, 
and it was able to accumulate more heavy metal ions in 
its shoots. Future studies of the endemic species of the 
genus Dianthus on the ability to accumulate heavy met-
al ions are relevant, as they can form an idea of their 
resistance to polluted environments and potential for 
phytoremediation. To assess the level of genetic diver-
sity both between different populations and within the 
same population, molecular genetic analysis performed 
for each of the species is widely used in modern scien-
tific practice. Molecular markers such as microsatellites 
and DNA sequencing help to identify genetic relation-
ships between populations and assess their status in 
terms of genetic metabolism (Burdina & Priss,  2016). 
Genetic data allowed studying how individual popula-
tions of species Dianthus adapted to different environ-
mental conditions, such as climate change or specific 
soil characteristics. This was important for understand-
ing the ecological boundaries of species and determin-
ing their optimal habitat zones.

The study of six species of the genus Dianthus in 
the Nakhchivan Autonomous Republic provided impor-
tant data on their geographical distribution, population 
status, influence of anthropogenic factors, and genetic 
structure. The species Dianthus raddeanus, Dianthus ori-
entalis, Dianthus parviflorus, Dianthus elegans, Dianthus 
nahcivanensis, and Dianthus nakhchivanicus are impor-
tant components of the region’s flora, and their study 
helps not only to better understand local biodiversity, 
but also to develop strategies for their conservation.

CONCLUSIONS
In the course of the study, a comprehensive chorologi-
cal analysis of the species of the genus Dianthus in the 
South Caucasus was carried out, with a particular focus 
on the flora of the Nakhchivan Autonomous Republic. 
The results obtained established the specific distribu-
tion areas of the species under study, their ecological 
and genetic characteristics, and determined the in-
fluence of anthropogenic factors on the state of their 
populations. This study found that each species has a 
well-defined ecological niche, depending on factors 
such as temperature, humidity, soil type, and the degree 
of anthropogenic impact.

The relevance of this study is to expand knowledge 
about the biogeography of species of the genus Dian-
thus and their distribution in the South Caucasus region. 
The study provided a more accurate understanding of 
species distribution patterns, their environmental pref-
erences, genetic diversity, and potential risks associat-
ed with anthropogenic factors. Such knowledge can be 
used to develop a conservation strategy for rare and en-
demic species, and to manage biodiversity in the region, 
which is particularly important given climate change 
and increasing anthropogenic pressures. However, the 
study was subject to certain limitations that affected 
the results obtained. First, field studies were conducted 
only during two growing seasons, which could lead to 
limited understanding of seasonal population dynam-
ics. Long-term observations can provide more data on 
changes in the abundance and distribution of species 
over different years. Second, the analysis of molecular 
genetic diversity was performed only based on random-
ly selected samples, which could limit the completeness 
of the genetic profile of populations. A wider selection 
of samples and the use of additional genetic markers 
can improve the accuracy of the results obtained. In ad-
dition, potential species habitats were modelled using 
a specific set of ecological parameters, while other fac-
tors, such as competition with other species or interac-
tion with local fauna, were not taken into consideration. 
The use of additional biotic and abiotic parameters can 
improve the accuracy of distribution models.

Thus, this study has made an important contribu-
tion to understanding the ecological and genetic char-
acteristics of species in the genus Dianthus in the South 
Caucasus. Despite some limitations, the results obtained 
are valuable for further research and preservation of 
the floral diversity of the region. Further research that 
addresses the above omissions could greatly expand 
knowledge about these species and contribute to their 
more effective conservation.
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Хорологічний аналіз видів роду Dianthus у Південнокавказькому регіоні  
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Анотація. Метою дослідження було проведення хорологічного аналізу шести видів роду Dianthus у Нахічеванській 
Автономній Республіці з використанням польових та молекулярно-генетичних методів. Основна увага була 
приділена їх географічному поширенню, популяційному статусу та генетичному різноманіттю. В результаті 
дослідження шести видів роду Dianthus були виявлені значні відмінності в їх географічному поширенні, 
екологічних нішах та адаптації до місцевих умов. Молекулярно-генетичний аналіз показав високий рівень 
генетичного різноманіття серед популяцій Dianthus nahcivanensis та Dianthus nakhchivanicus, що підтвердило їх 
унікальність та ендемічний статус. Також доведено, що рід Dianthus має високе видове різноманіття і демонструє 
значні варіації поширення залежно від географічних та кліматичних умов регіону. У дослідженні використано 
геоботанічні методи для визначення ареалів видів та аналізу факторів, що впливають на їх поширення. Зокрема, 
були виявлені особливості ареалу у зв›язку з локальними умовами Нахічеванської Автономної Республіки, 
до складу якого входить значна кількість ендемічних видів. Генетичний аналіз, проведений за допомогою 
методу полімеразної ланцюгової реакції та секвенування, дозволив виявити рівень генетичного різноманіття 
та встановити філогенетичні зв’язки між популяціями. Встановлено, що види Dianthus raddeanus, Dianthus 
parviflorus, Dianthus nakhchivanicus та Dianthus nahcivanensis є більш вразливими через вплив антропогенної 
діяльності, зокрема сільського господарства та випасання худоби, що призвело до скорочення площі їхніх 
ареалів. Моделювання з використанням методу максимальної ентропії показало потенційні зони розширення 
ареалів видів за сприятливих екологічних умов. Отримані результати є важливими для розуміння екологічних 
закономірностей поширення роду Dianthus в регіоні та розробки стратегій збереження біорізноманіття 
в умовах зміни клімату та антропогенного тиску. За результатами дослідження рекомендовано створити 
або розширити заповідні території, обмежити антропогенний вплив та проводити додатковий моніторинг 
чисельності та генетичної структури популяцій Dianthus

Ключові слова: ендеміки; ареал; генетичне різноманіття; антропогенний вплив; збереження біорізноманіття

[25] Sharma, P., Nath, A.K., Dhiman, S.R., Dogra, S., & Sharma, V. (2022). Characterization of carnation (Dianthus 
caryophyllus L.) genotypes and gamma irradiated mutants using RAPD, ISSR and SSR markers. South African 
Journal of Botany, 148, 67-77. doi: 10.1016/j.sajb.2022.04.012.

[26] Terlević, A., Temunović, M., Bogdanović, S., Grgurev, M., Ljubičić, I., & Rešetnik, I. (2022). Morphological and 
environmental variability of Dianthus sylvestris (Caryophyllaceae) in the Balkan Peninsula. Botanical Journal of 
the Linnean Society, 201(3), 377-389. doi: 10.1093/botlinnean/boac058.

[27] Yusupova, U., Usmanov, D., Azamatov, A., Ramazonov, N., & Rejepov, J. (2021). Phytochemical constituents and 
biological activities of Dianthus helenae Vved., growing in Uzbekistan. Natural Product Research, 36(13), 3480-
3484. doi: 10.1080/14786419.2020.1862834.

[28] Zubtsova, I., Penkovska, L., Skliar, V., & Skliar, I. (2019). Dimensional features of cenopopulations of some 
species of medicinal plants in the conditions of North-East Ukraine. AgroLife Scientific Journal, 8(2), 191-201.

https://orcid.org/0009-0003-3547-6025
https://doi.org/10.1016/j.sajb.2022.04.012
https://doi.org/10.1093/botlinnean/boac058
https://doi.org/10.1080/14786419.2020.1862834
https://agrolifejournal.usamv.ro/index.php/agrolife/article/view/255
https://agrolifejournal.usamv.ro/index.php/agrolife/article/view/255

