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Abstract. The area and NDVI indicators of forest vegetation were estimated via the QGIS application
of the stud area. The maximum indicators of the NDVI are 0.45 - 0.59 characteristic of forest
vegetation. The results of field studies made it possible to identify a total of 21 associations, 19
formations, and 7 formation classes within the forest and shrubland vegetation types.

The projective cover of the forest area is equal to approximately 20% of the total zonal project cover
and the fragmentation and shrinking of the distribution area of rare species such as Punica granatum
L., Pistacia atlantica Desf., Pterocarya fraxinifolia (Poir). Spach corresponds to the parameters of
the dangerous ecological situation, such as indicators characterizing the environmental condition
of the area. In the Ganikh-Agrichay valley, lowland forests are highly fragmented, and their
condition worsens. Relatively well preserved, 1 km north of Mughanli village, Zagatala district, and
Kurmukchay, Gakh district. Despite the small area, these forests are floristically rich and the density

of the forest in their untouched areas is 0.9.

Keywords: Ganikh-Agrichay valley, forest vegetation, shrubland vegetation, alluvial fan.

INTRODUCTION

The Ganikh-Agrichay valley (3473.11 km?)
selected as a research area covers the Ala-
zan-Agrichay region as a botanical-geographic
region [Flora of Azerbaijan 1951-1961].

The Ganikh-Agrichay valley has caught the
interest of researchers due to its geographical
conditions and favorable climate, which are
conducive to efficient resource use and agricul-
tural development. The current vegetation in
the area includes forest, shrubland, semi-des-
ert, chal-meadow, and wetland vegetation
types. [Sariyeva, 2018].

The forests distributed in the Ganikh-Agri-
chay valley are this area’s initial potential veg-
etation type and are referred to semi-humid
subtropical lowland forests [Prilipko, 1954]. Be-
sides, our study area in the territory of Azerbai-
jan Republic semi-humid subtropical lowland
forests distributed in the Samur-Shabran plain,
Barda, and Lankaran regions [Prilipko 1954;
Huseynova, 2023], the continuation of these
forests towards the South-East situated in the
territory of Iran Islamic Republic [Hamzeh’ee et

_~
-

al.2008].

In the northwestern and eastern parts of
the valley, the forests are well developed due
to the location of groundwater close to the sur-
face and the excess amount of precipitation.

Considering that the population’s main oc-
cupation in the valley and surroundings is ag-
riculture, the state of the forest and bushland
vegetation should be continuously studied and
reported for biodiversity conservation [Zim-
merman, 2009; Sariyeva & Gurbanov 2016; To-
gola et al., 2023].

MATERIALS AND METHODS

Identification of plant species conducted by
Flora of Azerbaijan [Flora of Azerbaijan, 1951-
1961], Flowers of Turkey [Pils, 2006], Mountain
flowers and trees of Caucasia [Shetekauri &
Jacoby 2009]. A working list of plant species clar-
ified according to wfoplantlist.org [wfoplantlist.
org 2024]. Classification units of phytocoeno-
sis were clarified using accepted methodolo-
gy [Shennikov, 1964]. Normalized Difference
Vegetation Index (NDVI) map created on QGIS
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application and calculated by the formula:
NDVI=(NIR-Red)/(NIR+Red)

RESULTS

According to satellite images Landsat 8,
the total area of forests in the valley was de-
termined to be 550.81 km?. This figure is equal
to 15.9% of the total area of the Ganikh-Agri-
chay valley, and 0.005% of the total forests of
the Azerbaijan Republic. According to the latest
data, the total area of forests in the Republic is

Normalized Relative Vegetation Index (NDVI).
The distribution of phytomass suitable for
photosynthesis in the vegetation of the area is
shown on the NDVI map (Fig. 1). As can be seen
from the map, the indicators of the NDVI are
various: 1) 0.09-0.16; 2) 0.17-0.25; 3) 0.26-0.35;
4) 0.36-0.44; 5) 0.45 - 0.59.

In addition, to the assessment of forest area
using GIS technologies, the forest vegetation of
the Ganykh-Agrichay valley was also properly
phytosociologically examined in the field. The

.....
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Figure.1 NDVI map of the study area

10,022 min. km? [Dolkhanov, 2012].
The distribution of forests in the valley was
determined based on the calculation of the
Type: Forest
1 Class formation: Sub-mountain forests;
Formation: Fageta orientalis;

results of the conducted studies made it pos-
sible to identify 13 associations, 11 formations,

and 4 formation classes in the forest vegetation.

Association: Fagetum orientalis — Carpinosum betulus
Association: Fagetum orientalis-Castanosum sativa
2 Class formation: Riparian forests (Tugay forests);

Formation: Populeta x hybrida;
Association: Populetum x hybrida
Formation Saliceta alba;

Association: Salixetum alba (N 40955’45.1”, E 047234’50.1")

Formation: Tamarixeta ramosssima;
Association: Tamarixetum ramossisima
3 Class formation: Lowland forests
Formation: Acereta velutinum;

Association: Aceretum velutinum+Oplismenosum undulatifolius

s
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Formation: Alneta glutinosa subsp.barbata;

Assosiation: Alnetum glutinosa subsp. barbata+Caricosum remota;
Assosiation: Alnetum glutinosa subsp. barbata+Equisetosum telmatia

Formation: Pterocaryeta pterocarpa;

Association: Pterocaryetum pterocarpa+Alnosum glutinosa subsp.barbata

Formation: Querceta petraea subsp. iberica;

Association: Quersetum petrae subsps. iberica — Carpinosum orientalis
Formation: Querceta robur subsp.pedunculiflora;
Association: Quercetum robur subsp.pedunculiflora-Carpinosum betulus

4 Class formation: Arid scrublans,
Formation: Pistacieta atlantica;
Association: Pistacietum atlantica
Formation: Celtiseta australis;

Association: Celtisetum australis subsp.caucasica
Accordingly, shrubland vegetation of the study area classified into 8 associations, 8 formations

and 3 class formations.
Type: Shrubland

1 Class formation: Xerophytic shrublands in alluvial fans ;

Formation: Junipereta oxycedrus;

Association: Juniperetum oxycedrus — Fruticosum. (N41204°52.7”, E047°921°41.7")

Formation: Pyracaneta coccinea;

Association: Pyracanetum coccinea-Paliurosum spina christi

Formation: Cotineta coggygria;

Association: Cotinetum coggygria — Juniperosum rufecens

Formation: Elaeganeta rhamnoides;

Association: Elaeganetum rhamnoides-Rubusosum sanguinea
2 Class formation: Xerophytic shrublands in lowland areas;

Formation: Atraphaxeta spinosa;

Association: Atraphaxetum spinosa-Crataegosum orientalis (N 41220°50.26” E 46241°08.22”)

Formation: Puniceta granatum;

Association: Punicetum granata — Rhamnoso pallasii — Paliurosum spina christi.

Formation: Paliureta spina-christi;
Association: Paliuretum spina-christi

3 Class formation: Xerophytic shrublands in foothill zones;

Formation: Paliureta spina-christi;

Association: Paliuretum-spina christi- Rhamnosum pallasii (N 41209°34.6” E 047°11°32.7”)

DISCUSSION

The vegetation period of forests in the
studied area is from April to October-Novem-
ber. During this period, the forest vegetation
has more green phytomass suitable for pho-
tosynthesis, unlike other types of vegetation
(semi-desert, wetland, chal-meadow) in the
area. The lowest indicator is observed in reser-
voirs, construction areas, bare soil, and areas
with sparse vegetation. The highest indicators
were determined mainly in areas with dense
forests - 0.45-0.59. However, in some areas,

—~
4

non-forested areas also have high NDVI indica-
tors. This situation is related to the active veg-
etation of plants at certain times of the year in
croplands. Thus, plants cultivated at the peak
of vegetation also have a high amount of green
phytomass.

The distribution and development of for-
ests in the Ganikh-Agrichay valley, the charac-
teristics of the relief, climate here; are closely
related to the regime of rivers and groundwa-
ter. Thus, in the Ganikh-Agrichay valley, the al-
luvial fans formed by the rivers of the southern
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slopes of the Greater Caucasus are the main
noticeable relief form. Morphologically and
lithologically, these alluvial fans can be divid-
ed into upper (peak), central, and peripheral
parts. While the upper alluvial fans are formed
from coarser-grained pebbles and boulders, the
second (lower) alluvial fans are formed from
medium and small-sized pebbles, gravel, and
sand [Museyibov, 1998]. The water holding ca-
pacity of each zone is different depending on
the mechanical composition of the soil cover. In
this regard, the ecological conditions and cor-
responding floristic composition of the forests
characteristic of each zone are different.

In the studied area riparian (Tugay) forests
are distributed along Ganikh, Ayrichay, Sincan-
chay, Alicanchay, Kurmukchay, etc. rivers; Ptero-
carya fraxinifolia (Poir)., Alnus glutinosa subsp.
barbata (C.A.Mey.) Yalt. forests in conditions of
constant excess humidity, where underground
water comes to the surface; although essential
parts of the forests in the valley are lowland for-
ests, under favorable ecological conditions on
the mountain slopes (in some areas) sub moun-
tain forests are also distributed. Such forests
include Zagatala (surrounding Mukhax village),
Oguz (above Dashagylchay towards Mukhas
village and on the edges of the city at 710-740
m a.s.l.) and Ismayilli regions (around Topchu,
Khanagah villages).

Shrubs are widespread in the studied area.
Shrubland vegetation is formed in the valley
area in the alluvial fans of the rivers, plains, and
foothills.

Depending on the hydrodynamic proper-
ties of the soil and rivers, the composition of
the grass cover in the lower and upper parts of
the cones differs significantly. Thus, in the lower
parts of the cones where there are many pome-
granates and small river tributaries are relative-
ly dense, the grass cover consists of mesophytic
and hygrophytic elements. In the relatively high
(upper) parts of the alluvial fans, hygrophytic
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Abstract: In this paper, we studied and identified the diversity of Iris species in the Nakhchivan
Autonomous Republic. The genus Iris, which belongs to the family Iridaceae, has 2,244 species in the
world, 30 in the Caucasus, 40 in Azerbaijan, and 25 in the territory of Nakhchivan. The largest genus
in this family is Iris, with 250 species, of which 22 are found in Azerbaijan and 14 in Nakhchivan.
Most of these species are used as decorative plants, but some are rare and have been included
in the Red Book. Two forms of the Iris lycotis species have been identified: 1. Iris lycotis Woronow
magnifica Grossh., and 2. Iris lycotis form. heterochroa Grossh.

Key words: Iridaceae, Iris, species diversity, taxonomic spectrum, Nakhchivan.

INTRODUCTION

The Iridaceae family, belonging to the As-
paragales order and the subclass of Liliiflorae,
includes 66 genera and over 2,000 species
worldwide. It includes several economically im-
portant plants like Freesia, Gladiolus, and Cro-
cus. The Iridoideae subfamily, which has the
widest distribution, consists of five tribes: Iri-
deae, Sisyrichieae, Trimezieae, Tigridieae, and
Diplarreneae, differing in terms of flower lifes-
pan and nectar production.

The study focused on Iridaceae as the ob-
ject, with Iris L. as the chosen species for anal-
ysis. Both route-based and stationary methods
were employed in the research, incorporating
various techniques such as floristic, systematic,
phenological, phytocenological, and statistical
methods.

The objectand methodology of the research.

The object of the study is the species of the
genus Iris L., which belong to the family Irida-
ceae Juss. In the research, both route and sta-
tionary methods were used, as well as floristic,
systematic, phenological, phytosociological and
statistical methods.

The discussion of the obtained results.

www.botanic.az

The stems of the ornamental plants grow
upright and have leaves that are similar to grass
and are central in shape. Some examples of the
species in this category are blue, purple and
yellow flowers. In addition to the Irideae genus,
other genera produce trixomes that produce
oil-like substances called elaiophores, which at-
tract bees. The flowers of the genera related to
Irideae have zygomorphic flowers and have sta-
mens of different lengths. The leaves of these
plants have a flat shape; they are straight, uni-
form or uneven, and have parallel veins. The
edges of the leaf blades are smooth, with an ir-
regular (uneven) arrangement of cells. There is
no secondary thickening in the stem, or if there
is, it is abnormal, and if so, it consists of a cam-
bium layer. Fertile flowers are hermaphroditic.
There are no pistils. Flower nectar is mostly
absent or present. These plants are entomoph-
ilous, ornithophilous or rarely anemophilous.
Their chromosomes differ, with X = 3-19.

Iris is named after the rainbow, which is
called “Iris” in Greek. This is because the flow-
ers of the plants resemble the beauty of the
rainbow. Most of these plants are perennials,
and they have roots, stems, leaves, and flowers.

-
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Based on the information provided by A.A.
Crossheim, there are 40 species of plants in the
genus Sussendia in Azerbaijan, of which 25 spe-
cies are native to the territory of Nakhchivan
Autonomous Republic (NAR). According to the
first data obtained in NAR, 28 species belong to
5 genera. Of these, 8 species have been recom-
mended for inclusion in the Red Book of NAR.
As a result of Z.K. Salayev’s research, 24 species
(3 species in culture) were found on the terri-
tory. The largest genus of the species is Iris L.,
which includes approximately 250 species. Of
these, 22 species are found in Azerbaijan and
14 in Nakhchivan. Most of them are decorative,
but some rare species have also been included
in the Red Book.

In the territory of the Autonomous Republic,
new forms related to species have been collect-
ed, and it is important to study these materials.
In general, the possibility of the emergence of a
richer variety of geofits in the territory of Nakh-
chivan Autonomous Republic as a result of de-
velopment is high. On the territory with a con-
tinental climate, where drought often exceeds
the norm, the chances of survival for geofits
are higher than for other plants. We think that
it is necessary to thoroughly study the variety
of geofits of the republic. The article presents
some varieties of Iris L. genus, including some
of the varieties mentioned. Recently, the Iris
persica L., which is a species of iris genus, has
been added to the flora of the region. Some va-
rieties have been identified as synonyms after
recent research [APG IV, 2016]. Thus, the final
classification spectrum looks like this:

Familia: Iridaceae Juss., nom. cons.
Subfamily: Iridoideae
Tribe: Irideae
1. Genus: Iris L.
1. Subgen.: Scorpiris Spach
1(1) Iris atropatana Grossh.
2(2) 1. caucasica Stev.
= . c. Stev. subsp. caucasica Bieb.

= |. c. Stev. subsp. schischkinii Grossh.
3(3) I. hyrcana Woronow ex Grossh. .
4(4) I. pseudocaucasica Grossh.
5(5) I. persica L.
2. Subgen.: Hermodactyloides Spach
6(6) I. reticulata Bieb.
3. Subgen.: iris
1. Sect. Xyridion Tausch
Ser.1. Spuriae (Diels) Lawr.
7(7) 1. spuria subsp. demetri (Achv. & Mir-
zoeva) B. Mathew (i. prilipkoana Kem. - Nath.,

Xyridion demetri Achv. & Mirzoeva)
Rodionenko
8(8) I. musulmanica Fomin
2. Sest. iris

Ser.1. Elatae Lawr.
9(9) I. imbricata Lindl. (i. sulphurea C. Koch)
10(10) *I. germaniaca L.
3. Sect. Oncocyclus (Siemss.) Baker
Ser.1. ibericae Gawr.
11(11) I. elegantissima Sosn.
12(12) 1. lycotis Woronow
= iris lycotis Woronow forma magnifica
Grossh.
= iris lycotis Woronow form. heterochroa
Grossh
Ser.2. Paradoxae Gawr.
13(13) I. paradoxa Stev.
Ser.3. Acutilobae Gawr.
14(14) 1. grossheimii Woronow ex Grossh.
Subfamily: Crocoideae
Tribe: Gladioleae
2. Genus: Gladiolus L.
15(1) Gladiolus atroviolaceus Boiss.
16(2) G. caucasicus Herb. (G. communis L.)
17(3) G. halophilus Boiss. & Heldr.
18(4) G. kotschyanus Boiss.
19(5) *G. gonodavensis hybr. Hord
20(6) *G. italicus Mill.
= G. kotschyanus
kotschyanus
3. Genus: Crocus L.
21(1) Crocus adamii J. Gay
22(2) C. artvinensis (Philippow) Grossh. .

Boiss.  subsp.
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Figure 1. iris lycotis; tipik forma; 2. Iris lycotis form. heterochlora; 3. I. lycotis form. Magnifica;

Figure 2. 1. Iris reticulata; 2. Iris persica; 3. iris hyrcana
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Figure 3. iris paradoxsa (1-typical form ; 2-In the Botanical Garden)
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Figure 4. iris elegantissima (1. In nature ;2. In the Botanical Garden)

Figure 6. iris caucasica (1-type); iris pseudocaucasica (3-type); Iris atropatana (5-type)
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Figure 7. iris musulmanica Figure 8. iris demetri

Figure 9. iris imbricata
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23(3) C. polyanthus Grossh. Republic includes 3 species belonging to 25
24(4) C. speciosus Bieb. . genera. The genus Iris includes 14 species, and
25(5) *C. sativus L. two of them were discovered by Grossheim: Iris

lycotis Woronow and lIris lycotis forma magni-
CONCLUSION fica Grossh. Additionally, a different-colored

Based on the conducted research , it can be  variety of iris, Iris lycotis heterochroa, has been
concluded that the sonar of the Iridaceae family  identified.
in the territory of the Nakhchivan Autonomous
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ABSTRACT. The study aimed to analyze 90 wild pomegranate genotypes collected from six
geographical regions of Azerbaijan. A total of 110 PCR fragments were amplified, 86 of which were
found to be polymorphic. The number of amplified fragments per primer ranged from 5 to 10, with
an average of 7.8. Polymorphic DNA fragments varied from 3 to 9, with a mean of 6.1. Polymorphism
percentage ranged from 57% to 100% depending on the primer, averaging 78% overall. The genetic
diversity index (GDI) had a mean value of 0.77, with the highest values observed for the IS15 (0.92),
UBC811 (0.90), and HB14 (0.90) primers. Cluster analysis grouped accessions into five main clusters,
with the genetic similarity index ranging from 0.03 to 1.00. The outcomes of the cluster analysis
unveiled the grouping of most accessions based on their collection sites. Results indicate significant
diversity in wild pomegranate germplasm in Azerbaijan, suggesting adaptability to various
environmental conditions. Further molecular analysis can elucidate the phylogenetic relationships
among genotypes, aiding in the understanding of domestication processes in the future.

Keywords: wild pomegranate, molecular markers, ISSR- primers, genetic polymorphism, cluster

analysis.

INTRODUCTION

The wild pomegranate (Punica granatum
L.) exhibits exceptional adaptability across
varied climates, leading to its extensive geo-
graphical spread. The natural growth of wild
pomegranate trees is prominently observed in
Central Asia, encompassing Iran, Afghanistan,
the South Caucasus, and northwestern India
[Teixeira et al., 2011]. Azerbaijan, recognised
as a centre of origin for certain plant species,
including pomegranate, boasts diverse vege-
tation due to its strategic location and varying
soil-climatic conditions.

While historical exploration of pomegran-
ate genetic diversity relied on morphological
features [Mars and Marrakchi, 1999; Zamani et
al., 2007], this method falls short in estimating
large sample sizes under diverse environmental
conditions [Kazemialamuti et al., 2012]. Thus,
DNA (Deoxyribonucleic acid) marker analysis

www.botanic.az

emerges as a promising alternative [Ajal et al.,
2014], offering objective assessment indepen-
dent of growth conditions and revealing high
polymorphism levels, crucial for evaluating ge-
netic distances.

Various molecular markers like RAPD (ran-
dom amplified polymorphic DNA), SSR (simple
sequence repeats), ISSR (inter simple sequence
repeat), and AFLP (amplified fragment length
polymorphism) have been instrumental in as-
sessing genetic relationships among different
plant species [Hajiyev et al., 2015]. DNA mark-
ers provide an informative means of evaluating
the genetic diversity and relationships of culti-
vated and wild pomegranate species from dif-
ferent origins. For instance, AFLP stands out as
a prevalent marker utilised in the assessment
of the genetic diversity of pomegranate popu-
lations from China [Yuan et al., 2007] and Tu-
nisian cultivars [Jbir et al., 2008]. ISSR, a class
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of molecular markers based on inter-tandem
repeats of short DNA sequences, reveals signif-
icant polymorphism, especially among closely
related genotypes due to the absence of func-
tional limitations in these noncoding regions
[Omayma et al.,, 2014]. ISSR is recognised as
an effective molecular marker showcasing ge-
netic variability in wild pomegranate popula-
tions [Zahra et al., 2012]. In several studies ISSR
markers, particularly, have shown effectiveness,
synthesizing a greater number of polymorphic
bands. Recent studies further affirm the utility
of ISSR markers in assessing the genetic diver-
sity of pomegranate genotypes [Rehab et al.,
2019]. Today, more than 137 microsatellite loci
within the pomegranate genome, exhibiting
diverse levels of genetic polymorphism among
the studied genotypes, have been identified
[Soriano et al., 2011].

The primary objective of our current study
is to perform molecular characterization using
ISSR markers on wild pomegranate genotypes
in Azerbaijan, originating from six distinct geo-
graphic regions. The data obtained from this
investigation hold significant potential for wide-
spread application in future breeding processes.

MATERIAL AND METHODS

comprised 90 wild pomegranate accessions, as
detailed in Table 1. For genomic DNA extraction,
0.1 g samples of freshly harvested leaves were
utilized, following the CTAB (cetyltrimethylam-
monium bromide) protocol initially proposed by
Doyle and Doyle [Doyle and Doyle, 1987] with
certain modifications. The quality and quanti-
ty of the DNA molecules were assessed using
a NanoDrop (Thermo, NANO DROP, 2000). The
PCR (Polymerase Chain Reaction) reaction mix-
ture, with a final volume of 20 pL, consisted of 2
uL of 10X PCR buffer, 1 uL of a 10 mM dNTP mix,
1.5 pL of MgCI2 (50 mM), 2 uL of each primer
(15 pmol/uL), 0.1 pL of Tag-polymerase enzyme
(1 U/uL), and 2 pL of isolated DNA (50 ng/uL).
Fourteen polymorphic ISSR primers were used
in the study. The amplification conditions in-
cluded a preliminary denaturation at 94°C for
5 min, followed by 35 cycles of denaturation at
94°C (1 min), annealing at a temperature de-
pendent on the primer used (45 s), and elon-
gation for 5 min at 72°C. The final elongation
was set at 72°C for 10 min (Applied Biosystems,
United States). Electrophoresis of PCR products
was conducted on a 2% agarose gel, stained
with ethidium bromide, and visualized under
ultraviolet light using the BioRad gel documen-

Plant material for molecular studies tation system.
Table 1
Wild pomegranate genotypes of different regions of Azerbaijan

Ne  CodeNe Ne Code Ne Ne Code No  Ne Code Ne  Ne Code No  Ne Code Ne
1 Al 16 Gal 31 G1 46 Sal 61 11 76 S1

2 A2 17 Ga2 32 G2 47 Sa2 62 12 77 S2

3 A3 18 Ga3 33 G3 48 Sa3 63 13 78 S3

4 A4 19 Ga4 34 G4 49 Sa4 64 14 79 S4

5 A5 20 Ga5 35 G5 50 Sa5 65 15 80 S5

6 A6 21 Gab 36 G6 51 Sa6 66 16 81 S6

7 A7 22 Ga7 37 G7 52 Sa7 67 17 82 S7

8 A8 23 Ga8 38 G8 53 Sa8 68 18 83 S8

9 A9 24 Ga9 39 G9 54 Sa9 69 19 84 S9

10 Al0 25 Galo 40 G10 55 Sal0 70 110 85 S10

11 A1l 26 Gall 41 G111 56 Sall 71 111 86 S11

12 Al2 27 Gal2 42 G12 57 Sal2 72 112 87 S12

13 A13 28 Gal3 43 G13 58 Sal3 73 113 88 S13

14 Al4 29 Gal4d 44 Gl14 59 Sald 74 114 89 S14

15 Al15 30 Gal5 45 G15 60 Sal5s 75 115 90 S15

Note: A1-A15 — Aghsu; Gal-Gal5 — Gabala; G1-G15 — Goychay; Sal-Sal5 — Samukh; 11-115 —Ismayilli; S1-

S15 - Sabirabad.
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STATISTICAL ANALYSIS

To analyze marker polymorphism levels,
data were presented as a binary matrix, where
the “presence” or “absence” of PCR fragments
corresponded to values 1 and 0. Construction
of a dendrogram and assessment of genetic dis-
tance among samples was performed using the
PAST (PAleontological STatistics) computer pro-
gram [Hammer et al., 2001] based on Jaccard’s
similarity index and UPGMA (Unweighted Pair
Group Method with Arithmetic Mean) method.
The coefficient of genetic diversity was calcu-
lated following the Weir formula [Weir, 1990].
Statistical parameters such as Polymorphism In-
formation Content (PIC) [Chesnokov, 2015], the
effective multiplex ratio (EMR), and the marker
index (MI) [Roldan-Ruiz et al., 2000] were also
calculated.

RESULTS AND DISCUSSION

After multiple DNA amplification rounds, 14
out of the 20 tested primers were selected for
their superior efficacy in subsequent analysis.
A total of 110 fragments were identified, with
86 (78%) exhibiting polymorphism. The ampli-
fied fragments per locus ranged from 5 to 10.
On average, each primer initiated the synthe-
sis of 7.8 fragments, with the UBC811 primer
yielding the highest number of amplicons. The
number of polymorphic DNA fragments varied
from 3 (UBC827 and UBC857) to 9 (UBC811 and
UBC840), with an average of 6.1.

The polymorphism percentage ranged from
57% to 100%. UBC811 and IS15 primers showed
100% polymorphism in this study (Table 2). A
high level of polymorphism at 78%, aligns with
results from Narzary et al. [Narzary et al., 2010],
who, in a study of 87 pomegranate accessions
using 17 ISSR primers, reported a 76.5% level of
polymorphism. The effectiveness of ISSR mark-
er systems for determining DNA polymorphism
has been previously reported. Notably, Rehab
Al-Mousa’s study on Syrian pomegranates us-
ing ISSR markers reported the synthesis of 137
DNA fragments, of which 78 were polymorphic
(56.93%) [Rehab et al., 2019]. El Amine Ajal et
al. [El Amine et al., 2015], in assessing the genet-
ic diversity of 27 pomegranate varieties from
Morocco using eight ISSR primers, identified
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70 fragments, 61 of which were polymorphic.
The high polymorphism of inter-microsatellite
markers is attributed to their multiallelic nature
and hypervariability. Notably, primers with a di-
nucleotide repeat (AG)8 exhibited the highest
frequency of polymorphic loci, consistent with
the findings of Carvalho et al. [Carvalho et al.,
2008].

The genetic diversity index (GDI) was com-
puted for each ISSR locus. An average GDI value
across the entire collection was 0.77. Particu-
larly high index values were observed for the
IS15, UBC811, and HB14 primers, with 0.92,
0.90, and 0.90 GDI, respectively. The informa-
tiveness of these markers aligns with previous
studies [Noormohammadi et al., 2012], con-
firming their robust contribution to genetic di-
versity assessment. Rehab Al-Mousa et al. in a
study of Syrian pomegranates using ISSR mark-
ers highlighted a genetic diversity index ranging
between 0.56 and 0.80 [Rehab et al., 2019]. The
high GDI level affirms the rich genetic diversity
within the studied wild pomegranate collection
across various regions of Azerbaijan.

Various statistical approaches, such as PIC,
EMR, and M| were employed to assess the ef-
fectiveness of used marker system (Tab. 2). A
critical parameter determining marker infor-
mativeness is the polymorphism information
content (PIC). For dominant markers, PIC values
range from 0 to 0.5 and is influenced by both
allele number and allele frequency [Najaphy
et al.,, 2011]. In the current study PIC values
were observed to vary from 0.25 to 0.48, with
an average of 0.39. 40 out of 86 polymorphic
loci exhibited the highest informativeness (PIC
> 0.40). The ISSR16 primer, with (CA)7 dinucle-
otide repeat, yielded the maximum PIC value at
0.48, while the smallest was noted for ISSR11
locus. The obtained average and high PIC values
are deemed sufficient for identifying and distin-
guishing the studied genotype groups. Our re-
sults surpass those reported in previous studies
[Narzary et al., 2010; Talebi et al., 2011], where
mean PIC values ranged from 0.099 to 0.257
and 0.12 to 0.21, averaging 0.163 and 0.15, re-
spectively. Additionally, our findings align with
Noormohammadi et al. [Noormohammadi et
al.,, 2012], showing PIC values ranging from
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0.272 (UBC834) to 0.494 (UBC811) when study-
ing 36 pomegranate genotypes with six ISSR
primers.

MI and EMR, essential characteristics of
marker systems, were computed for each prim-
er, with Ml ranging from 0.61 to 3.87 and EMR

from 1.80to 9, averaging 1.94 and 4.95, respec-
tively. The maximum values for both Ml and
EMR were detected with the IS15 primer, while
the minimum values were associated with the
UBC827 and UBC857 primers for each index,
respectively.

Table 2
Genetic parameters of ISSR primers in wild pomegranate collection
Primers Sequence NAF NPF PIC Polymorphism, % EMR M GDI
UBC808 (AG)8C 8 7 0,39 88 6.13 239  0.70
UBC810 (GA)ST 7 4 0,28 57 2.29 0.64 0.67
UBC811 (GA)8C 10 9 0,44 90 8.10 3.56  0.90
UBC812 (GA)8 A 7 5 0,36 71 3.57 1.29 0.83
UBC827 (AC) 8G 3 0,28 60 1.80 0.50 0.33
UBC834 (AG) 8YT 8 6 0,36 75 4.50 1.62  0.80
UBC840 (GA)STT 10 6 0.32 60 3.60 1.15  0.81
UBC857 (AC)8TT 5 3 0,34 60 1.80 0.61 0.70
UBC868 (GAA)6 9 7 0.41 78 5.44 223 0.85
HB14 (CTC)3GC 8 7 0.43 88 6.13 263 0.90
ISSR3 TGT (AC)7A 7 5 0.40 71 3.57 1.43  0.70
ISSR16 CGT(CA)7C 8 8 0.48 100 8.00 3.84 0.90
IS 11 (AGC)6G 9 7 0.25 78 5.44 1.36  0.84
IS 15 (GA)8CG 9 9 0.43 100 9.00 3.87 092
Total - 110 86 - - - - -
Mean - 7.8 6.1  0.39 78 4.95 1.94  0.77

CLUSTER ANALYSIS AND GENETIC

RELATIONSHIPS

Based on the binary data matrix compiled
from ISSR data, a cluster analysis was under-
taken, and a dendrogram reflecting the genetic
relationships among wild pomegranates was
constructed. The genotypes were grouped into
5 main clusters (Fig. 1). The Jaccard similarity
index in our study, calculated for 90 wild pome-
granate genotypes, ranged from 0.03 to 1.00,
with an average value of 0.77.

The number of accessions in each cluster
ranged from 14 to 32. The outcomes of the clus-
ter analysis unveiled the grouping of most ac-
cessions based on their collection locations. For
instance, cluster 3 encompassed 32 genotypes,
constituting 35% of all studied genotypes. It is
noteworthy that all genotypes collected from
Aghsu concentrated within this cluster, along
with 13 out of the 15 genotypes from Gabala.
Additionally, the cluster comprised 2 genotypes

P
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each from Ismayilli and Goychay. The first clus-
ter predominantly represented genotypes from
the Samukh region, with 15 out of 16 studied
accessions combined in this cluster. In the sec-
ond cluster, prevailing representatives hailed
from the Ismayilli region among the 19 geno-
types. Meanwhile, all genotypes in the fifth
cluster were collected from Sabirabad, suggest-
ing the presence of similar allelic variants for
the majority of the studied inter-microsatellite
loci.

Contrary to Talebi et al’s findings [Talebi
et al., 2003], who did not identify a significant
correlation between geographic regions and
the genetic structure of studied pomegranate
accessions using ISSR data, our study demon-
strates distinct groupings based on collection
locations. Ercisli et al. investigated Turkish wild
pomegranate genotypes using RAPD markers,
noting a genetic similarity index ranging from
0.08 to 0.24 [Ercisli et al., 2011].
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CONCLUSION: conditions. Future molecular analyses on differ-
To sum up, this study underscores the exis- ent genotypes can elucidate phylogenetic rela-
tence of diversity within the wild pomegranate  tionships within genotypes from the same or
germplasm collected from Azerbaijan. The ob-  different locations, aiding in understanding the
served high genetic diversity contributes to the  domestication process shortly.
adaptability of plants to diverse environmental
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ABSTRACT. The activity of peroxidase (EC 1.11.1.21) and superoxide dismutase (EC 1.15.1.1)
was studied in barley and bean seedlings with contrasting salt tolerance grown under extreme
salinity conditions. According to our results, the change of peroxidase activity is adequate as the
concentration of isolation sodium salts increases in the above-ground parts of barley and bean
seedlings grown in water culture. It was found that the activity of SOD in the root system of both
barley and bean seedlings was lower than in the shoot part. The activity of SOD in the root system of
7-day-old barley seedlings cultivated in water culture increased with the increasing concentration
of chloride and sulfate salts (25-50mM). The subsequent increase in the concentration (75-100mM)
resulted in reduced enzyme activity although exceeding the activity in control plants. The enzyme
activity in barley seedlings grown in soil culture was weakened by the influence of salts. It should
be noted that the linear nature of the increase in SOD activity in the root system of bean seedlings
cultivated in water culture when the concentration of salts increases indicates a decrease in the
amount of substrate in the root system. The study of enzyme activity in the root and shoot parts
of barley and bean seedlings with contrasting salt tolerance grown in soil and water culture under
extreme salinity, which allows determining the adequate or specific nature of peroxidase and
superoxide dismutase reactions.

Keywords: salinity, stress, superoxide dismutase, superoxide anion radicals, peroxidase

INTRODUCTION

At present, one of the serious problems fac-
ing agriculture is the salinization of agricultural
lands due to both natural and anthropogenic
causes [Gasimov, 2012; Abdiyev, 2017; Veli-
janova, 2022].

According to modern calculations, 15-23%
of the dry area of the Earth, including the lands
used in agriculture, are saline soils. Soil salinity,
which is one of the main factors of the environ-
ment, has a strong effect on the development
and productivity of agricultural plants [Sun et
al., 2016]. There are over 1.3 million hectares
of saline soils in Azerbaijan [Mammadov, 2007],
and the tendency of this process to progress is
observed [Abdiyev, 2017]. The composition of

salts in the lands of Azerbaijan is quite diverse.
Chloride-sulfate or sulfate-chloride types of sa-
linization are more widespread. Besides, car-
bonate salinity is not uncommon (Mammadoyv,
2007; Wang Su-Ping et al., 2007).

It should be noted that extreme salinity con-
ditions have a negative impact on the develop-
ment of cultivated plants, significantly reducing
productivity and sometimes leading to their
complete destruction [Aliyeva, 2018; Valijano-
va, 2022].

Currently, the most dangerous salinity in the
soil is considered to be sodium-chloride salinity
because chemically active ions such as Na+ and
Cl- accumulate in plant cells in excess, negative-
ly affect a number of physiological-biochemical
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processes, and ultimately reduce productivity
sharply [Wang Su-Ping et al., 2007; Flowers,
2008; Ibrahimova, 2015].

Besides, most of the Earth’s flora are ex-
posed to salts during their growth cycle. Thus,
the study of the mechanism of action of salts on
the plant organism is not only theoretical but
also of great practical importance. Researchers
associate the toxic effect of salts in the plant
body with the disruption of the activity of cell
enzymes [Shevyakova, 2010; Gasimov, 2012;
Abdiyev, 2017]. This is not accidental. If living
organisms are self-regulating systems, then en-
zymes are considered a regulatory component
for all physiological-biochemical processes.

Several defence systems are known in the
plant body. One of these defense systems is
the enzyme system in the cell. From this point
of view, the study of the activity of peroxidase
and superoxide dismutase, which are widely
distributed defense system enzymes in the an-
imal and especially the plant body, is of great
importance.

Under salinity conditions, the accumulation
of hydrogen peroxide, having a harmful effect
on plants [Garifzyanov, 2012] and superoxide
anion radicals, which are the source of the for-
mation of reactive oxygen species [Baranenko,
2006] and have toxic effects on cells, occurs.

Peroxidase breaks down hydrogen perox-
ide into water and atomic oxygen. Superoxide
dismutase (SOD) catalyzes the conversion of su-
peroxide anion radicals into molecular oxygen
and hydrogen peroxide.

Peroxidase increases the resistance of the
plant organism to diseases. Besides, perox-
idase plays an important role in the synthesis
of polyphenols, as well as in the process of hy-
droxylation of the benzene ring. On the other
hand, peroxidase is very important in the use of
the oxygen reserve of the cell [Gasimov, 2008].
Peroxidase is also involved in the regulation of
growth and development processes in plants.

Superoxide dismutase (SOD) is also widely
distributed in plant tissues and cells. Super-
oxide anion radicals are the first product of
one-electron reduction of molecular oxygen
and are the source of the formation of reactive
oxygen species that have a more toxic effect on
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cells [Baranenko, 2006]. In addition to partici-
pating in the formation of other reactive oxy-
gen species, superoxide anion radicals directly
oxidize intracellular macromolecules, including
proteins, and inactivate enzymes. Therefore,
SOD is one of the important enzymes that form
the first line of defence protecting intracellular
macromolecules from oxidative damage. It also
ensures a low concentration of superoxide an-
ion radicals in the cell and reduces the activity
of the formation of ROS (reactive oxygen spe-
cies) [Volikhina, 2009].

The negative effect of salts on plants is more
pronounced in the early stages of ontogenesis,
and in this period, plants are more sensitive to
salinity. Therefore, to clarify the mechanism of
the effect of salts on the plant body, the study
of physiological-biochemical processes in the
first stages of the development of seedlings is
of great importance, because the first physio-
logical-biochemical processes occurring in plant
cells have a strong impact on the subsequent
changes in intracellular metabolism in the plant
body. Thus, it is clear from the above that per-
oxidase and superoxide dismutase enzymes are
very actively involved in cell metabolism.

MATERIAL AND METHODS

7-day-old seedlings of barley (Karabagh 22)
and bean (Local pedestrian) varieties, which are
widely used in agriculture, served as research
objects. The biological characteristics of barley
(Hordeum vulgare L), belonging to the class of
monocotyledons allow the cultivation under dif-
ferent climatic conditions. Therefore, this plant
is widely distributed in the world. On a global
scale, the cultivated area of barley is close to
100 million hectares. Barley, being an import-
ant cereal crop, is cultivated for food, fodder,
and technical purposes. Bean belonging to the
legume family (Phaseolus vulgaris) is a dicot-
yledonous plant rich in protein. Bean holds a
leading place among vegetable crops, both in
terms of use scope and nutritional value. Seed
germination was carried out in a special cham-
ber with 420 lux lighting, 200C and normal aer-
ation (0.04 mg O,/min) in Knop’s solution and
soil (dark mountain grey-brown) culture. In
experimental variants, the Knop solution with
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salt (NaCl and Na_SO,) concentrations of 10, 20,
and 30 mM for beans, and 25, 50, 75, and 100
mM for barley was used in water culture. In soil
culture, artificial medium with 0.2%, 0.4%, 0.6%
0.8%, and 1% concentrations of salts was creat-
ed under laboratory conditions.

The activity of peroxidase in plant roots
and shoots is based on the rate of oxidation
reactions in which a blue oxidation solution is
formed. The concentration of the blue oxida-
tion solution was determined with a photoelec-
tric colourimeter (UXL-42) [Yermakov, 1987].
The formation of the superoxide anion radical
is based on the formation of the purple colour
of nitroblue-tetrazolium. Enzyme activity was
measured by the spectrophotometric method
[Beauchamp & Fridovich, 1971]. Experiments
were performed in 3-4 replicates, the obtained
results were processed statically [Kerdyashov,
2018]. In the studies, the accuracy rate was
lower than 5%, the obtained results are mathe-
matically reliable.

RESULTS
Although many scientific studies have been

conducted on the effects of salts on enzymes,
most of these data are contradictory. On the
other hand, the mechanism of the effect of salts
on the activity of enzymes in plant seedlings at
the first stages of ontogenesis has not yet been
fully clarified. The study of the nature of chang-
es in the activity of peroxidase and superoxide
dismutase in the roots and shoots under the in-
fluence of salt is of great scientific-theoretical
and practical importance.

The activity of peroxidase was found to be
higher in the roots than in the above-ground
parts of 7-day-old barley and bean seedlings
grown in water and soil culture (Fig. 1). It was
found that the activity of peroxidase in the
roots and shoots of seedlings in water culture
was higher than in soil culture. It should be not-
ed that a similar result was obtained for the su-
peroxide dismutase enzyme. In general, phys-
iological-biochemical processes occur faster in
plants grown in water culture than in plants
grown in soil culture. Besides, the activity of
peroxidase in bean seedlings was higher than
that of barley seedlings. Physiological and bio-
chemical processes are faster in plants grown in

60

50

40

30

unit)

20

10

Enzyme activity (a relative

0
NaCl(shoots)

Na2S04(shoots)

H control
m25mM
W 37,5mM
m50mM
®75mM
m100mM

NaCl(roots) Na2S04(roots)

D
o

w
o

N
o

w
o

b)

N
o
I

Enzyme activity (a relative unit)

=
o
I

NaCl(shoots)

Na2S04(shoots)

M control
m0.2%
m0.4%
m0.6%
m0.8%
m1%

NaCl(roots) Na2SO4(roots)

Figure 1. Peroxidase activity in roots and shoots of 7-day-old barley seedlings grown in water (a) and soil
cultures (b) under different concentrations of NaCl and Na SO,
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Figure 2. Peroxidase activity in the roots and shoots of 7-day-old bean seedlings cultivated in water (a) and
soil cultures (b) under different concentrations of NaCl and Na,SO,.

water culture due to better aeration and water
supply.

In addition, peroxidase activity was deter-
mined under the influence of different concen-
trations of Na,SO, and NaCl. A linear growth in
peroxidase activity occurred with the increasing
salt concentrations (25-100 mM) in roots and
shoots of 7-day-old barley seedlings grown in
water culture. In the roots of barley seedlings, a
different picture was obtained due to the effect
of salts. As seen in the figure, the activity of per-
oxidase increased when the concentrations of
salts in the roots of barley seedlings were rel-
atively low (25-50 mM), and then the activity
of peroxidase decreased with the increasing
concentrations of salts (75-100 mM) (Fig. 1). It
should be noted that a different picture was ob-
served in both roots and shoots of barley seed-
lings cultivated in the soil under the effect of
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salts. Thus, the activity of peroxidase increased
when the concentrations of salts were relative-
ly low (0.2%) in the root system of 7-day-old
barley seedlings cultivated in soil culture. Then,
with the increase in salt concentrations (0.4-
1.0%), the activity of peroxidase decreased.

In the above-ground part, at relatively low
concentrations of salts (0.2-0.4%), the activity
of peroxidase increased and the subsequent in-
crease in salt concentrations (0.6-1.0%) led to
a decrease in the activity of the enzyme (Fig.
1). It should be noted that when the concentra-
tion of isocation sodium salts increased in the
roots and shoots of 7-day-old bean seedlings
grown in both water and soil cultures, the activ-
ity of peroxidase increased linearly (Fig. 2). It is
known that superoxide dismutase is one of the
enzymes of the antioxidant defense system that
plays the most important role in protecting cells
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and tissues from oxidative damage under con-
ditions of salt stress [Baranenko, 2006; Amra-
hov et al., 2022; Mammadov, 2023]. The activ-
ity of superoxide dismutase (SOD) was studied

in barley and bean seedlings cultivated under
isocation sodium salinity conditions.

Based on the results, the activity of SOD sim-
ilar to peroxidase was higher in the 7-day-old
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Figure 3. Superoxide dismutase activity in roots and shoots of 7-day-old barley seedlings cultivated in
water (a) and soil cultures (b) under various concentrations of NaCl and Na SO,

barley and bean seedlings cultivated in the wa-
ter environment compared to the plants culti-
vated in the soil. It was found that the activity of
SOD in seedlings depends on the concentration
of isocation sodium salts in the environment.
Besides, the activity of SOD in the roots of both
barley and bean seedlings is lower than in the
shoots. The higher activity of SOD in the aerial
part compared to the root can be explained by
the activity of different isoforms of the enzyme
in chloroplasts. The higher activity of SOD in the
shoots compared to the roots can be explained
by the presence of different isoforms of the en-
zyme in chloroplasts.

-~
25
-

The research revealed that the activity
of SOD in the root system of 7-day-old barley
seedlings grown in water culture increased as
the concentration of chloride and sulfate salt
increased (25-50 mM), and the activity of the
enzyme was reduced during the subsequent in-
crease in concentration (75-100 mM), but it was
lower than in the control. In the above-ground
part, the activity of SOD decreased with the
increase of NaCl concentration (25-100 mM)
compared to the control. In the case of sulfate
salinity, the activity of the enzyme increased
with the enhancing salt concentrations (25-50
mM), and the activity of the enzyme decreased
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Figure 4. The activity of superoxide dismutase in roots and shoots of 7-day-old bean seedlings
cultivated in water (a) and soil cultures (b) under various concentrations of NaCl and Na SO,

during the subsequent increase in concentra-
tion (75-100 mM) although remained higher
than in the control (Fig. 3).

It should be noted that a different picture
was obtained from the effect of salts on both
the roots and the shoots of barley seedlings cul-
tivated in soil culture. Thus, as the concentration
of NaCl increased (0.2-1.0%) in the root system
of barley seedlings cultivated in soil culture, the
activity of SOD decreased sharply. In the case
of sulfate salinity, the activity of the enzyme
weakened at relatively low concentrations (0.2-
0.4%) of the salt, and although the subsequent
increase in concentrations (0.6-1.0%) led to the
enhanced activity of the enzyme, it was lower
than in the control. In the above-ground parts,
the activity of the enzyme decreased sharply
when the concentration of salts increased (Fig.
3).

We believe the linear nature of the in-
crease in the activity of SOD due to increased
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concentration of salts (10-30 mM) in the root
system of bean seedlings cultivated in water
culture indicates a decrease in the amount of
substrate in the root system. As the concentra-
tion of salts (10-30 mM ) in the shoots increased,
the activity of SOD decreased. Under sulfate
salinity, the decrease was sharper (Fig. 4). A
similar result was also obtained for the above-
ground parts of 7-day-old bean seedlings grown
in soil under different concentrations of salts.
Thus, as the concentration of salts increased
(0.2-0.6%), the activity of SOD in the shoots de-
creased sharply (Fig. 4). In the root system of
bean seedlings, when the concentration of salts
was relatively low (0.2%), the activity of SOD
weakened, and during the subsequent increase
in concentrations (0.4-0.6%) of salts, the activ-
ity of SOD increased. However, the activity of
SOD was lower than in the control.

During long-term exposure to high-con-
centration salts, SOD activity may decline due

-~
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to a decrease in the amount of superoxide
radicals because of their quenching. Besides,
H,O, and hydroxyl radical (OH-) can cause en-
zyme inactivation or degradation. The increase
in enzyme activity under stress conditions can
be attributed to the increase in the synthesis of
new enzyme molecules. The obtained results
agree with the literature data. Thus, several
scientists have noted the declining SOD activity
during the protection of cells and tissues from
oxidative damage under stress [Santos et al.,
2011; Waultal, 2013]. The linear nature of en-
zyme activity under extreme salinity conditions
can be attributed to the fact that the amount
of hydrogen peroxide and superoxide anion
radicals, which are used as enzyme substrates
in tissues, does not reach saturation. Because
any enzymatic reactions, including those car-
ried out with the involvement of peroxidase
and superoxide dismutase, are the first-order
reactions until saturation with the substrate.
However, after saturation, the enzymatic reac-
tion becomes zero-order and does not depend
on the amount of substrate.

It is important to note that H,O, formed as a
result of the effect of SOD is an inhibitor of the
enzyme. Thus, the effective functioning of SOD
also depends on catalase, and ascorbate-gluta-
thione cycle enzymes, which belong to other
defence system enzymes that break down H,0..

CONCLUSION

The activity of peroxidase and superoxide
dismutase, which play a most important role in
protecting cells and tissues from oxidative dam-
age, was determined in barley (tolerant) and
bean (sensitive) seedlings with contrasting salt
tolerance, grown under isocation sodium salin-
ity conditions. The study revealed that as the
concentration of salt increased (25-100mM),
the activity of peroxidase increased linearly
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ABSTRACT. This work describes the taxonomic contributions of species belonging to the genus
Pyrus L. in the northeastern part of the Greater Caucasus region of Azerbaijan. The study includes
morphological descriptions, and taxonomic characteristics of five Pyrus species researched in

the Guba and Khizi regions. These species are taxonomically recognized as a cohesive group and
were examined in their natural habitats. Previous studies indicate that these species can produce
viable crops in both natural and cultural environments, highlighting their adaptability. Certain
morphological differences among the species align with expected biological variability. This research
contributes to the understanding of Pyrus taxonomy and morphology in this unique ecological
area, offering valuable insights for conservation and sustainable management of local biodiversity.
Certain morphological differences among the species align with expected biological variability.
This research contributes to the understanding of Pyrus taxonomy and morphology in this unique
ecological area, offering valuable insights for conservation and sustainable management of local

biodiversity.

Keywords: Pyrus L., taxanomy, morphology, Greater Caucasus, biodiversity

INTRODUCTION

Pyrus L. refers to half of the Pyrinae subfam-
ily within the Rosaceae family. The species of
pears and apples were first described by Lin-
naeus, but a more comprehensive presentation
of these descriptions was provided by Decaisne
[Zamani, 2012]. The genus Pyrus includes more
than 80 species of pears, with 73 found in Eur-
asia. Within the Iranian-Turanian and Mediter-
ranean floristic regions, there are 12 varieties of
Pyrus flora. The Italian flora contains 4 species,
while the Syrian flora has 2 species. Additional-
ly, there are 11 endemic species in the Turkish
flora. In Europe, 13 species of Pyrus have been
described [Challice & Westwood, 1973]. Since
ancient times, both West Eurasian and East
Asian species of Pyrus have been concentrated
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in the central regions of pear species, primarily
in China. In these areas, two distinct groups of
pear species are recognized: western and east-
ern. The western species are predominant in
East Asia and are found mainly in Europe, North
Africa, Turkey, Iran, Iraqg, Syria, Central Asia,
Russia, and Afghanistan, as well as in the east-
ern type [Potter et al., 2007].

The research examines the impact of abiotic
factors, including soil composition, tempera-
ture, and humidity, on the morphological char-
acteristics of cultivated dendroflora in north-
eastern Azerbaijan. The authors emphasize that
variations in leaf size, stem thickness, and root
structure are adaptive responses to these envi-
ronmental influences. These morphological ad-
aptations are vital for the survival and growth
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of tree species within this diverse ecosystem.
[Iskender et al, 2022; Bakshaliyeva et al, 2024].

The Rosaceae family is globally widespread,
with its main diversification occurring in the
Northern Hemisphere. It comprises approxi-
mately 3,000 species across 100 currently rec-
ognized genera [Kalkman, 2004]. According to
recent nomenclatural changes, it has been clas-
sified under the subfamily Maloideae, tribe Ma-
leae Small, and subtribe Malinae [Reveal, 2012
a;b]. However, Christenhusz proposed a signif-
icant re-circumscription of Pyrus, suggesting
the merger of several previously recognized
genera into it [Christenhusz et al., 2018]. In this
context, we choose to maintain the traditional,
moderately narrow definition of Pyrus.

Pyrus has been classified under the sub-
family Spiraeoideae, globally, members of this
genus are predominantly shrubs or trees, char-
acterized by shapes that are pyramidal, um-
brella-like, or narrow and straight [Zheng et
al.,2014].

In the article authors four new records of the
genus Pyrus from Pakistan are presented. The
authors emphasize the importance of these dis-
coveries in broadening the known distribution
of Pyrus species in the area. They provide de-
tailed descriptions of the morphological traits
of the newly identified species, including leaf
shape, flower structure, and fruit characteris-
tics. The study highlights the ecological condi-
tions that support these species, enhancing the
understanding of their habitat preferences. Fur-
thermore, the authors discuss the potential im-
plications for conservation efforts, particularly
in light of the growing threats to biodiversity in
Pakistan. The findings illustrate the necessity
for continued botanical surveys to document
and uncover plant diversity in less-explored
regions. Overall, this research contributes valu-
able information to the existing knowledge of
the Pyrus genus within the Rosaceae family [Is-
lam et al., 2019].

In this research the significance of plant mor-
phology for adaptation and survival in diverse
environments, affecting their ability to flourish
under changing conditions. Author points out
that a deeper understanding of these morpho-
logical traits can enhance conservation efforts

-
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by showcasing plants’ resilience and their vital
role in sustaining ecological balance [Raven,
2020].

The pear is part of the Rosaceae family, like
many cultivated fruit trees, and is the second
most produced fruit tree crop after the apple.
Over the past few decades, pear production
has grown significantly, reaching more than
27 megatons across nearly 1,600,000 hectares
worldwide. Pears have been cultivated in Eu-
rope and Asia for over 5,000 years. Among all
known pear species and interspecific hybrids,
five are primarily cultivated: the European pear
(Pyrus communis) and the Asian pears P. pyrifo-
lia, P. x bretschneideri, P. ussuriensis, and P. sin-
kiangensis. European pear fruits are elongated
with a rich texture, while Asian pears are round
and have a sandy texture. The genus Pyrus falls
within the Amygdaloideae subfamily and the
Malinae tribe, comprising approximately 75—-80
species and interspecific hybrids. The occur-
rence of various hybridizations among Pyrus
species makes it challenging to distinguish be-
tween some pear species [Smith and Johnson,
2020].

This research work is a comparative study of
pollen morphology and fertility in Pyrus L. spe-
cies, evaluating both in situ and ex situ condi-
tions in Azerbaijan’s Greater Caucasus. Their re-
sults demonstrate notable variations in pollen
characteristics and fertility rates, highlighting
how environmental factors influence repro-
ductive success in these species [Jafarzadeh &
Iskendar, 2024; Jafarzadeh et al, 2022].

MATERIALS AND METHODS

In our study, we used fresh materials col-
lected from the geographical distribution areas
in the northeastern part of the Greater Cauca-
sus. This collection work was conducted from
several years. The taxonomy were studied us-
ing the some methods [Challice & Westwood,
1973]. The five species included in the study
are: Pyrus caucasica, Pyrus communis, Pyrus
georgica, Pyrus vsevolodii, and Pyrus salicifolia.

These methods in taxonomy offer a ro-
bust framework for systematically classify-
ing and identifying species [Challice & West-
wood, 1973]. Their emphasis on morphological
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analysis allows researchers to examine key phys-
ical traits, such as leaf shape and flower struc-
ture, to differentiate between species. This ap-
proach is complemented by anatomical studies,
which investigate internal structures like the
vascular system and wood anatomy, providing
deeper insights into the relationships among
taxa.

c
Figure 1. a) General appearance of Pyrus caucasica
in the field; b) Overview of flowers in Guba; c) Fruit

The ecological context of species, taking
into account habitat types and geographical dis-
tributions. This ecological perspective helps ex-
plain the adaptive significance of various mor-
phological traits. While grounded in traditional
methods, they also advocate for the integration
of phylogenetic analysis, recognizing the value
of molecular data in modern taxonomy. In this
taxonomic study of Pyrus, we employed three
primary methods: Morphometric Analysis, Flo-
ral Morphology Examination, and Fruit Mor-
phology Assessment.

Morphometric Analysis involved quantita-
tively measuring leaf characteristics such as
size, shape, and venation patterns, allowing
us to identify distinct morphological variations
among Pyrus species forimproved classification.

Floral Morphology Examination focused
on analyzing flower structures, including petal
arrangement, size, and color. This detailed ex-
amination aids in distinguishing closely relat-
ed species and enhances our understanding of
their reproductive adaptations.

Fruit Morphology Assessment involved
evaluating the physical traits of fruits, such as
shape, size, and texture. These variations are

Figure 2. a) General view of Pyrus communis in
its habitat; b) Frui
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-
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vital for species identification and offer insights
into the ecological roles and dispersal mech-
anisms of various Pyrus species.Collectively,
these methods provide a comprehensive ap-
proach to understanding Pyrus taxonomy and
enhance species identification within the Rosa-
ceae family.

RESULTS
Taxanomy of species of the genus Pyrus L.
(APG IV)
Kingdom: Plantae
Subkingdom: Viridiplantae

C

Figure 3. a) Flowers of Pyrus georgica; b) Fruit; c)
Leaves

Infrakingdom: Streptophyta
Division: Tracheophyta
Subdivision: Spermatophytes
Class: Magnoliopsida

Family: Rosaceae

Subfamily: Amygdaloideae
Tribe: Maleae

Genus: Pyrus

Species
1. Pyrus caucasica Fed.
2. Pyrus communis L.
3. Pyrus georgica Kuth.
4. Pyrus vsevolodii Heideman
5. Pyrus salicifolia Pall.

1. Pyrus caucasica Fed.

Description: Pyrus caucasica Fed. grows to a
height of 25 meters, characterized by its thorny
gray bark and a trunk diameter of 60 (up to 80)
cm. The leaves are round or ovate, with a fuzzy
underside and a dark green upper surface. The
flowers are arranged in clusters, with white pet-
als, and the fruits are smooth. The stems are 2 to
36 times longer than the fruits. The bark of the
plant is brittle. It typically grows in light mixed
forests, rocky slopes, low to medium mountain
ranges, and river valleys. The leaf stalks drop off
quickly and can be confused with each other.
The base of the leaves is either grooved, bul-
bous, or egg-shaped, with a length of 3-5 cm.
The leaf edges are entire, and the petiole is 2-3
times longer than the leaves. The fruit is vari-
able and not prone to damage. Ripe fruits are
dark in color. The tree blooms in late April to
early May, with fruit development occurring in
August to September [Flora of Azerbajan, 1954;
Mammadov, 2016].

Distribution and habitat: Under natural
conditions, Pyrus caucasica is found in Russia
(Dagestan), Armenia (Dilijan), and Georgia. In
Azerbaijan, itis naturally distributed in the Guba
region and in the forests of the Nakhchivan Au-
tonomous Republic (specifically in the village of
Bichanek, Shakhbuz district). This species is rare
in Azerbaijan and has limited habitats. It is cul-
tivated in the Botanical Garden. The decline in
natural populations is primarily due to human
activity.The extensive plain of the northeastern

-
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Figure 4. a) General appearance of Pyrus
vsevolodii in its habitat; b) Flower; c) Leaves; d)

Fruit
www.botanic.az

slopes of the Greater Caucasus, particularly in
the southeastern forest known as Altyagach,
has been cleared of its fertile forest areas,
which did not produce fruit, while pear trees
were preserved. Local people harvest abundant
fruits from this area each year. Isolated speci-
mens of pears can also be found in the forests
of the Samur-Shabran plain. Additionally, it is
known that pears thrive at high altitudes, spe-
cifically between 1600 and 1800 meters. This
species is primarily found in these natural hab-
itats [ Flora of USSR, 1934-1960, Mammadov,
2016].

2. Pyrus communis L.

Description: The approximate height of
Pyrus communis is 15-20 meters. It flowers
from April to May, with seeds dispersing from
October to December. The flowers are her-
maphroditic (containing both male and female
organs) and are pollinated by insects. This is
a leaf-bearing plant. The leaves are elliptical,
measuring 3.5 x 1.5-4 cm, smooth and serrated
initially, then becoming smooth and green, with
a length of about 5 cm. The flowers are borne
in clusters of 5-9, each measuring 2-3 cm, with
a stem length of 1.5-3 cm. The flowers, which
open before the leaves, have five white petals
and exhibit red spots on the throat. The color
of the flowers is white. The fruit is yellow and
curly, measuring 2-4 cm in size, with a thickness
of 1-1.5 cm. [Flora of Azerbajan,1954, Mamma-
dov, 2016].This species prefers humus-rich soils
and fertile garden lands, thriving particularly in
moist conditions.

Distribution and habitat: In Azerbaijan’s
Guba district, Pyrus communis thrives in the
lush mixed forests and fertile river valleys, cre-
ating an ideal environment for pear trees. The
Khizi district features a unique microclimate
that supports the growth of Pyrus communis
in both natural habitats and cultivated areas.
Numerous orchards in Shamakhi focus on cul-
tivating Pyrus communis, taking advantage of
the region’s fertile soil and favorable agricultur-
al conditions. Similarly, in Georgia, the Adjara
region offers abundant landscapes where Pyrus
communis flourishes in both wild and cultivated
settings [Flora of USSR, 1934-1960; Mammad-
ov, 2016].

-
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Figure 5. a) Leaves of Pyrus salicifolia; b) Fruits I:!'

In general, leafy herbs of the genus Pyrus L. were
collected for herbarium preparation. This prepara-
tion was completed in July 2017, although the col-
lection process occurred at various times through-
out several years.
"9:5
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a Figure 6. Leaf Herbarium of the Genus Pyrus L.
a-P.communis, b-P.georgica, c-P.caucasica, d-P.
vsevolodii, e-P.salicifolia
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3.Pyrus georgica Kuth.

Description: In its natural range, Pyrus com-
munis reaches a height of 5-9 meters. The bark
is gray or brown and smooth. The leaves are
broad, elliptical, and lenticular, with an acute
tip, featuring a dull gray color on both the upper
and lower surfaces. The leaves measure 5-10
cm in length and 1.5-3 cm in width. The petiole
is hollow and ranges from 1.6 to 4.5 cm long.
The overall appearance of the stem is appealing
.The fruit is yellowish, elongated, and slightly
flattened. The fruits of seedlings measure 2-4
cm in length and are found in clusters along the
stem. The tree blooms in April, with fruit devel-
opment occurring by August. The fruit is typi-
cally round or slightly elongated, changing to
a chestnut or greenish color as it matures .This
species is less demanding regarding light and
drought conditions. It grows naturally through
both vegetative and generative methods, pri-
marily from seeds [Flora of Azerbajan,1954;
Mammadov, 2016].

Distribution and habitat: In Georgia and
Armenia (specifically in Derelaz), there are nat-
ural habitats In Azerbaijan, it is found in rocky
areas of the Guba region, as well as in natural
locations in Khizi (Altyagach), Shamakhi (Goy-
ler-Meul & Gushcha villages), the Shabran
district (slopes of the Chiragkala mountains),
Ordubad (Bist village on the right bank of the
Gilanchay), and the Shahbuz region (in the
Batchanek forest) [Flora of Azerbajan, 1954;
Flora of USSR, 1934-1960; Mammadov, 2016].
This species typically grows on low to medium
mountain slopes with dry, stony terrain. It is
also cultivated in the Botanical Garden. The de-
cline of its natural populations is primarily due
to human activity .

4. Pyrus vsevolodii Heideman

Description: Pyrus vsevolodii Heideman is a
low-density tree with a height of 7-8 meters. The
bark is dark green and gray, while the branches
are light gray and brittle. The leaves are either
lens-shaped or leaf-like, with a sparse venation
on the underside. The fruits are round, mea-
suring 1.8-2.0 cm in diameter. Initially, the flesh
is flaky, becoming fibrous and brittle as it ma-
tures, and the stem is long and hairy, measur-
ing 1.5-2 times the length of the fruit [Flora of
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Azerbajan, 1954; Mammadov, 2016].This spe-
cies is endemic to Azerbaijan and is drought-re-
sistant, thriving in light and well-drained soils .It
blooms in April and May, with fruit ripening in
August. The ripe fruit has a bluish hue. In na-
ture, it primarily reproduces through seeds and
root propagation .

Distribution and habitat: In Azerbaijan,
Pyrus vsevolodii is naturally found in the Go-
bustan and Khizi (Altyagach) districts. This
species is considered rare in Azerbaijan, with
limited habitats. It is cultivated in the Botani-
cal Garden. The plant was first described by T.S.
Heideman in 1941, near the village of Altiagach
[Flora of Azerbajan,1954, Flora of USSR ,1934-
1960 Mammadov, T -2016].The decline of its
natural populations is primarily due to human
activity. It was include that this species in the
“Red Book” of Azerbaijan [Red Book of Azerbai-
jan, 2023].

5. Pyrus salicifolia Pall.

Description: Pyrus salicifolia Pall. is a tree
or shrub that reaches heights of 7-12 meters
and can have a diameter of up to 40 cm. The
pale stems initially have a light color but turn
red over time, and the stems and branches are
quite prickly. The leaves can be 5-10 cm long
and up to 1 cm wide. The upper and lower sur-
faces of the leaves are scaly and can peel. The
leaves are pointed, often serrated, and exhibit
a scarlet color.The flowers are found in numer-
ous clusters, while the fruits are broad and can
be either elongated or round, with a yellowish
or brown hue. They typically measure 2.0-2.5
cm in length and 1.5-2.0 cm in width. The fruits
start off fluffy and then become smooth as they
mature. Seedlings produce fruits that are 2-3cm
in size.Pyrus salicifolia is drought-resistant and
less demanding in terms of light. When cultivat-
ed, it is used for both decorative purposes and
as an ingredient in herbal decoctions. It blooms
in April-May and bears fruit in August-Septem-
ber .In nature, it reproduces both vegetatively
and generatively, primarily through seeds and
root propagation [Flora of Azerbajan,1954;
Mammadov, 2016].

Distribution and habitat: Pyrus salicifo-
lia is naturally found in regions of Russia, Tur-
key, and Iran. In Azerbaijan, it occurs in the
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Samur-Shabran plain, as well as in the Lankaran,
Nakhchivan Autonomous Republic, Astara, and
Gobustan regions. This species is considered
one of the rare plants in Azerbaijan, with limit-
ed habitats.

It can be found in the Nakhchivan Moun-
tains on dry, rocky slopes, as well as in low to
middle mountain areas or sparse forests.The
species is cultivated in the Botanical Garden
[Flora of USSR, 1934-1960; Mammadov, 2016].

The decline of its natural populations is primar-
ily due to human activity. It was include in the
Red Book of Azerbaijan [Red Book of Azerbai-
jan, 2023].

The diagnostic indicators of the genus Pyrus
L. are related to its morphological structure and
seasonal rhythm [Abbasova & Iskender, 2018].
Furthermore, the diagnostic characteristics of
the genus Pyrus L. have been briefly studied
and summarized in Table 1.

Table 1.

Morphological Characteristics of the Genus Pyrus L.

Ne Species Shape of leaf | Floral group | Length of the | Leaf edges | Fruitshape | Fetus size (sm)
leaf (sm)

1. P.caucasica | Round or Shield Floral | 3-5 Entire Round 3-4
Broad Egg Group

2. P.communis | Egg or Ellip- | Shield Floral |3.5-4.5 Entire or Spherical 2-4
tical Group Broad

3. P.georgica Elliptical or Shield Floral | 5-10 Pointed Tuber or 2-3
Lanceolate Group Pear

4. Pvsevolodii | Long Lantern | Shield Floral | 4-8 Entire Round 3-3.5
or Wide Group Shaved

Pearls
5. Psalicifolia | Long Narrow | Shield Floral |4.5-9 Blunt or Wide Cir- 2.5-3
Group Sharp cular

The APG |V system is a modern taxonomic
classification system for flowering plants de-
veloped by the Angiosperm Phylogeny Group
(APG) and published in March 2016 in the Bo-
tanical Journal of the Linnean Society in the
article “Update of the Angiosperm Phylogeny
Group for the Orders and Families of Flowering
Plants: APG IV” [APG IV, 2016]. In our study, we
examined the taxonomy of the species Pyrus L.
within the APG IV system. While there are some
differences between the APG Il and APG IV sys-
tems, there are minor changes were made to
the genus Pyrus L. as studied in our research
[APG IV, 2016].

CONCLUSION

As highlighted earlier, our study focuses on
the genus Pyrus L. in the northeastern part of
the Greater Caucasus. We explored the mor-
phological descriptions and taxonomic charac-
teristics of these plants. Our results reveal that
while Pyrus L. displays morphological variation

within the same taxonomic group, Pyrus sali-
cifolia is particularly distinct due to its specific
soil preferences and unique fruit features.

These differences are closely related to the
traits observed in both cultivated and wild pop-
ulations. The emergence of certain morphologi-
cal variations can be attributed to a combination
of natural and anthropogenic environmental
factors, emphasizing the adaptability and eco-
logical relevance of this genus. Our research
enhances the understanding of the taxonomy
and morphology of Pyrus L., highlighting its sig-
nificance in the region’s biodiversity.
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ABSTRACT. Researches were conducted with wheat (Triticum durum), barley (Hordeum vulgare) and
corn (Zea mays indentata) plants irradiated with gamma radiation at different doses. In the studies
conducted by Electron Paramagnetic Resonance spectroscopy (EPR) method, some biophysical
parameters were studied in control and ten-day-old sprouts of wheat and corn seeds irradiated with
different doses of ionizing gamma radiation, and a detailed explanation of the obtained regularities
was given. At the same time, cytogenetic analyzes were carried out with seedlings of wheat (Triticum
durum), barley (Hordeum vulgare) and corn (Zea mays indentata) plants irradiated with different
doses of ionizing gamma radiation, and chromosomal aberration was determined. The regularity
observed in the results obtained during the experiments was explained by the working mechanism
of the photorespiration process in plants belonging to the C3 type of photosynthesis. Germination
dynamics were determined in the studied plants. Prepared samples were studied on a ZEISS Axio
Imagez A2 electron microscope. Compared with control samples, the effect of different doses of
ionizing gamma radiation on the mitosis process in plant roots was studied.

Keywords: stress factor, ggmma radiation, EPR signals, cytogenetic analyses

INTRODUCTION investigated [Nasibova et al., 2021]. In some mi-

Many scientific studies have been conduct-
ed on the effects of various stress factors, in-
cluding individual and combinatory stress fac-
tors, ionizing gamma radiation, salt solutions of
different concentrations [Aliyeva et al., 2023;
Nasibova et al., 2016; Amrahov et al., 2023].
A number of parameters have been studied
during the influence of these factors in wheat
(Triticum L.) and corn (Zea mays L.)plants be-
longing to the C3 and C4 types of photosynthe-
sis [Khalilov et al., 2022; Nasibova et al., 2020].
The results of the research conducted in this
field are of great importance both from a practi-
cal and theoretical point of view in medical and
biological research, agriculture, pharmacy and
other fields.

The effects of environmental pollution
factors on various plant species collected
from different areas of Azerbaijan have been

croorganisms, paramagnetic centers were stud-
ied by the EPR method during the influence of
radiation factors [Kazimli et al., 2022].

During the research conducted with higher
plants and microorganisms, it was determined
that under the influence of stress factors, na-
no-sized iron oxide particles are generated in
them as a result of biomineralization.

The obtained results were also confirmed in
experiments conducted with some animal or-
ganisms [Nasibova, 2019].

In the presented article, biophysical and ge-
netic parameters were studied in plants belong-
ing to the C3 and C4 types of photosynthesis
exposed to control and gamma radiation. The
regularities we found in the results obtained
by the EPR method were also observed in the
study of cytogenetic analyses.
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MATERIAL AND METHODS

The research materials in the studies were
wheat (Triticum L.), barley (Hordeum vulgare
L.) and corn (Zea mays L.) seeds from cereal
plants. Plant seeds were irradiated at different
doses in MRX -y 25 (source Co®) device.

After 10-day-old sprouts of control and irra-
diated seeds were dried at room temperature,
the paramagnetic centers formed in them were
studied by the EPR method. At the same time,
the EPR spectra of wheat and corn sprouts
grown in control and radioactively contaminat-
ed soils were investigated.

For the purpose of cytogenetic analysis, 100
irradiated seeds were placed in Petri dishes, 40
ml of distilled water was added to them, and
they were kept at room temperature for 20
hours to swell. After washing, they were germi-
nated in a thermostat at a temperature of 24-
25°C. At the next stage, seed sprouts were fixed
in Carnoy’s fixative (six parts of absolute ethyl
alcohol, three parts of chloroform and one part

i
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of acetic acid). Barley, wheat and corn sprouts
were cut to 1-1.5 mm in size and fixed.

RESULTS

When studying the effect of ionizing gam-
ma radiation on wheat and corn plants by the
EPR method, it was found that the increase in
the dose of gadium causes an increase in the
intensity of the broad EPR signal generated in
the wheat plant. No such result was obtained in
the corn plant.

While studying the effect of radioactive
pollution on wheat and corn plants, we found
that the growth and density of the 10-day-old
sprouts of the control, i.e., corn plant grown in
clean soil is significantly higher than that of the
plant grown in radioactively contaminated soil.
The results we obtained in our experiments
with wheat seeds were completely different.

Changes in the amplitudes of the recorded
EPR signals were determined depending on the
radiation dose.

Wheat
eans - ;f;-\
1 ¥l Comian HadMecd

J <

Figure 1. Growing in control and radioactively contaminated soil EPR signals of corn and wheat

seeds

It was determined that radioactive contam-
ination leads to an increase in the amplitude of
the free radical signal (g=2.0023) generated in
these plants.

The comparative analysis of the signals we
received showed that the amplitude of the EPR
signal (g=2.0023) characterizing the free radical
obtained from the plant samples grown in the
radioactive contaminated area is higher than
the amplitude of the signal obtained from the
plant samples collected from the control area.

This result can be directly used as a bioindi-
cator parameter in environmental monitoring.

_—
4

Of course, free radicals can often be used as an
indicator of the destruction of biological pro-
cesses. The next experiments were devoted to
cytogenetic analysis. Germination of control
and seeds irradiated with different doses of
gamma radiation were recorded for three days.
For further studies, 1-1.5 mm seed sprouts were
cut from the sprouts and fixed. The number of
fixed 1-1.5 mm seedlings of all three plant seeds
(barley (Hordeum vulgare L.), wheat (Triticum
L.) and corn (Zea mays L.)) is shown in table 1.
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Table 1
The number of stable roots of barley, wheat and corn
Ne | Samples | Barley (Hordeum vulgare L.) Wheat (Triticum L.) Corn (Zea mays L.)
1 Control 15 15 16
2 100 Gy 9 10 10
3 200 Gy 17 12 8
4 300 Gy 8 10 5

Then, the total number of germinated seeds in barley, wheat and corn seeds exposed to different doses of gamma
radiation for three days was recorded (Tab. 2; 3; 4).

Table 2
Ne Samples Number of The number of ger- The number of germi- Total number of ger-
seeds minated seeds with a | nated seeds with a root minated seeds
root size of 1-1.5 mm size of 0.1 - 0.8 mm
1 Control 100 15 10 25
2 100 Gy 100 17 16 33
3 200 Gy 100 10 19
4 300 Gy 100 8 6 14
Table 3
Ne | Samples Number of The number of germinat- | The number of germi- Total number of ger-
seeds ed seeds with a root size nated seeds with a root | minated seeds
of 1-1.5 mm size 0f 0.1 - 0.8 mm
1 Control 100 15 22 37
2 100 Gy 100 10 45 55
3 200 Gy 100 12 50 62
4 300 Gy 100 10 24 34
Table 4
Germination of corn seeds
(Zea mays L.)
Ne Samples Number The number of germinated The number of germi- Total number of
of seeds seeds with a root size of 1-1.5 nated seeds with a root | germinated seeds
mm size of 0.1 - 0.8 mm
1 Control 100 16 15 31
2 100 Gy 100 10 2 12
3 200 Gy 100 8 1
4 300 Gy 100 -

Diagrams of germination dynamics of control and irradiated barley (Hordeum vulgare L.), wheat (Triticum L.) and
corn (Zea mays L.) seeds were drawn (Fig. 2; 3; 4).
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Figure 2. Germination dynamics of barley seed
(Hordeum vulgare L.).
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Figure 4. Germination dynamics of corn seed
(Zea mays L.)

CONCLUSION

It is clear from Figure 3 that in C3 plants, for
example, in the studied object of barley, seeds
irradiated with gamma radiation at a dose of
100 Gy caused a significant increase in the num-
ber of germinated seeds compared to control
samples. As a result of 200 Gy and 300 Gy doses
of ionizing radiation, the number of germinated
seeds significantly decreased. In wheat objects
from C3 plants, radiation at a dose of 100 Gy
caused an increase in the germination percent-
age of wheat seeds compared to the control
samples. A dose of 200 Gy of ionizing radiation
caused further activation of germination, while
a dose of 300 Gy of radiation decreased the
percentage of seed germination. For C4 plants,
for example, in the maize study (Fig. 5), doses of
100 Gy, 200 Gy and 300 Gy caused a correspond-
ing reduction in the germination percentage of

[}
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Figure 3. Germination dynamics of wheat
seed (Triticum durum L.).

irradiated seeds compared to the control.

The next stage of research was cytogenetic
analysis. Using cytogenetic analysis, changes in
the chromosomal apparatus, especially the for-
mation of abnormalities in the number of chro-
mosomes and restructuring of the structure,
were determined.

In the first stage, the roots of control and
irradiated seeds were stained according to the
following stage: cut roots were treated with
Carnoy’s fixative, then 1% acetocarmine dye
was added. Preparation of acetocarmine: 1-2 g
of carmine was dissolved in 100 ml of 45% ace-
tic acid (45 ml of acetic acid and 55 ml of dis-
tilled water).

Figure 5. Root staining of seed samples: barley,
wheat.

Prepared samples were studied on a ZEISS
Axio Imagez A2 electron microscope (Fig. 6).
Compared to control samples, the effect of dif-
ferent doses of ionizing gamma radiation on
the mitosis process in plant roots was studied.
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Figure 6. Magnification of meristem cells under a microscope, A - barley (Hordeum vulgare), B - wheat (Trit-

icum durum), C - corn (Zea mays indentata).

Calculation of the Mitotic Period was car-
ried out in the following manner:

Mitotic | - indicates the intensity of cell di-
vision in the growth phase (cell division). The
higher the value, the more intensive the pro-
cess of cell division and vice versa. The index
can indicate the normal course of mitosis, the
inhibition of the cell division process or, on the

contrary, the increase in the mitotic activity of
tissues. Cytogenetic analysis was performed
to calculate the mitotic period of the seeds.
Cytogenetic analysis of seeds: barley (Horde-
um vulgare), wheat (Triticum durum) and corn
(Zea mays indentata) is shown in Tables 5, 6, 7,
respectively.

Table 5
Cytogenetic analysis of barley (Hordeum vulgare L.)
Cytogenetic analysis of barley (Hordeum vulgare L.),
Chromosome number, 2n=14

Ne = ) n w n =
o = = = = o —_
" 5 2 3 4 S8 | 882 | 88~ | 58 2R
) o o = U - = E w & < « 8 2 = 35
a g 9° o v ° a7 % w 9% w E @ Q E
£ S5 < o T L9 g %% T 35 T 0
] S o o0 o 9 2 £ g 20 ® c o £

3 -0 o £ 8 c 8 s 8 - P

R € =2 € 7 Ec-® EL O © = =
5 S Qo S £ S = S © -s 8 S =

[ 2 £ 2 2 2 =
1 Control 15 32 16 11 6 322 20,18%
2 100 Gy 10 39 19 13 7 266 29,32%
3 200 Gy 12 36 17 10 8 278 25,53%
4 300 Gy 10 12 6 3 1 204 10,78%

Table 6
Cytogenetic analysis of wheat (Triticum L.)
Cytogenetic analysis of wheat (Triticum L.)
Chromosome number, 2n=14

Ne - £ £3 £< % E -
° Q2 o0 n o Q2 o« n oo °3 'K
» 3 2 38 38 ) T o 8 5 X
[} 2 0 O @© o v O @ O @® o > > -
2 €O “ — O = w - B [} oxr
o = o o us [S) ° c oL
1S g ko] - @ - E = - O - g 3 © 5 O
[ Q [ T o 4 [T < s o=
") = 2 o 7 2 = 2 2 Qo c = = s
-l Ea E v Ea E o 59 s =

= 39 S £ 38 5> O =

Z 5 2 2 S 2 I

1 Control 16 29 22 14 8 431 16,93%
2 100 Gy 10 11 7 4 393 7,12%
3 200 Gy 8 5 382 4,97%
4 300 Gy 3 2 2 298 4,02%
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Table 7
Cytogenetic analysis of corn (Zea mays L.)

Cytogenetic analysis of corn (Zea mays L.)
Chromosome number, 2n=20
Ne g & 5 g
2 ca @ c < ] ©
o @ w ES w o = E = v =
Q 5 9 £ = = 0 © [} 2
(7} ) [TY) %) [TRY) w g o Qo <
9 = O @© 29 O ®© = Y “ 5 a =
= o R T & R g s S Q o5
(] Ko e} 7] o—
£ £ < ) < 5 £ =
S o o © =% 22 S S <
c 5 0 o £ S © o c
- 2 35 £ < 2 c € =
© © ] )
= S 2 "6
g = 2
1 Control 15 32 16 11 6 322 20,18%
2 100 Gy 10 39 19 13 7 266 29,32%
3 200 Gy 12 36 17 10 8 278 25,53%
4 300 Gy 10 12 6 3 1 204 10,78%
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ABSTRACT. In this study, we investigated the flora of Sarimsak Mountain, located in the Andirin
district of Kahramanmarash province in Turkey. The research area falls within square C6 of the P.H.
Davis grid system. The mountain lies along the route of the Baku-Tbilisi-Ceyhan (BTC) pipeline and
has an elevation ranging from 900 to 1,580 meters.

The climate is Mediterranean, but altitude influences precipitation patterns and types. Red-brown
forest soils are the main soil type.

Our research material consists of plant samples collected between 2010 and 2014 from the study
area. Based on our results, we identified taxa from 58 plant families and 238 genera. Of these, 48
species (11.92%) are endemic to the area. The distribution of plant taxa across phytogeographic
regions shows that 77% (18.73%) are Mediterranean elements, 70% (17.03%) are Iran-Turan, 15%
(3.65%) are Europea-Siberian, 60% are widespread, and 18% (4.59%) are multi-regional.

The major family of plants by genus is Asteraceae Giseke, which has 31 different genera. The most
common genera are Geranium, Cetearuea, and Allium, each with 7 different species. The results of

this study are consistent with previous studies conducted in nearby areas.

Keywords: Flora, Sarimsak Mountain, Plant Diversity, Kahramanmarash, Turkiye

INTRODUCTION

Plant diversity is a vast and diverse field of
study throughout the world. Floristic research
is conducted globally, and scientists discover
new taxa on a daily basis. Turkey is a country
located at the crossroads of Asia and Europe,
and its plant diversity reflects this geographical
location.

The climate in Turkey is also highly varied,
making it an ideal location for plant diversity.
According to Avci (2005), approximately 12,000
plant species have been described in Turkey,
and about 31% of them are endemic to the
country. This makes Turkey a valuable resource
for scientists and conservationists studying
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plant diversity.

The research area is located in the east-
ern Mediterranean region and northwest of
the province of Kahramanmarash (Fig. 1). The
mountain lies on the eastern side of the center
of the district of Andirin. It has an altitude of ap-
proximately 900 meters and rises to 1,550 me-
ters. The main body of the mountain is divided
into four sections by shallow valleys formed by
streams. The dominant climate type is the Med-
iterranean type [Akman, 1990], and the domi-
nant soil type is Red-Brown Mediterranean for-
est [Atalay, 1989].

The west and east sides of the mountain
exhibit very different characteristics in terms
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of flora and vegetation. On the west side, there
is a step-machine formation up to 1,250 me-
ters, and at the upper part of this area, a sub-
alpine-like formation can be observed. The east
side has more condensed macchia vegetation
up to 1,350 meters and a steppe up to 1,450
meters. Both sides share the same soil type,
and tree formations are similar.

The Baku-Tbilisi-Ceyhan (BTC) pipeline pass-
es through the area from north to south, near
the entrance altitude [Ozhatay, 2006]. The area
is laterally corrupted along the entire length of
the pipeline.

MATERIAL AND METHODS

The material of our research is plant sam-
ples collected seasonally and at different al-
titudes from areas between 2011 and 2014.
Prior to field studies, four collection sites were
identified based on climatic, soil, and altitude
criteria. Samples were dried using appropriate
methods and prepared for identification. Sen-
sitive and delicate species such as orchids and

discolored flowers were treated specially and
preserved using paper towels. After prepara-
tion, the samples were classified first by family,
then by genus, and finally by species, and lower
categories. During the identification process, P.
H. Davis’s Flora of Turkey and the East Aegean
Islands were used as the primary reference ma-
terials. During determination, Al-Sehbaz et al.
(2007), Atay et al. (2009), Boisser (1867-1888),
llcim (2013), licim et al. 2008, Ozhatay et al.,
209 were also referred to. For the identifica-
tion of nearly described taxa, such as Stachys
marascus (llcim, et al.), publications were also
consulted. In case of any problems with the de-
scription, nearby flora such as the flora of Syria
or Europe are also studied. After the descrip-
tion, the samples are converted into herbari-
um material at KSUH (Kahramanmarash Sutchu
imam University Herbarium), and labelled by
the author. Synonyms and cultivated samples
are not taken into account during the categori-
zation and description process.

oM N Y ETS v.f» ]
}.’? e. =

Figure 1. Location of the research area

RESULTS AND DISCUSSION

410 taxa were described from Sarimsak
Mountain, which belongs to 58 families and 238
genera. Of these taxa, 48 are endemic, account-
ing for 11.92%. The flora of the area exhibits
a balanced diversity between Mediterranean
and Iran-Turan elements. The distribution of

taxa by phytogeographic regions is as follows:
77 (18.73%) of Mediterranean elements, 70
(17.03%) of Iran-Turan elements, 15 (3.65%)
of European-Siberian elements, 60 (14.60%)
of widespread, and 189 (45.98%) are multi-re-
gional. (Tab. 1) The major family in terms of
genera is Asteraceae Giseke, with 31 genera.
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(Tab. 2) Major genera in terms of species are
Geranium L., Centaurea L., and Allium L., with 7
species each. (Tab. 3) Three of the endemic spe-
cie-Cyclamen pseudibericum Hildebr., Erodium
absinthoides Willd., subsp. haradjianii (Davis),
and Verbascum germanicae Haussk. - are listed
as EN (Endangered), while eight other endemic

species are listed as VU (Vulnerable). A total of
108 species are classified as threatened. [Ekim
et al., 2000]. In 2000, the floristic records for
various areas were compiled and are present-
ed in Appendix A. The list includes information
such as the collection date, altitude, location,
and herbarium code.

Table 1.
Distribution of taxa to phytogeographic regions
Phytogeographic region Number of Taxa Percentage (%)
Mediterranean 77 18,73
Iran — Turan 70 17,03
Europea-Siberia 15 3,65
Widespread 60 14,60
Multiregional 189 45,98
Table 2.
Major families by genera
Family Genus Species
Asteraceae Giseke 31 56
Brassicaceae Burnett. 25 32
Fabaceae Juss. 19 45
Apiaceae LindlI. 15 21
Lamiaceae Martinov 14 29
Poaceae Barnhart Barnhart 14 20
Table 3.
Major genera by species
Family Genus Species
Geraniaceae Juss. Geranium 7
Asteraceae Giseke Centaurea 7
Liliaceae Juss. Allium 7
Fabaceae Juss. Vicia 6
Asteraceae Giseke Anthemis 6
Table 4.
Comparision of number of endemic taxa and endemism rates with prior researchs
Phytogeographic region Number of Endemic taxa Rate of Endemism (%)
Sarimsak Mountain 48 11,92
Tiril Mountain 61 12,08
Kayranlh Mountain 90 14,40
Berit Mountain 200 17,60
(vildiz, 2001)
Baskonus Mountain 55 10,42
Varol, 1997)
Dibek Mountains 78 11,70
(Karakisa, 1997)
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Table 5.
Comparision of family, genera and species number with prior researchs
Phytogeographic region Family Genus Species
Sarimsak Mountain 58 238 410
Tirll Mountain 61 285 505
Kayranli Mountain 73 344 625
Berit Mountain 97 462 1165
(Yildiz, 2001)
Baskonus Mountain 67 268 528
Varol, 1997)
Dibek Mountains 90 357 665
(Karakisa, 1997)
Table 6.

Comparision of distribution to phytogeographical regions with prior researchs

Phytogeographic region

Mediterranean Elements

Iran-Turan Elements Europea-Siberia Elements

Sarimsak Mountain

77 (18,73[u3]%)

70 (17,03%) 15 (3,65%)

(vildiz, 2001)

Tiril Mountain 99 (19,60%) 87 (17,23%) 30 (5,94%)
Kayranh Mountain 107 (17,12%) 121 (19,36%) 28 (4,48%)
Berit Mountain 170 (15,0%) 320 (28,20%) 63 (5,60%)

Baskonus Mountain
Varol, 1997)

145 (27,46%)

76 (14,39%) 23 (4,36%)

Dibek Mountains

162 (24,5%)

(Karakisa, 1997)

91 (13,81%) 40 (6,05%)

CONCLUSION

The results of the research are similar to
those of previous studies conducted in nearby
locations. However, there are some differenc-
es that can be attributed to the intersectional
characteristics of the area (Tab. 4, 5, and 6). Ma-
jor plant groups are consistent with Mediterra-
nean Region specifications, including macchies
and species that prefer semi-wet conditions.
The presence of Pinus brutia Ten, Juniperus

spp., and Quercus spp. also indicates the Medi-
terranean region. However, due to altitude and
intersectional climatic conditions, Europea-Si-
berian species are able to grow in the area as
well.

The settlement area, located on the out-
skirts of the southern end of the mountain, and
its proximity to the district, have caused a slight
deterioration of the flora in the entrance areas
of the mountain (Tab. 2). Other threats to plant

Figurere 2. Settlement areas near the enterance of the mountain
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life in the area include changing climate condi- GRATITUDE

tions and human activities, such as excessive This study was supported by Kahraman-
grazing. Because of these factors, the flora may  marash Sutchu Imam University Scientific Re-
need to be revaluated in the future. The high-  search Projects Support unit.

land culture of Turkish lifestyle may also affect

the area in the future [Toroglu & Giirbiiz, 2008].
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APPENDIX A. FLORISTIC LIST OF THE RESEARCH AREAI.

Polypodiaceae J.Presl & C.Presl

1. Polypodium vulgare L. subsp. prionodes Rothmaler, 19/05/2011, 1000-1100 m, rocky slopes, UY-
GUN-1601

. Pinaceae Spreng. ex Rudolphi

. Cedrus libani A.Rich., 09/04/2011, 1400-1500 m, below top, UYGUN-1602

. Pinus nigra Arn. subsp. pallasiana (Lamb.) Holmboe, 21/04/2012,1400-1500 m, below the top with C.
libani groups, UYGUN-1603

4. P.brutia Ten., 21/04/2012, 1000-1100 m, Medit. Element, mixed forest, UYGUN-1604

5. P. pine L., 21/04/2012, 1000-1100 m, environs of villages, UYGUN-1605

3. Cupressaceae Gray

6. Juniperus drupacea Lab., 19/05/2011, 900-1000 m, steppes, UYGUN-1606

7.J). oxycedrus L. subsp. oxycedrus, 06/05/2012, 1000-1100 m, macchie field, UYGUN-1607

8

9

4

W NN

. J. foetidissima Willd., 04/06/2011, 1000-1100 m, macchie field, UYGUN-1608
. J. excelsa Bieb., 04/06/2011, 1000-1100 m, Widespread, macchie field, UYYGUN-1609
. Ranunculaceae Juss.
10. Delphinium peregrinum L., 04/06/2011, , 1200-1300 m, east side basin, UYGUN-1610
11. Anemone blanda Schott&Kotschy, 09/04/2011, 1100-1200 m, dried stream, UYGUN-1611
12. A. coronaria L., 09/04/2011, 900-1000 m, Medit. Element, field side, UYGUN-1612
13. Adonis flammea Jacq., 14/05/2011, 900-1000 m, Widespread, field side, UYGUN-1613
14. Ranunculus constantinopolitanus (DC.) d’Urv., 04/06/2011, 900-1000 m, stream side, UYGUN-1614
15. R. arvensis L., 21/04/2012, 900-1000 m, Widespread, stream side, UYGUN-1119
16. R. ficaria L. subsp. ficariiformis Rouy.&Fouc., 21/04/2012, 1300-1400 m, steppess over the peak, UY-
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GUN-1615

17. R. ficaria L. subsp. calthifolius (Reichb.) Arc., 21/04/2012, 1300-1400 m, steppess over the peak, UY-
GUN-1616

18. Ceratocephalus falcatus (L.) Pers., 16/04/2011, 1000-1100 m, near of forestery depot, UYGUN-1617

19. Thalictrum minus L. var. microphyllum Boiss., 23/05/2013, 1100-1200 m, near the settlements, UY-
GUN-1618

5. Paeoniaceae Raf.

20. Paeonia mascula (L.) Miller subsp. mascula, 08/05/2011, 1200-1300 m, steppess, UYGUN-1620

6. Papaveraceae Juss.

21. Glaucium leiocarpum Boiss., 04/06/2011, 1100-1200 m, Widespread, near the forestery depot, UY-
GUN-1619

22. Roemeria hybrida (L.) DC subsp. hybrida, 04/06/2011, 1300-1400 m, Widespread, steppess, UY-
GUN-1620

23. Papaver rhoeas L, 21/04/2012, 1000-1100 m, widespread, macchie field, UYGUN-1621

24. P. syriacum Boiss.&Balanche, 21/04/2012, 1000-1100 m, steppess, UYGUN-1622

25. Hypecoum imberbe Sibth.&Sm, 14/04/2012, 1100-1200 m, widepread, macchie field, UYYGUN-1623

26. Corydalis solida (L.) Swartz. subsp. tauricola Cullen&Davis, 19/05/2011, 1200-1300 m, endemic, medit.
element., east side basin, UYGUN-1624

27. Fumaria parviflora Lam, 21/04/2012, 1000-1100 m, steppess, UYGUN-1625

7. Brassicaceae Burnett. Burnett

28. Sinapis arvensis L., 09/04/2011, 900-1000 m, widespread, road and field sides, UYGUN-1627

29. Raphanus raphanistrum L., 17/04/2011, 900-1000 m, road and field sides, UYGUN-1628

30. Crambe orientalis L. var. orientalis, 19/05/2011, 1100-1200 m, widespread, Ir-Tur. element, macchie
field, UYGUN-1629

31. Conringia orientalis (L.) Andrz., 19/03/2011, 1200-1300 m, macchie field, UYGUN-1667

32. Lepidium spinosum Ard., 17/04/2011, 1100-1200 m, dried stream side on southeast downwards, UY-
GUN-1630

33. Cardaria draba (L.) Desv. subsp. draba, 14/05/2011, 1300-1400 m, widespread, rocky slopes, UY-
GUN-1631

34, |satis candolleana Boiss., 14/05/2011, 1200-1300 m, endemic, ir-tur. element, near of church ruins,
UYGUN-1632

35. Iberis sempervirens L., 06/05/2012, 1300-1400 m, medit. element, rocky places between the church
ruin and fountain, UYGUN-1633

36. Aethionema heterocarpum J. Gay, 08/05/2011, 1100-1200 m, macchie field, UYGUN-1634

37. A. eunomioides (Boiss.) Bornm., 16/06/2012, 1200-1300 m, endemic, steppess, UYGUN-1635

38. Thlaspi perfoliatum L., 19/05/2011, 1300-1400 m, widespread, steppess, UYGUN-1636

39. T. oxyceras (Boiss.) Hedge, 19/05/2011, 1200-1300 m, east side basin, UYGUN-1637

40. Capsella bursa-pastoris (L.) Medik., 06/05/2012, 900-1000 m, cosmopolit, widespread, UYGUN-1638

41. Boreava orientalis Jaub.&Spach., 16/06/2012, 1300-1400 m, widespread, rocky places, UYGUN-1639

42. Peltaria angustifolia DC. 21/04/2012, 1100-1200 m, macchie fields, UYGUN-1640

43. Fibigia eriocarpa (DC) Boiss., 07/04/2011, 1000-1100 m, widespread, steppess, UYGUN-1650

44, Alyssum alyssoides (L.) L., 05/03/2011, 1000-1100 m, field sides, UYGUN-1651

45. A. desortum Stapf. var. desortum , 14/05/2011, 1000-1100 m, widespread, near macchie field, UY-
GUN-1652

46. A. strictum Willd., 21/04/2012, 1400-1500 m., Ir-Tur. Element, steppess near the top, UYGUN-1653

47. A. samariferum Boiss.&Hausskn., 10/07/2011, 1200-1300 m, east side basin steppess, UYGUN-1654

48. Draba bruniifolia Stev. subsp. bruniifolia, 19/05/2011, 1400-1500 m, steppess near the top, UY-
GUN-1655

49. Erophila verna (L.) Chevall subsp. verna, 19/03/2011, 1100-1200 m, widespread, macchie field, UY-
GUN-1656

50. Arabis caucasica Willd. subsp. caucasica, 09/04/2011, 1200-1300 m, widespread, dried stream on
southeast downward, UYGUN-1657

51. A. nova Vill., 16/04/2011, 1100-1200 m, border of macchie field, UYYGUN-1658
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52. Nasturtium officinale R.Br., 19/03/2011, 900-1000 m, widespread, water side,UYGUN-1659

53. Chorispora syriaca Boiss., 09/04/2011, 1200-1300 m, rocky places, UYGUN-1660

54. Hesperis matronalis L. subsp. matronalis, 16/06/2012, 1200-1300 m, east side rocky slopes, UY-
GUN-1661

55. Erysimum alpestre Kotschy ex Boiss., 14/05/2011, 1400-1500 m, endemic, ir-tur. element, steppess
near the top, UYGUN-1662

56. Sisymbrium officinale (L.) Scop, 07/04/2012, 1100-1200 m, macchie field, UYGUN-1663

57.S. septulatum DC., 25/06/2011, 1100-1200 m, macchie field, UYGUN-1664

58. Arabidopsis thaliana (L.) Heynhold, 19/03/2011, 900-1000 m, macchie field, UYGUN-1666

8. Capparaceae Juss.

59. Capparis spinosa L. var. spinosa, 26/08/2012, 900-1000 m, settlements, UYGUN-1668

9. Violaceae Batsch

60. Viola suavis Bieb., 05/03/2011, 1100-1200 m, South slopes bottom of the rocky places, UYGUN-1669

61. V. occulta Lehm., 21/04/2013, 1000-1100 m, steppess, UYGUN-1670

10. Portulacaceae Juss.

62. Portulaca oleraceae Gris. ex Fenzl., 14/05/2011, 900-1000 m, water side, UYGUN-1671

11. Caryophyllaceae Juss.

63. Arenaria sabulinea Gris. ex Fenzl, 14/05/2011, 1100-1200 m, endemic, ir-tur elementi, macchie field,
UYGUN-1672

64. A. acerosa Boiss., 16/06/2012, 1200-1300 m, endemic, east side basin, UYGUN-1673

65. Minuartia picta (Sibth.&Sm) Bornm., 05/03/2011, 1000-1100 m, border of macchie field, around spike
fence, UYGUN-1674

66. M. globulosa (Lab.) Schinz&Thell, 09/06/2012, 1200-1300 m, E.Medit. element, edge of dried stream,
UYGUN1675

67. M. montana L., 04/06/2011, 1000-1100 m, ir-tur elementi, macchie field, UYGUN-1676

68. Lepyrodiclis holosteoides (C.A. Meyer) Fenzl ex Fisch., 14/05/2011, 1000-1100 m, around forestery
depot, macchie field, UYGUN-1677

69. Cerastium kotschyi Boiss., 14/05/2011, 1300-1400 m, rocky places, UYGUN-1678

70. Holosteum umbellatum L. var. umbellatum, 16/06/2012, 1300-1400 m, rocky places, UYGUN-1679

71. Moenchia graeca Boiss.&Heldr., 14/05/2011, 1000-1100 m, macchie field, UYGUN-1680

72. Sagina procumbens L., 10/07/2011, 1400-1500 m, steppess over the top, UYGUN-1681

73. Telephium imperati L. subsp. orientale (Boiss.) Nyman, 16/06/2012, 1200-1300 m, edge of the water
rift, UYGUN-1682

74. Dianthus strictus Banks&Sol. var. strictus, 10/07/2011, 1400-1500 m, steppess over the top, UY-
GUN-1683

75. D. floribundus Boiss., 04/06/2011, 1100-1200 m, ir-tur. element, rocky places,UYGUN-1684

76. D. orientalis Adams., 10/07/2011, 1200-1300 m, east side rocky slopes, UYGUN-1685

77. D. zonatus Fenzl. var. zonatus, 14/05/2011, 1000-1100 m, macchie field, UYGUN-1686

78. Velezia rigida L., 14/05/2011, 1000-1100 m, steppes, UYGUN-1687

79. Saponaria glutinosa Bieb., 05/03/2011, 900-1000 m, steppes, UYGUN-1688

80. Sa. tridentata Boiss., 16/04/2011, 1000-1100 m, ir-tur. elementi, macchie field, UYGUN-1690

81. Vaccaria pyramidata Medik. var. pyramidata, 21/04/2012, 900-1000 m, road sides, UYGUN-1691

82. Silene vulgaris (Moench) Gracke, 04/06/2011, 1000-1100 m, macchie field, UYGUN-1692

83.S. conoidea L., 14/05/2011, 1200-1300 m, rocky places, UYGUN-1693

84.S. aegyptica (L.) L. subsp. aegyptica, 30/04/2011, 1000-1100 m, border of macchie field, UYGUN-1694

85. Agrostemma githago L., 09/04/2011, 1000-1100 m, around the settlement, UYGUN-1695

12. lllecebraceae R.Br.

86. Scleranthus annuus L. subsp. annuus, 16/06/2012, 1200-1300 m, widespread, near the church ruin,
UYGUN-1696

13. Polygonaceae Juss.

87. Rumex acetosella L., 16/06/2012, 1200-1300 m, cozmopolit, all over the area UYGUN-1697

88. R. tuberosus L. subsp. tuberosus, 19/05/2011, 1200-1300 m, east side basin, UYGUN-1698

14. Hypericaceae Juss.
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89. Hypericum spectabile Jaub.&Spach, 04/06/2011, 1200-1300 m, endemic, ir-tur element, central peak,
rocky places, UYGUN-1699

90. H. hyssopifolium Chaix. var. elongatum, 23/05/2013, 1300-1400 m, ir-tur element, rocky places, UY-
GUN-1700

91. H. scabrum L., 04/06/2011, 1200-1300 m, ir-tur. element, rocky places, UYGUN-1701

15. Malvaceae Juss.

92. Malva neglecta Wallr., 16/06/2012, 900-1000 m, steppess, UYGUN-1702

93. Alcea apterocarpa (Fenzll.) Boiss., 04/06/2011, 1000-1100 m, endemic, ir-tur element, road sides,
UYGUN-1703

94. A. pallida Waldst&Kitt., 04/06/2011, 1000-1100 m, road sides, UYGUN-1704

16. Tiliaceae Juss.

95. Tilia argentea Desf. ex DC., 16/06/2012, 1100-1200 m, Euro-sib element, around the South rift, mac-
chie field, UYGUN-2018

17. Geraniaceae Juss.

96. Geranium glaberrimum Boiss.&Heldr., 14/05/2011, 1100-1200 m, endemic, e.medit element,over the
rocks, UYGUN-1706

97. G. lucidum L., 14/05/2011, 1100-1200 m, rocky places, UYGUN-1707

98. G. columbinum 14/05/2011, 900-1000 m, steppess, bottom of the rocky places, UYGUN-1708

99. G. tuberosum L. subsp. tuberosum, 19/03/2011, 900-1000 m, steppes, UYGUN-1709

100. G. libanoticum Schenk, 14/05/2011, 1000-1100 m, steppes, UYGUN-1710

101. G. asphodeloides Burnm., subsp. asphodeloides, 08/05/2011, 1100-1200 m, macchie field, UY-
GUN-1711

102. G. pyrenaicum Burnm., 16/04/2011, 1300-1400 m, rocky places, UYGUN-1712

103. Erodium cicutarium (L.) L'Herit subsp. cicutarium, 09/04/2011, 900-1000 m, steppes, UYGUN-1713

19. Oxalidaceae R.Br.

104. Oxalis corniculata L., 16/04/2011, 900-1000 m, wet places near entry point, UYYGUN-2001

20. Rhamnaceae Juss.

105. Paliurus spina-christi Miller, 14/05/2011, 1000-1100 m, macchie field, UYGUN-1715

21. Fabaceae Juss.

106. Sophora alopecuroides var. alopecuroides, 09/04/2011, 1000-1100 m, road sides, UYGUN-1716

107. Genista albida Willd., 08/05/2011, 1000-1100 m, macchie field, UYYGUN-1717

108. Colutea cilicica Boiss.&Bal., 21/04/2012, 1400-1500 m, widespread, rocky places near the top, UY-
GUN-1718

109. Astragalus angustiflorus C.Koch. subsp. amanus (Boiss.) Chamberlain, 04/06/2011, 1000-1100 m,
endemic, e.medit element, steppes, UYGUN-1719

110. A. schizopterus Boiss., 09/04/2011, 1000-1100 m, endemic, steppes, UYGUN-1720

111. A. macrocephalus Willd. subsp. finitimus, 16/06/2012, 1200-1300 m, Ir.-Tur. Element, around the rift
on downwards, UYGUN-1721

112. A. elongatus Willd. subsp. elongatus, 10/07/2011, 1200-1300 m, east side rocky places, UYGUN-1722

113. A. angustifolius Lam. subsp. angustifolius var. angustifolius, 16/06/2012, 1100-1200 m., stony places
around first rift on North side, UYGUN-1723

114. Glychyrrhiza glabra var. glabra, 16/06/2012, 1200-1300 m, east side basin, UYGUN-1724

115. Psoralea bituminosa L., 07/04/2012, 1100-1200 m, Medit. element, macchie field, UYGUN-1725

116. Vicia cassia Boiss., 12/05/2013, 1300-1400 m, E.Medit element, rocky places over thecenter peak,
UYGUN-1726

117. V. cypria Kotschy ex Unger&Kotschy, 10/07/2011, 1000-1100 m, steppe fields, UYGUN-1727

118. V. hirsuta (L.) S.F.Gray, 19/05/2011, 1300-1400 m, east side wood openning over the cliffs, UY-
GUN-1728

119. V. hybrida L., 04/06/2011, 1100-1200 m, widespread, roadside on downwards, UYGUN-1729

120. V. sativa L. subsp. incisa Bieb. var. cordata (Vulfen ex Hoppe) Arc., 09/04/2011, 1000-1100 m, macchie
field, UYGUN-1730

121. V. galilea Plitm.&Zoh., 14/05/2011, 1000-1100 m, macchie field near entry point, UYGUN-1731

122. Lathyrus variabilis (Boiss.&Ky.) Maly, 16/04/2011, 1100-1200 m, E.Medit Element, macchie field,
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UYGUN-1732

123. Lathyrus inconspicuss L., 14/05/2011, 1300-1400 m, widespread, near the church ruin, UYGUN-1733

124. L. laxiflorus (Desf.) O. Kuntze subsp. angustifolius (Post. ex Dinsm.) Davis, 16/06/2012, 1000-1100 m,
Endemic, E.Medit. Element, steppe fields, UYYGUN-1734

125. L. boissieri Sirj., 16/06/2012, 1300-1400 m, near the mountain fountain, UYGUN-1735

126. L. brachypterus Cel. var. brachypterus, 08/05/2011, 1200-1300 m, Endemic, ENDEMIK, Ir-Tur. Ele-
ment, near the church ruin, UYGUN-1736

127. Pisum sativum L. var. brevipedunculatum Davis&Miekle, 04/06/2011, 1000-1100 m, steppe fields,
UYGUN-1737

128. Trifolium repens L. var. repens, 21/04/2012, 1200-1300 m, macchie field, UYGUN-1738

129. T. speciosum Willd. 04/06/2011, 1300-1400 m, rocky places, UYGUN-1739

130. T. nigrescens Viv. subsp. petrosavii (Clem.) Holmboe, 25/06/2011, 1200-1300 m, widespread, rocky
fields, UYGUN-1740

131. T. purpureum Lois var. purpureum, 04/06/2011, 1000-1100 m, road sides, UYGUN-1741

132. T. stellatum L. var. stellatum, 14/05/2011, 1000-1100 m, steppe field, UYYGUN-1742

133. Melilotus officinalis (L.) Desr., 04/06/2011, 1200-1300 m, downwards on southern rift, UYGUN-1743

134. Trigonella plicata (Boiss.&Ball.) Boiss., 19/05/2011, 1200-1300 m, endemic, E.Medit. Elementi, open-
ings of forest, UYGUN-1744

135. T. kotschyi Fenzl., 08/05/2011, 1200-1300 m, endemic, Ir-Tur. Element, rocky slopes of the southern
rift, UYGUN-1745

136. T. spicata Sibth.&Sm., 08/05/2011, 1200-1300m, Medit. Tlement, macchie field, UYGUN-1746

137. Medicago radiata L., 29/03/2011, 1100-1200 m, Ir-Tur. Element, steppe field, UYGUN-1747

138. M. sativa L. subsp. sativa, 09/04/2011, 900-1000 m, widespread, UYGUN-1748

139. M. falcata L., 16/06/2012, 1200-1300 m, around middle rift, UYGUN-1748

140. M. turbinata (L.) All. var. chiotica, 09/04/2011, 1200-1300 m, southern downward above mini peaks,
UYGUN-1749

141. Lotus corniculatus L. var. corniculatus, 16/06/2012, 100-1200 m, widespread, above the settlements,
UYGUN-1750

142. Hymenocarpus circinnatus (L.) Savi, 09/04/2011, 1200-1300 m, Medit. Element, macchie field around
the middle rift, UYGUN-1751

143. Coronilla grandiflora Boiss. 04/06/2011, 1100-1200 m, endemic, E.Medit. element, rocky places,
UYGUN-1752

144. C. varia L. subsp. libanotica, 04/06/2011, 1200-1300 m, rocky places, UYGUN-1753

145. Hammatolobium lotoides Fenzl., 16/04/2011, 1200-1300 m, E.Medit. element, steppe field near
southern down road, UYGUN-1754

146. Hedysarum varium Willd., 04/06/2011, 1400-1500 m, Ir-Tur. Element, rocky places around the top,
UYGUN-1755

147. H. syriacum Boiss., 19/05/2011, 1100-1200 m, Ir-Tur. Element, macchie field, UYGUN-1756

148. Onobrychis cornuta (L.) Desv., 19/05/2011, 1100-1200 m, Ir-Tur. Element, macchie field, UYYGUN-1757

149. O. gracilis Besser, 04/06/2011, 1000-1100 m., macchie field, UYGUN-1758

150. O. sulphurea Boiss&Bal. var. pallida (Boiss.&Ky) Hedge, 14/05/2011, 1400-1500 m, endemic, E.MEdit.
Element, rocky places around middle rift, UYYGUN-1759

23. Rosaceae Juss.

151. Cerasus mahaleb (L.) Miller, 08/05/2011, 1200-1300 m, macchie field over the southern enterance,
UYGUN-1761

152. Rubus canescens DC. var. canescens, 13/05/2012, 1200-1300 m, widespread, macchie field, UY-
GUN-1762

153. Potentilla recta L. Grup B, 08/05/2011, 1000-1100 m, steppe field, UYGUN-1763

154. P. incliniataVill., 16/06/2012, 1300-1400 m, rocky places, UYGUN-1764

155. P. meyeri Boiss., 18/06/2011, 1200-1300 m, Ir.-Tur. Element, rocky places, UYGUN-1765

156. Fragaria vesca L., 19/03/2011, 1200-1300 m, stony and rocky places around southern rift, UY-
GUN-1766

157. F. viridis L., 19/03/2011, 1100-1200 m, macchie field above forestery depot, UYGUN-1767
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158. Geum urbanum L., 08/05/2011, 1300-1400 m, hillside over water fountain, UYGUN-1768

159. Rosa canina L., 08/05/2011, 1100-1200 m, around the southern rift, UYGUN-1769

160. Aphanes arvensis L., 16/09/2011, 1100-1200 m, steppe field around down road, UYGUN-1770

24. Cucurbitaceae Juss.

161. Ecballium elaterium (L.) A.Rich., 04/06/2011, 900-1000 m, road sides, UYGUN-1771

25. Crassulaceae J.St.-Hil.

162. Rosularia serpentinica (Werderman) Muirhead, 10/07/2011, 1300-1400 m, Endemic, E.Medit Ele-
ment, Rocky slopes on east side, UYGUN-1772

163. Sedum acre L., 16/06/2012, 1300-1400 m, stony and rocky places, UYGUN-1773

164. S. hispanicum L. var. hispanicum, 19/05/2011, 1200-1300 m, rocky places, UYGUN-1774

165. S. cepaea L., 25/06/2011, 1200-1300 m, rocky places around the southern rift, UYGUN-1775

26. Saxifragaceae Juss.

166. Saxifraga kotschyi Boiss., 04/06/2011, 1400-1500 m, rocky slopes arounf the top, UYGUN-1776

27. Apiaceae Lindl.

167. Eryngium falcatum Delar., 26/08/2013, 1000-1100 m, road sides, UYGUN-1777

168. E. glomeratum Lam., 26/08/2013, 1000-1100 m, road sides, UYGUN-1778

169. Lagoecia cuminoides L., 05/03/2011, 1000-1100 m, wet shadows of rocky slopes, UYGUN-1779

170. Echinophora tenuifolia L., 17/08/2013, 1100-1200 m, macchie field, UYGUN-1780

171. Scandix stellata Banks&Sol., 16/06/2012, 1000-1100 m, widespread, steppe field, UYYGUN-1781

172.S. pecten-veneris L. 16/04/2011, 1000-1100 m, widespread, steppe field, UYGUN-1782

173. Coriandrum sativum L., 14/05/2011, 1300-1400 m, rocky places, UYGUN-1783

174. Bunium paucifolium DC. var. junceum (Boiss.) Hedge&Lamond, 10/07/2011, 1000-1100 m, macchie
field, UYGUN-1784

175. B. brachyactis (Post.) Wolf, 10/07/2012, 1400-1500 m, endemic, rocky places around the top, UY-
GUN-1785

176. Pimpinella corymbosa Boiss., 04/06/2011, 1200-1300 m., Ir-Tur. Element, down road around the little
cave, UYGUN-1786

177. Lecokia cretica (Lam.) DC, 14/05/2011, 1300-1400 m, rocky places over the fountain, UYGUN-1787

178. Bupleurum falcatum L. subsp. persicum (Boiss.) Koso-Pol, 10/07/2011, 1200-1300 m, rocky slopes
around the southern rift, UYGUN-1788

179. Ammi visnaga (L.) Lam., 19/05/2011, 1100-1300 m, Medit Element, macchie field, UYYGUN-1789

180. Ferulago cassia Boiss., 10/07/2012, 1300-1400 m, Medit Element, rocky places around the northern
rift, UYGUN-1790

181. Heracleum persicum Desf., 10/07/2011, 1200-1300 m, Ir-Tur. Element, macchie field oppenings, UY-
GUN-1791

182. H. humile Sm., 10/07/2011, 1400-1500 m, E.MEdit. Element, steppes over the top, UYGUN-1792

183. Zosima absinthifolia (Vent.) Link, 09/04/2011, 1300-1400 m, Rocky slopes on east side, UYGUN-1793

184. Tordylium syriacum L., 08/05/2011, 1000-1100 m, steppe field around the forestery depot, UY-
GUN-1794

185. Torillis arvensis (Huds.) Link. subsp. neglecta (Sprengel) Thellung, 16/06/2012, 1100-1200 m, steppe —
macchie border, UYGUN-1795

186. T. arvensis (Huds.) Link. subsp. elongata (Hoffmans&Link) Cannon, 19/07/2012, 1000-1100 m, mac-
chie field, UYGUN-1796

187. T. leptophylla (L.) Reichb., 19/05/2011, 1300-1400 m, atony places, UYGUN-1797

28. Cornaceae Bercht. ex J.Presl

188. Cornus mas L., 17/04/2011, 1200-1300 m, Euro-Sib. Element, macchie field, UYGUN-1798

29. Caprifoliaceae Juss.

189. Sambucus ebulus L., 19/07/2012, 1300-1400 m, Euro-Sib. Element, around the water spring, UY-
GUN-2014

30. Valerianaceae Batsch

190. Valeriana alliariifolia Adams, 16/06/2012, 1300-1400 m, widespread, rocky places over east side,
UYGUN-1800

191. V. sisymbriifolia Vahl., 04/06/2011, 1300-1400 m, Ir-Tur. element, rocky places, UYGUN-1799
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192. V. dioscoridis Sm., 29/03/2011, 1200-1300 m, E. Medit. Element, rocky places in macchie field on the
left top of the northern rift, UYGUN-1800

31. Dipsacaceae Juss.

193. Cephalaria setosa Boiss.&Hohen, 16/06/2012, 1100-1200 m, Ir-Tur. Element, rocky places, UY-
GUN-1801

194. C. syriaca (L.) Schareder, 23/06/2012, 1200-1300 m, macchie field, UYGUN-1802

195. Knautia integrifolia L. var. integrifolia, 21/04/2013, 1300-1400 m., Medit. Element, rocky places on
east side, UYGUN-1803

196. Scabiosa micrantha Desf., 16/06/2012, 1200-1300 m, rockyplaces in macchie field, UYYGUN-1804

197.S. calocephala Boiss., 04/06/2011, 900-1000 m, Ir.-Tur. Element, steppe field, UYGUN-1805

32. Asteraceae Giseke

198. Xanthium spinosum L., 18/08/2013, 1000-1100 m, road sides, UYGUN-1806

199. X. strumarium L. subsp. strumarium, 10/07/2011, 1000-1100 m, around the settlements, UY-
GUN-1807

200. Helichrysum chionophilum Boiss.&Bal, 16/06/2012, 1300-1400 m, Endemic, rocky sopes on east side,
UYGUN-1808

201. H. plicatum DC. subsp. plicatum, 19/07/2012, 1400-1500 m, wides spread, steppes over tho top,
UYGUN-1809

202. H. arenarium (L.) Moench. subsp. aucheri (Boiss.) Davis&Kupicha, 19/05/2011, 1400-1500 m, Endem-
ic, Ir-Tur. Element, steppes over the top, UYGUN-1810

203. Bellis perennis L., 05/03/2011, 900-1000 m, Euro-Sib. Element, steppes, UYGUN-1811

204. Doronicum orientale Hoffm., 23/05/2012, 1400-1500 m, Cedrus opennings, UYGUN-1812

205. Senecio mollis Willd., 19/07/2012, 1100-1200 m, Ir-Tur. element, around the settlements, UY-
GUN-1813

206. S. pseudo-orientalis Schischkin, 18/06/2011, 1300-1400 m, Ir-Tur. Elementi, Forward from the foun-
tain through to the rock shades, UYGUN-1814

207. Anthemis cretica L. subsp. pontica (Willd.) Grierson, 08/05/2011, 1200-1300 m, macchie fields, UY-
GUN-1818

208. A. cretica L. subsp. cassia (Boiss.) Grierson, 16/06/2012, 1100-1200 m, steppes around the northern
rift, UYGUN-1819

209. A. fumariifolia Boiss., 25/06/2011, 1200-1300 m, Ir-Tur. element, around the church ruins, UY-
GUN-1820

210. A. tinctoria L. var. pallida DC, 04/06/2011, 1200-1300 m, steppes on downroad, UYGUN-1815

211. A. hyalina DC., 04/06/2011, 1000-1100 m, steppes, UYGUN-1816

212. A. cotula L., 14/05/2011, 900-1000 m, widespread, steppes, UYGUN-1817

213. Achillea aleppica DC. subsp. aleppica, 10/07/2011, 1100-1200 m, Ir-Tur. Element, macchie fields,
UYGUN-1821

214. A. kotschyi Boiss. subsp. kotschyi, 10/07/2011, 1300-1400 m, around the fountain, UYGUN-1822

215. A. bieberstenii Afan., 16/06/2012, 1300-1400 m, Ir-Tur. element, around the fountain, UYGUN-1823

216. Ac. grandiflora Friv., 25/06/2011, 1200-1300 m, rocky places around macchies over northern rift,
UYGUN-1825

217. Matricaria aurea (L.) Schultz Bip., 16/06/2011, 1300-1400 m, over valley steppes on east side, UY-
GUN-1824

218. Gundelia tournefortii L. var. armata Freyn&Sint., 09/06/2012, 1000-1100 m, Ir-Tur. Element, steppe
fields, UYGUN-1826

219. Onopordum anatolicum (Boiss.) Eig., 04/06/2011, 1000-1100 m, Endemic, Ir.-Tur. element, steppe
fields, UYGUN-1827

220. Cirsium arvense (L.) Scop. subsp. vestitum (Wimmer&Grab) Petrak, 16/06/2012, 1100-1200 m,
around the cave on downroad, UYGUN-1828

221. C. elodes Bieb., 10/07/2011, 1200-1300 m, Ir-Tur. Element, macchie opennings, UYGUN-1829

222. Ptilostemon afer (Jacq.) Greuter subsp. eberneus Greuter, 10/07/2011, 1300-1400 m, Endemic, wide-
spread, subsidence steppes over the peak, UYGUN-1830

223. Notobasis syriaca (L.) Cass., 08/05/2011, 1000-1100 m, Medit. Element, steppe fields, UYGUN-1831
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Carduus nutans L. subsp. nutans, 04/06/2011, 1000-1100 m, widespread, around the forestery depot,
UYGUN-1832

Serratula cerinthifolia (Sm.) Boiss., 16/06/2012, 1100-1200 m, steppe — macchie border, UYGUN-1833
Centaurea virgata Lam. Grup A., 24/07/2011, 1000-1100 m, widespread, steppe fields, UYGUN-1834
C. lycopifolia Boiss.&Kotschy, 04/06/2011, 1300-1400 m, Endemic, E.Medit. Element, rocky places,
UYGUN-1835

C. cataonica Boiss.&Hausskn., 10/07/2011, 1400-1500 m, Endemic, steppes over the top, UY-
GUN-1836

C. depressa Bieb., 19/05/2011, 1200-1300 m, widespread, rocky places around the northern rift,
UYGUN-1839

C. aggregata Fish&Mey. ex DC subsp. aggregata, 23/08/2013, 1300-1400 m, rocky places on east side,
UYGUN-1840

C. urvillei DC. subsp. urvillei, 16/06/2012, 1100-1200 m, E.Medit Element, macchie field over the
forestery depot, UYGUN-1837

C. solstitialisL. subsp. carneola (Boiss.) Wagenitz, 10/07/2011, 1000-1100 m, Endemic, steppes around
the forestery depot, UYGUN-1838

Crupina crupinastrum (Moris) Vis., 14/05/2011, 900-1000 m, widespread, steppe fields, UYGUN-1841
Cnicus benedictus L. var. benedictus, 16/06/2012, 1000-1100 m, steppe fields, UYGUN-1842
Xeranthemum inapertum (L.) Miller, 10/07/2011, 1000-1100 m, steppe fields, UYGUN-1843

Echinops ritro L., 17/07/2012, 1000-1100 m, steppe fields, UYGUN-1844

E. orientalis Trautv., 16/06/2012, 1000-1100 m, Ir-Tur. element, around the settlements, UYGUN-1844
Scolymus hispanicus L., 16/06/2012, 1000-1100 m, Medit. Element, around the forestery depot, UY-
GUN-1845

Cichorium pumilum Jacqg., 14/05/2011, 1000-1100 m, E.Medit. Element, steppe fields, UYGUN-1846
Scorzonera cana (C.A. Meyer) Hoffman. var. radicosa (Boiss.) Chamberlain, 18/06/2011, 1200-1300 m,
east side basin, UYGUN-1847

S. papposa DC., 04/06/2011, 1200-1300 m, Ir.-Tur. Element, rocky places around the northern rift,
UYGUN-1848

Tragopogon pterocarpa DC., 04/06/2011, 1300-1400 m, Ir.-Tur. element, rocky places, UYGUN-1849
Picris strigosa Bieb., 16/06/2012, 1200-1300 m, Ir.-Tur. element, steppe — macchie border, UY-
GUN-1850

Rhagadiolus stellatus L. var. stellatus, 14/05/2011, 1100-1200 m, steppes around downroad, UY-
GUN-1851

Sonchus asper (L.) Hill. subsp. glaucescens (Jordan) Ball., 10/07/2011, 1000-1100 m, steppe fields,
UYGUN-1852

Taraxacum aleppicum Dahlst, 19/03/2011, 1000-1100 m, E. Medit Medit. Element, around the middle
rift, UYGUN-1853

T. sintenisii Dahlst, 19/03/2011, 1200-1300 m, macchie field, UYYGUN-1854

T. crepidiforme DC. subsp. crepidiforme, 16/04/2011, 1200-1300 m, Ir-Tur. element, east side basin,
UYGUN-1855

Chonderilla juncea L. var. juncea, 23/08/2013, 1300-1400 m, rocky fields, UYGUN-1856

Crepis foetida L. subsp. rhoeadifolia (Bieb.) Celak, 19/05/2011, 1000-1100 m, widespread, steppe
fields, UYGUN-1857

C. sancta (L.) Babcock, 16/04/2011, 1100-1200 m, widespread, macchie field, UYGUN-1858

C. micrantha Cizr., 25/06/2011, 1200-1300 m, steppe field, UYGUN-1859

33. Campanulaceae Juss.

253.

254,

255.

Campanula strigosa Banks&Sol., 04/06/2011, 1100-1200 m, E.Medit Element, shady places near the
fence, UYGUN-1860

Michauxia campanuloides L'Herit ex Aiton, 04/06/2011, 1100-1200 m, E.Medit. Element, shady places
near the fence, UYGUN-1861

Legousia falcata (Ten.) Fritsch, 09/04/2011, 1000-1100 m, Medit. Element, around the forestery de-
pot, UYGUN-1862

34. Primulaceae Batsch ex Borkh.
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256. Primula vulgaris Huds. subsp. vulgaris, 09/04/2011, 1300-1400 m, Euro-Sib. Element, rocky and stony
places around the middle rift, UYGUN-1863

257. Cyclamen persicum Miller, 09/04/2011, 1400-1500 m, E.Medit Element, Steppes over the top, UY-
GUN-1864

258. C. pseud-ibericum Hildebr., 29/03/2012, 1400-1500 m, Endemic, E.Medit. Element, steppes over the
top, UYGUN-1865

259. Lysimachia atropurpurea L., 19/05/2011, 900-1000 m, E.Medit Element, steppe fields, UYYGUN-1866

260. Anagallis foemina Miller, 04/06/2011, 1000-1100 m, Medit. Element, steppe fields, UYGUN-1867

35. Styracaceae DC. & Spreng.

261. Styrax officinalis L., 19/05/2011, 1100-1200 m, macchie field, UYGUN-1868

36. Oleaceae Hoffmanns. & Link

262. Jasminum fruticans L., 19/05/2011, 1000-1100 m, Medit. Element, macchie field, UYGUN -1869

37. Convolvulaceae Juss.

263. Convolvulus dorycnium L. subsp. oxysepalus (Boiss.) Rech., 19/05/2011, 1100-1200 m, E.Medit. Ele-
ment, macchie field, UYGUN-1871

264. C. lineatus L., 08/05/2011, 1000-1100 m, Quercus opennings, UYGUN-1872

265. C. betonicifolius Miller subsp. betonicifolius, 08/05/2011, 1000-1100 m, widespread, road sides, UY-
GUN-1874

266. Calystegia sepium (L.) R.Br., 14/05/2011, 1200-1300 m, widespread, rocky places, UYGUN-1870

38. Boraginaceae Juss.

267. Heliotropium haussknechtii Bunge, 16/06/2012, 1100-1200 m, Endemic, E.Medit. Element ?, around
the settlements, UYGUN-1871

268. H. europaeum L., 16/08/2013, 1000-1100 m, Medit. Element ?, steppe fields, UYGUN-1872

269. Myosotis incrassata Guss., 16/04/2011, 1100-1200 m, Medit. Elementi, steppe fields, UYGUN-1873

270. M. lithospermifolia (Willd.) Hornem, 16/04/2011, 1300-1400 m, rocky places on east side, UY-
GUN-1874

271. Cynoglossum creticum Miller, 14/05/2011, 1000-1100 m, steppe field, UYGUN-1875

272. Buglossoides arvensis (L.) Johnstone, 19/05/2011, 1200-1300 m, widespread, rocky places, UY-
GUN-1876

273. Echium glomeratum Poiret, 04/06/2011, 900-1000 m, E. Medit element, steppe fields, UYGUN-1877

274. E. italicum L., 14/05/2011, 900-1000 m, road sides, UYGUN-1877

275. Onosma orientale (L.) L., 16/04/2011, 1200-1300 m, Ir-Tur Element, on the rocks around middle rift,
UYGUN-1878

276. 0. albo-roseum Fish.&Mey. subsp. albo-roseum var. albo-roseum, 16/04/2011, 1300-1400 m, Ir-Tur.
element, rocy places, UYGUN-1879

277. 0. rascheyanum Boiss., 14/05/2011, 1400-1500 m, Ir.-Tur. Element, rocky places, UYGUN-2017

278. 0. giganteum Lam., 14/05/2011, 1100-1200 m, E.Medit Element, above settllements, UYGUN-1880

279. Symphytum brachycalyx Boiss., 16/06/2012, 1400-1500 m, E. Medit. Element, steppes around the
top, UYGUN-1881

280. Anchusa officinalis L. Grup A, 16/04/2011, 1000-1100 m, steppe fields, UYGUN-1882

281. A. azurea Miller var. azurea, 14/05/2011, 1000-1100 m, steppe fields, UYGUN-1883

282. A. strigosa Labill., 14/05/2011, 900-1000 m, steppe fields, UYGUN-1884

283. Nonea pulla (L.) DC. subsp. scabrisquamata A.Baytop, 16/06/2012, 1100-1200 m, Ir.-Tur. Element,
macchie field, UYGUN-1885

284. Alkanna tinctoria (L.) Tausch. subsp. anatolica Hub.Mor., 14/05/2011, 1000-1100 m, steppes around
the forestery depot, UYGUN-1886

39. Scrophulariaceae Juss.

285. Verbascum orientale (L.) All., 21/04/2012, 1200-1300 m, E.Medit. Element, widespread, east side
basin steppes, UYGUN-1887

286. V. subnivale Boiss.&Hausskn., 29/08/2013, 1400-1500 m, Endemic, Ir.-Tur. Element, steppes over the
top, UYGUN-1888

287. V. oreophilum C.Koch. var. joannis (Bordz.) Hub.-Mor., 10/07/2011, 1100-1200 m, Ir.-Tur. Element,
steppe fields, UYGUN-1889
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V. germaniciae Hausskn., 04/06/2011, 1300-1400 m, Emdemic, E. Medit. Element, steppes over the
northern top, UYGUN-1890

V. macrosepalum Boiss.&Kotschy ex Murb., 23/08/2013, 1200-1300 m, Endemic, Ir.-Tur. Element,
steppes around the southern rift, UYGUN-1891

Scrophularia libanotica Boiss. subsp. libanotica var. libanotica, 08/05/2011, E.Medit. Element, rocky
places around middle rift, UYGUN-1892

S. xanthoglossa Bieb., 14/05/2011, 1200-1300 m, Ir-Tur. Element, East side basin, rocky places, UY-
GUN-2015

Veronica arvensis L., 09/04/2011, 1100-1200 m, macchie fields, UYGUN-1893

V. pusilla Kotschy var. pusilla, 14/05/2011, 900-1000 m, Ir.-Tur. Element, steppe fields, UYGUN-1894
V. anagalloides Gus., 14/05/2011, 900-1000 m, steppe fields, UYGUN-1895

V. intercedens Bornm., 21/05/2012, 1200-1300 m, east side basin steppes, UYGUN-1896

40. Orobanchaceae Vent.

296.
297.
298.
299.

Orobanche nana Noe ex G.Beck, 09/04/2011, 1300-1400 m, rocky places, UYGUN-1897
0. mutelii F. Schultz, 09/04/2011, 1200-1300 m, macchie fields, UYGUN-1898

O. purpurea Jacg., 10/07/2011, 1100-1200 m, steppe fields, UYGUN-1899

O. oxyloba (Reuter) G.Back, 14/05/2011, 900-1000 m, steppe fields, UYGUN-1900

41. Lamiaceae Martinov

300.
301.

302.
303.
304.
305.

306.
307.

308.
309.

310.
311.

312.

313.

314.

315.

316.

317.
318.

319.

320.

Ajuga orientalis L., 09/04/2011, 900-1000 m, steppe fields, UYGUN-1901

A. chamaepitys (L.) Schreber subsp. laevigata (Banks&Sol) P.H.Davis, 08/05/2011, 1300-1400 m, Ir.-Tur.
Element, around the fountain, UYGUN-1902

Teucrium chamedrys L. subsp. tauricolum Rech., 19/07/2012, 1100-1200 m, Endemic, E. Medit. Ele-
ment, shady places near the fence, UYGUN-1903

T. polium L., 07/07/2012, 1300-1400 m, Widespread, rocky places, UYGUN-1904

T. divaricatum Sieber subsp. divaricatum, 25/06/2011, 1300-1400 m, macchie fields, UYGUN-1917
Scutellaria orientalis L. subsp. santolinoides (Hausskn. ex Bornm.) Edmondson, 04/06/2011, 900-1000
m, Endemic, steppes by the water, UYGUN-1905

S. salviifolia Bentham, 25/06/2011, 1100-1200 m, Endemic, macchie fields, UYGUN-1906

Phlomis longifolia Boiss.& BI., subsp. longifolia, 25/06/2011, 1100-1200 m, macchie fields, UY-
GUN-1908

P. viscosa Poiret, 18/06/2011, 900-1000 m, E.Medit. Element, road sides, UYGUN-1907

Lamium garganicum L. subsp. rectum (Schenk) R.Millin, 08/05/2011, 1200-1300 m, around the church
ruin, UYGUN-1909

L. amplexicaule L., 29/03/2012, 1000-1100 m, Euro-Sib. element, steppe fields, UYGUN-1910

L. truncatum Boiss., 16/04/2011, 1200-1300 m, E.Medit. Element, steppes around church ruin, UY-
GUN-1911

Stachys longispicata Boiss.&Kotschy, 25/06/2011, 1100-1200 m, Ir-Tur. Element, macchie field, UY-
GUN-1912

S. cretica L. subsp. anatolica Rech., 14/05/2011, 1400-1500 m, Endemic, Ir-Tur. Element, rocky places,
UYGUN-1913

S. burgsdoffiorides (Bentham) Boiss. subsp. burgsdoffiorides, 25/06/2011, 1100-1200 m, Ir.-Tur. Ele-
ment, macchie field, UYGUN-1914

St. marashica A.ILCIM,M.CENET & DADANDI, 04/06/2011, 1200-1300 m, Endemic, rocky places, UY-
GUN-1915

Melissa officinalis L. subsp. inodora (Bornm.) Bornm., 25/06/2011, 1000-1100 m, E. Medit. Element,
shady places, UYGUN-2031

Nepeta cilicica Boiss., 04/06/2011, 1300-1400 m, Medit. Element, rocky places, UYGUN-1916
Prunella vulgaris L., 19/05/2011, 1100-1200 m, Euro-Sib. Element, widespread, road sides, UY-
GUN-1918

Marrubium astracanicum Jacg. subsp. astracanicum, 25/06/2011, 1200-1300 m, rocky places around
the suthern rift, UYGUN-1922

Micromeria myrtifolia Boiss.&Hohen, 10/07/2011, 1000-1100 m, E. Medit. Element, shady places,
UYGUN-1919
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321. Mentha aquatica L., 23/08/2013, 900-1000 m, by the water, UYGUN-1920

322. M. longifolia (L.) Hudson subsp. typhoides (Briqg.) Harley var. typhoides, 10/07/2011, 1000-1100 m,
widespread, by the water, UYGUN-1921

323. Ziziphora capitata L., 07/07/2012, 1000-1100 m, Ir-Tur. element, macchie field, UYGUN-1923

324. Salvia recognita Fisch.&Mey., 25/06/2011, 1100-1200 m, Endemic, Ir-Tur. Element, macchie field,
UYGUN-1924

325. S. multicaulis Vahl., 14/05/2011, 1100-1200 m, Ir.-Tur. Element, macchie field, UYGUN-1925

326. S. virgata Jacq., 10/07/2011, 1300-1400 m, Ir-Tur. Element, steppe field, UYYGUN-1926

327.S. tomentosa Miller, 04/06/2011, 1200-1300 m, Medit. Element, macchie field, UYGUN- 1927

328.S. sclerae L., 25/06/2011, 1300-1400 m, near fountain, UYGUN-1928

42. Plumbaginaceae Juss.

329. Acantholimon kotschyi (Jaub.&Spach) Boiss. subsp. kotschyi, 10/07/2011, 1400-1500 m, Endemic, Ir.-
Tur. Element, UYGUN-1929

44. Plantaginaceae Juss.

330. Plantago major L. subsp. intermedia (Gilib) Lange, 19/04/2012, 1000-1100 m, road sides, UY-
GUN-1930

331. P. lanceolata L., 19/04/2012, 900-1000 m, stream side, UYGUN-1931

44. Lauraceae Juss.

332. Laurus nobilis L., 25/06/2011, 1100 m, Medit. element, macchie field, UYGUN-2003

45. Euphorbiaceae Juss.

333. Euphorbia petiolata Banks.&Sol., 04/06/2011, 1100-1200 m, Ir-Tur. element, around the fence, UY-
GUN-1932

334. E. macrostegia Boiss., 16/04/2011, 1200-1300 m, steppes around down road, UYGUN-1933

335. E. falcata L. subsp. falcata var. falcata, 16/04/2011, 1200-1300 m, widespread, macchie field on South,
UYGUN-1934

336. E. apios L., 16/04/2011, 1200-1300 m, E.Medit. elementi, east side basin steppes, UYGUN-1935

337. E. szovitsii Fisch.&Mey., 21/04/2012, 1300-1400 m, Ir.-Tur. Element, South summit steppes, UY-
GUN-1936

46. Urticaceae Juss.

338. Urtica dioica L., 25/06/2011, 1100-1200 m, Euro.-Sib. Element, inside the cave on South down road,
UYGUN-1948

47. Ulmaceae Mirb.

339. Celtis australis L., 16/04/2011, 1100-1200 m, Medit. Element, macchie field, UYGUN-2002

48. Platanaceae T.Lestib.

340. Platanus orientalis L., 09/04/2011, 1000-1100 m, Widespread, UYGUN-1937

49. Fagaceae Dumort.

341. Quercus cerris L. var. cerris, 16/08/2013, 1000-1100 m, macchie field, UYGUN-1938

342. Q. coccifera L., 16/08/2013, 1000-1100 m, Medit. Element, macchie field, UYYGUN-1939

50. Salicaceae Mirb.

343. Salix caprea L., 14/05/2011, 1000-1100 m, Euro-Sib. Element, macchie field, UYGUN-1940

344. Populus alba L., 14/05/2011, 1000-1100 m, Euro-Sib. Element, around the settlement, UYGUN-1941

51. Rubiaceae Juss.

345. Galium scabrifolium (Boiss.) Hausskn., 10/07/2011, 1400-1500 m, Endemic, E. Medit Element, over
the top, UYGUN-1942

346. G. verum L. subsp. glabrescens Ehrend, 04/06/2011, 1300-1400 m, Ir-Tur. Element, rocky places,
UYGUN-1943

347. G. humifusum Bieb., 04/06/2011, 1200-1300 m, near the church ruin, UYGUN-1944

348. Cruciata mixta Ehrend.&Schond, 16/04/2011, 1000-1100 m, Endemic, Medit. Element, steppe fields,
UYGUN-1945

349. C. taurica (Pallas ex Willd.) Ehrend., 14/05/2011, 1000-1100 m, steppe fields, UYGUN-1946

52. Araceae Juss.

350. Arum dioscoridis Sm. var. syriacum (Blume) Engler, 09/04/2011, 1300-1400 m, E. Medit. Element,
steppe fields, UYGUN-1947
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53. Liliaceae Juss. Juss. Juss.

351. Asphodelus aestivus L., 24/04/2011, 1000-1100 m, Medit. Element, around the settlement, UY-
GUN-1949

352. Allium tchihatschewii Boiss., 25/06/2011, 1200-1300 m, Endemic, Ir-Tur. Element, macchie field,
UYGUN-1954

353. A. paniculatum L. subsp. paniculatum, 18/06/2011, 1300-1400 m, Medit. Element, flats on southern
top, UYGUN-1950

354, A. pallens L. subsp. pallens, 10/07/2011, 1200-1300 m, Medit. Element, macchie field, UYGUN-1955

355. A. tauricola Boiss., 23/08/2013, 1300-1400 m, Endemic, Ir-Tur. Element, rocky places, UYGUN-1951

356. A. scorodoprasum L. subsp. rotundum (L.) Stearn, 18/06/2011, 1200-1300 m, Medit. Element, Wide-
spread, rocky places, UYGUN-1952

357. A.vineale L., 10/07/2011, 1200-1300 m, macchie field, UYGUN-1953

358. A. macrochaetum Boiss&Hausskn. subsp. macrochaetum, 10/07/2011, 1000-1100 m, rocky places,
UYGUN-1956

359. Scilla bifolia L., 21/04/2012, 1300-1400 m, Medit. Element, rocky places around middle rift, UY-
GUN-1957

360. Ornithogalum narbonense L., 18/06/2011, 1200-1300 m, Medit. Element, macchie field, UYYGUN-1958

361. 0. montanum 16/04/2011, 1300-1400 m, E. Medit. Element, rocky places on east side, UYGUN-1959

362. 0. ulophyllum Hand.-Mazz., 25/06/2011, 1100-1200 m, macchie field, UYGUN-1960

363. 0. umbellatum L., 21/04/2012, 1000-1100 m, steppe fields, UYGUN-1961

364. 0. alpigenum Staph., 08/05/2011, 1200-1300 m, Endemic, E. Medit. element, East side basin steppes,
UYGUN-1962

365. Muscari armeniacum Leichtline ex Baker, 19/05/2011, 1200-1300 m, Widespread, rocky places, UY-
GUN-1963

366. M. neglectum Guss., 29/03/2011, Sarimsak-4, Widespread, UYGUN-1964

367. Hyacinthus orientalis L. subsp. orientalis, 19/03/2011, 1300-1400 m, Endemic, Ir-Tur. Element, rocky
places, UYGUN-1965

368. Fritillaria alfreda Post. subsp. glaucoviridis, 16/04/2011, 1300-1400 m, Endemic, E. Medit. Element,
base of the dried stream, UYGUN-1974

369. Tulipa armena L. var. lycica (Baker) Marais, 09/04/2011, 900-1000 m, Endemic, steppe fields, UY-
GUN-1966

370. Gagea fibrosa (Desf.) Schultes&Schultes, 199/03/2011, 1200-1300 m, macchie field, UYGUN-1967

371. Colchicum szowitsii Fisch.&Mey, 29/03/2011, 1300-1400 m, Medit. element, East side basin, UY-
GUN-1968

54. Amapunnucosble J.St.-Hil.

372. Galanthus elwesii Hooker, 29/04/2012, 1000-1100 m, E. Medit. Element, on the shades of rocky plac-
es around the forestery depot, UYGUN-1969

55. Iridaceae Juss.

373. Iris persica L., 19/03/2011, 1000-1100 m, Ir-Tur. Element, steppe fields, UYGUN-1970

374. 1. unguicularis Poiret, 21/04/2013, 1000-1100 m, Ir-Tur. Element, around the settlement, UY-
GUN-2016

375. Crocus biflorus Miller subsp. pseudonubigena Mathews, 29/03/2011, 1300-1400 m, Endemic, Ir-Tur.
Element, rocky places near southern rift, UYGUN-1971

376. C. ancyrensis (Herbert) Maw., 29/04/2012, 1300-1400 m, Endemic, Ir-Tur. Element, near the top,
UYGUN-1972

377. Gladiolus italicus Miller, 10/07/2011, 1400-1500 m, near the top, UYGUN-1973

56. Typhaceae Juss.

378. Typha latifolia L., 16/06/2012, 1000-1100 m, stream side, UYGUN-1975

57. Cyperaceae Juss.

379. Cyperus longus L., 14/05/2011, 900-1000 m, Widespread, stream side, UYGUN-1976

380. C. fuscus L., 10/07/2011, 900-1000 m, Euro.-Sib. Element, stream side, UYGUN-1977

381. Carex divulsa Stokes subsp. divulsa, 18/06/2011, 1400-1500 m, Euro.-Sib. Element, flats on the top,
UYGUN-1978

_~
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382.
383.

C. melanostachya Bieb. ex Willd., 10/07/2011, 1200-1300 m, sides of dried stream, UYGUN-1979
C. elata All. subsp. omskiana (Meinsh.) Jalas, 16/06/2012, 1400-1500 m, Euro.-Sib. Element, flats on
the top, UYGUN-1980

58. Poaceae Barnhart Barnhart Barnhart

384.

385.

386.
387.
388.

389.
390.

391.

392.

393.

394.
395.

396.
397.
398.
399.
400.
401.
402.

Agropyron cristatum (L.) Gaertner subsp. pectinatum (Bieb.) Tzvelev var. pectinatum, 21/05/2012,
1100-1200 m, steppe field, UYGUN-1981

Crithopsis delileana (Schultes) Rosev, 08/05/2011,1200-1300 m, Ir.-Tur. Element, macchie field, UY-
GUN-1982

Aegilops columnaris Zhukovksi, 04/06/2011, 1100-1200 m, Ir.-Tur. Element, road sides, UYGUN-1983
Bromus madritensis L., 04/06/2011, 1100-1200 m, macchie field border, UYGUN-1984

B. alopecuros Poiret subsp. alopecuros, 08/05/2011, 1200-1300 m, Medit. Element, steppes over the
church ruin, UYGUN-1985

B. danthoniae Trin., 16/06/2012, 1300-1400 m, rocky slopes on east side, UYGUN-1986

Avena barbata Pott. ex Link. subsp. barbata, 23/05/2012, 1100-1200 m, Medit. Element, Widespread,
macchie field, UYGUN-1987

A. sterilis L. subsp. ludoviciana (Durieu) Gillet, 08/05/2011, 1100-1200 m, around the cave on down
road, UYGUN-1988

Polypogon viridis (Gouan) Breistr., 14/05/2011, 1200-1300 m, Euro.-Sib. Element, Widespread, steppe
field, UYGUN-1989

Alopecurus myosuroides Hudson var. myosuroides, 09/04/2011, 1100-1200 m, Euro.-Sib. Element,
Widespread, steppe field, UYGUN-1990

Phleum montanum C. Koch subsp. montanum, 16/06/2012, 1300-1400 m, steppe field, UYGUN-1991
Lolium temulentum L. var. temulentum, 19/05/2011, 1300-1400 m, around the mountain spring,
UYGUN-1992

Vulpia myuros (L.) C.C.Gmelin, 19/05/2011, 1100-1200 m, Widespread, macchie field, UYGUN-1993
Poa annua L., 14/05/2011, 1200-1300 m, Cosmopolit, steppe field, UYYGUN-1994

P. pratensis L., 09/06/2012, 1000-1100 m, Widespread, road sides, UYGUN-1995

P. sterilis Bieb., 16/08/2013, 1000-1100 m, steppe field, UYGUN-1996

P. bulbosa L., 14/05/2011, 1100-1200 m, macchie field, UYGUN-1997

Briza humilis Bieb, 20/05/2012, 1100-1200 m, Widespread, road sides, UYGUN-1998

Echinaria capitata (L.) Desf., 06/05/2012, 1100-1200 m, Widespread, UYGUN-1999
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ABSTRACT. Through long-term research in the Nakhchivan Autonomous Republic and literary
sources, we studied the species composition of the gasteromycetes group and determined their
distribution zones. We found that 21 species from 14 genera of the gasteromycetes group are present
in the region. Among these, 6 species are newly recognized as part of Azerbaijan’s mycobiota and
15 species are specific to the Nakhchivan Autonomous Republic.As a result of research conducted
in 2022, a new monotypic genus and species were identified for the mycobiota of Azerbaijan —
Myriostoma coliforme (Pers.) Corda. The article provides information on the range, ecological and
trophic characteristics and the description of Myriostoma coliforme (Pers.) Corda.

Key words: gasteromycetes, Myriostoma coliforme (Pers.) Corda, new monotypic genus and species,

basidiospores, monotypic, humus saprotrophs.

INTRODUCTION

The relief, geological structure, climate and
soil cover of the Nakhchivan Autonomous Re-
public have created favorable conditions for the
development of mycobiota, including gastero-
mycetes, as well as rich plant species diversity
in this region. Gasteroid fungi belong to the
group of polyphyletic fungi and have character-
istic features as morphological features, as well
as the development, maturation and reproduc-
tion of spores.

A common feature that unites all Gaster-
omycetes is that they have an angiocarp-type
fruiting body, in which the basidiospores in
such fruiting bodies remain covered until the
fruiting body is fully mature, and mature basid-
iospores can be released only after the fruiting
body bursts. Fungi of the Gasteromycete group
are predominantly soil saprotrophs, but some
form mycorrhiza on the roots of various trees.
Most of them are cosmopolitan. In relation to
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the substrate, they are divided into 4 groups -
lignophiles, soil saprotrophic gasteromycetes,
underground gasteromycetes and open soil
gasteromycetes.

There are about 1000 known species of gas-
teromycetes in the world, which are united into
11 orders [Sadygov, 2007]. Among them are Ly-
coperdales - about 200, Sclerodermatales - 100,
and Phallales - 50 species [Rebriev, 2005]. Also
known are 400 species of fungi with the devel-
opment of angiocarp and hemiangiocarp in the
order Boletales, Russulales, Cortinariales and
Agaricales [Bougher, Castanello, 1993]. Accord-
ing to literary data, 250 genera and up to 40
species have been found in the CIS and Europe
[Sosin, 1973], in Azerbaijan - 13 genera and
up to 40 species [Sadigov, 2010]. Based on the
studies conducted in the territory of the Nakh-
chivan Autonomous Republic [Sadygov, 2007;
2008], the distribution of 21 species of gastero-
mycetes was established, of which one species
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was identified by Akhundov T.M. [1979], and 20
species by Seidova H.S. [2010; 2017; 2012].
Despite extensive research conducted in
the Nakhchivan Autonomous Republic, the tax-
onomic composition of the Gasteromycetes
group has not been fully studied, despite the
discovery of new species and their distribution
zones. The studies have shown that the diversi-
ty of climatic conditions and soil cover provides
opportunities for the discovery of new genera
and species of gasteromycetes. As a result of
these studies, a new monotypic genus and spe-
cies, Myriostoma coliforme (Pers.) Corda, was
discovered as part of the Azerbaijani mycobiota
belonging to the gasteromycetes group.

MATERIALS AND METHODS

The samples were collected in 2022 in the
village of Bichenak, Shahbuz district. Morpho-
logical and ecological characteristics of the
fungus specimens were recorded and photo-
graphed in their natural habitat. Spores were
examined and photographed using Ideal and
Smart 3 mode T2/L microscopes, and Soptop
Instruments.

The species was identified based on liter-
ature data [Gorlenko et al., 1980; Yusaf et al.,
2013; Amalia et al., 2020].

The species name has been confirmed based
on the information from the Index Fungorum
website (www.indexfungorum.org). Specimens
of the species Myriostoma coliforme (Pers.)
Corda are kept in the mycological herbarium of
the Institute of Botany of the Ministry of Science
and Education of the Republic of Azerbaijan.

RESULTS

The genus Myriostoma Decv. is a monotyp-
ic genus belonging to the family Geastraceae
Corda. One species of the genus is distributed
worldwide. The genus name was first given in
1809 by the French botanist Devaux in the Pa-
risian journal “Journal de Botanque”. The spe-
cies included in the genus was first described
in 1776 as Lycoperdon coliforme Dicks. given
as Then the binomial name of the species was
first introduced into science in 1842 by Corda as
Myriostoma coliforme (Pers.) Corda. The genus
name Myriostoma comes from the Greek word
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(mycros) - countless and (stoma) - mouth. The
species name coliforme comes from the Latin
word colis - stem, stick, form.

The fruiting body of the species included
in the genus Myriostoma Decv. is spherical,
closed, and has a diameter of 10 cm.

The exoperidis is thick, and scaly, and lat-
er quickly breaks and disintegrates into point-
ed feathers. These feathers are usually curved
downwards. The endoperid, surrounding the
gleban, opens with numerous round openings.
There is one species of the genus — Myriostoma
coliforme (Pers.) Corda [Gorlenko et al., 1980].
Since this species is shown for the first time in
the mycobiota of Azerbaijan, we provide its de-
scription below.

Myriostoma coliforme is a fungus of the
family Geastraceae, the basidiocarps of which
resemble starfish, but the spore sac is support-
ed by multiple columns. In the UK, the recom-
mended English name is “Pepper Pot”. The
young fruiting body is aboveground, rarely first
developing underground and then emerging on
the soil surface. The endoperidia are greyish or
brown, silvery-shiny, opening at the top with
5-50 small round holes. Gleba brown. It differs
from the outwardly similar fungi of the genera
Geastrum and Astraeus by the presence of sev-
eral holes in the endoperidium.

Macroscopic and microscopic features:

The fruiting body before opening has a di-
ameter of 1-5 cm, after opening - 3.5-10 cm in
diameter. The exoperidium is divided into 4-12
wings. Most often they bend downwards. It
has a gleba surrounded by endoperidia. At this
time, the endoperidia together with the gleba
are located on legs, collected in 5-30 cylindri-
cal or angular bundles. Before opening, the
exoperidia are attached to the substrate by a
brown smooth or slightly scaly rhizomorphic
bundle. No false legs. The exoperidium is thick,
and consists of three layers - mycelial, fibrous
and pseudoparenchymatous layer, in mature
mushrooms it is divided into pointed branches,
often bent downwards, which gives the fruiting
body a star-shaped form. The mycelium layer is
light brown or yellowish, not covered with sub-
strate residues, usually longitudinally cracked

www.botanic.az



Acta Botanica Caucasica

Volume 3, No 2, 2024

Figurere 1. Myriostoma coliforme (Pers.) Corda: Fruit bodies, Spores.

and scaly, and is even partially preserved in
overwintering specimens. The fibrous layer
is leathery, from whitish to yellowish-brown,
sometimes with longitudinal cracks. In young
mushrooms, the pseudo parenchymatous layer
is 5-6 mm thick, whitish or yellowish, then dry,
brittle, brown, and dark (Fig. 1).

Spores are spherical, 2-3 pum in diameter,
brown, reddish-brown. The fungus is distribut-
ed mainly in humus soils and oak groves.

Not poisonous. There is no information on
whether it is edible. It mainly appears in sum-
mer and autumn.

Areal: Humus is a saprotroph, that grows
singly or in small groups, on sandy soils, in
mixed forests, in cultivated fields, and some-
times among grasses.

Distribution: Collected from the soil in
the village of Bichenak, Shahbuz district, on
03.X1.2022.

According to the literature, this species is
widespread in the temperate and subtropical
zones of the Northern Hemisphere. Currently,
it is found in Northern and Southern Europe,
including Southern England, Afghanistan, Iran,
Pakistan, India, South Africa, Brazil, Hawaii
and Australia, the European part of Russia, the
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North Caucasus [https://www.wikidata.ru-ru.
nina.az/Myriostoma.html].

CONCLUSION

The research revealed that there are 21 spe-
cies from 14 genera of the gastromycete group
that are common in the mycobiota of the Nakh-
chivan Autonomous Republic. Among these, 6
species are new to the mycobiota of Azerbaijan,
and 15 species are new to the Nakhchivan Au-
tonomous Republic. M. coliforme is a rare spe-
cies, currently found only in the territory of the
Nakhchivan Autonomous Republic. It is mainly
located in the Zangezur National Park named af-
ter Hasan Aliyev, and its conservation requires
special attention. Myriostoma coliforme is list-
ed in the Red Book of 12 European countries
as a rare species. This is one of 33 species pro-
posed for protection under the Bern Conven-
tion by the European Fungal Protection Council
in 2004 [Dahlberg, Croneborg, 2006; https://
en.wikipedia.org/wiki/Myriostoma_coliforme].
Considering that Myriostoma coliforme is a rare
species, in the future, it may be considered ap-
propriate to include it in the new edition of the
Red Book of the Republic of Azerbaijan.
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ABSTRACT. The article deals with the cultivation of some cultural varieties of Apple and pear trees
growing in the orchards of the northern regions of Azerbaijan. The research was carried out in
close cooperation with the staff of the Guba Research Institute of fruit growing and tea growing
in the Guba-Khachmaz region of the Republic in 2019-2021. The article notes that with the correct
Organization of an intensive garden, its economic efficiency can be many times higher than with
traditional technologies that are not highly efficient in modern conditions. The main purpose of the
study was to study the genetic characteristics of a number of Apple and pear varieties and other
fruits introduced earlier and recently in these areas, to study their genome in a comparative way.
Here we have studied the latest achievements in genomic research and its practical applications in

fruit trees belonging to the Rosaceae family, especially pears, apples, peaches.

Keywords: fruit crops, introduction, wild, genome, biotechnology, genome sequencing

INTRODUCTION

The most economically important members
of the Rosaceae family are the apple (Malus x
domestica Borkh.) and pear (Pyrus spp.). The
annual global production of apples exceeds 80
million tons (FAOSTAT 2013), making them the
third most important fruit (after citrus fruits
and bananas). The pear is the Rosaceae fami-
ly’s second most important fruit, and its global
production is approximately 25.2 million tons
(FAOSTAT, 2013). For edible fruits, four import-
ant pear (Pyrus) varieties are grown commer-
cially: Japanese pear (P. pyrifolia Nakai), Euro-
pean pear (P. communis L.), Chinese pear (P. the
bretschneideri Rehd. and P. Ussuriensis Max-
im.). Eriobotrya japonica (Thunb.) Lindl.) is also
an important fruit plant belonging to the Pyreae
tribe, along with pears and apples. Some spe-
cies of Prunus (“stone fruit”) are also important
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fruit trees and include peaches and nectarines
(P. persica (L.) Batsch), plum (P. domestica L.,
P. salicina Lindl.), apricot (P. armeniaca L., P.
mume Siebold et Zucc.), and cherry (P. avium L.,
P. cerasus L.), Belongs to the subfamily Amygda-
loideae of the amygdaleae tribe. Annual World
fruit production (in million tons) is as follows:
peach and nectarine, 21.6; plum, 11.5; apricot
4.1; and cherry 2.3 (FAOSTAT 2013). Gardening
in the northern regions of Azerbaijan has an an-
cient history, so up to 50% of fruit production
in the country falls on this region. Ensuring the
development of Regional gardening on an in-
novative basis, including meeting the growing
demand for environmentally friendly products,
achieving the production of high-quality prod-
ucts suitable for entering the world market, is
considered one of the urgent problems of our
time [Asadov, et.al., 2001], [Beyakhmadov,
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2017].The following issues were laid on the ba-
sis of the study: analysis of the current state of
the studied groups of fruit crops; application of
technology for the production of progressive
seedlings; obtaining traditional and new vari-
eties of Apple and pear varieties, comparative
analysis of their genomes.

The second and more accurate method
of assessing Genetic Resources is the active
screening path. In this case, apart from the
main complex of agrobiological signs of the
studied samples, their molecular level identifi-
cation is carried out, the genetic composition
of varieties and hybrid populations is studied,
pure linear samples obtained by inbriding or
analytical cross-linking are selected, mutated
genes in mutant forms are detected. Selected
samples are widely used in the study of forma-
tion processes in plants. At present, molecular
marker methods are widely used in the pass-
port of plants in the developed countries of the
world.

MATERIALS AND METHODS

In 2019-2021, the soil and climatic condi-
tions of the Guba-Khachmaz region of Azerbai-
jan were analyzed and it was noted that they
are fully suitable for growing the studied fruit
crops-apples and pears. The economic and bio-
logical characteristics of several previously and
newly introduced varieties of 2 fruit breeds (Ap-
ple and pear) in the conditions of the northern
region of our republic, in different cultivation
bases, in different planting schemes and types
of orchards have been studied. Phenological
characteristics, bio morphological signs, and
main components of the studied plants were
analyzed. At this time, apple varieties - the initial
material for grafting - m-9, MM-106, and wild
forest apple trees, grafting apple varieties Gala,
Simirenko Renet, Conagored, Golden Reinders,
Granny Smith, Idared were introduced into our
research., Red Winter, Fuje, Golden Delicious
x 972, Pijam. Experiments also include pear
varieties: Williams white, Williams red, Sir, Sir
Nadiri, Trout, Guyot, Kure, Conference, Talgar
beauty, and Lesnaya. Wild Pear bushes, as well
as the VA-29 Variety, were taken as the basis for
grafting (mother plant). The issues raised in the

study were mainly studied based on generally
accepted methods in gardening.

RESULTS

One of the main conditions for intensifying
gardening is the small size of the crown of fruit
crops and their projection area. To do this, first
of all, you need to choose the right soil. At the
same time, it should be borne in mind that in
all cases it is impossible to use a standard type
of mulch, so it must be selected by the soil and
climatic conditions of the Region [Gurbanoy,
et al., 2014]. If at that time the survival rate of
buds when grafting on a wild forest apple tree
was 81.9%, then in introduced grafted apple
trees this indicator was 87.7-93.7%. Among
the introduced apple trees according to this
indicator, “Pajam-1" (88.0%) is the leader. In a
pear plant, the percentage of preservation of
buds grown on vegetatively propagated shoots
is less than on shoots that are not propagated
vegetatively. If the capture of buds when graft-
ing on the VA-29 rhizome was 85.0 - 87.0%,
then in the varieties Sir and Sir Nadiri grafted
on the forest pear, the capture of shoots was
significantly less - 76.7 - 79.3%. The entire ge-
nome sequence of Chinese pears [Wu et al,,
2013], European pears [Chagné et al., 2014],
apples [Velasco et al., 2010], peaches [Verde
et al., 2013], and apricots [Zhang et al., 2012]
has been studied, wild strawberries, cultivated
strawberries [Hirakawa et al., 2014]. A total of
2,103 scaffolds cover 512.0 Mb (527% of the
estimated 97.1 Mb genome size) and are not
bound to 17 chromosomes. The genome of the
Chinese pear contains 42,812 protein-encoding
genes, and about 28.5% of them encode nu-
merous isoforms.

The identified repeating sequences (271.9
Mb in total) make up 53.1% of the genome. The
difference in size between the pear and Apple
genomes is mainly due to the presence of repet-
itive sequences (mostly transposed elements),
while gene regions and protein-coding genes
are similar in both species. The European pear
‘Bartlett’ genomic composition Project [Chagné
et al., 2014] consists of 142,083 scaffolds and
covers a total of 577.3 Mb (600% of the esti-
mated genome size of 96.2 Mb). In total, 43,419
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probable genes were identified, of which 1,219
are characteristic of the European pear and are
not found in the genomes of other dicotyledon-
ous plants. Analysis of the family of expansin
genes and other genes associated with the cell
wall showed their participation in softening the
fruits of both the European pear and the Apple.
It is expected that the genome sequence of the
Chinese and European pear will be attributed
to 17 pseudochromosomes, which will greatly
help us in conducting genetic-genomic studies
of pears.

The International Consortium has published
a draft of the genome sequence of the present-
ed “Golden-tasting” apple variety, the founder
variety often used in many selection programs
(Velasco et al. 2010). The composition of the
Golden Delicious genome consists of 603.9
kontigs, covering a total of 81.3 Mb (742.3% of
the estimated genome-122146 Mb). Seventeen
pseudochromosomes (GDR, Malus x domes-
tica Genome v1.0p) were derived from these
contigs. A total of 57,386 probable protein-en-
coding genes were predicted. The family of
MADS-box genes involved in the development
of flowers and fruits in the Apple plant has been
expanded to 15 members. Other families of
genes associated with the transport and assimi-
lation of sorbitol are also expanding and are in-
volved in the specific metabolism of Rosaceae.

Simple Sequence Repeats (SSR) markers or
micro patches provide a reliable method for as-
sessing genetic diversity and constructing genet-
ic maps based on codominant inheritance and
allele abundance [Weber & May 1989]. More
than 1000 SSR markers were found in Japanese
and European pears from genomic sequences
[Inoue et al. 2007], from pests and next-gen-
eration sequence (NGS) data [Yamamoto et
al., 2013]. Relatively recently, a large number
of SSR markers have been developed from the
entire genome sequence of the Chinese pear
“Dangshansuli” [Chen et al., 2015]. SSR mark-
ers derived from pears have often been used
as reference sites for pear genetic linkage ref-
erence maps [Chen et al., 2015], [Yamamoto
et al., 2007]. Hundreds of SSR markers for ap-
ples have been developed and used to create
high-quality genetic linkage maps with a high

r
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marker density. Among the varieties of Prunus,
a large number of SSR markers have been de-
veloped for peaches and almonds, cherries, and
apricots [Lopes et al., 2002].

Nucleotide repeats were found in reinforced
pear and Apple fragments both by Sequence
and by Southern blotting, and differences in
fragment size between pear and Apple are
mainly due to differences in the number of such
repeats. SSR markers apple, pear, quince (Cydo-
nia oblonga Mill.), and mushmula [Yamamoto
et al., 2007]. When pear genetic relationship
maps (Bartlett and La France) are compared
with Apple reference maps (Discovery & Fies-
ta), pear homologous LGS may have 66 Apple
SSR locations [Yamamoto, 2007].

In addition, the position of the SSR lo-
cus inside the LG was almost the same in the
pear and Apple, which indicates good colinear-
ity in all 17 Gisbert et al., (2009) used Apple
and pear SSR markers to construct genetic link-
age maps for Algerie and Zaozhong-6 medlar
varieties. At the same time, when using fixed
SSR markers, medlar maps showed high syn-
thesis with pickup maps. [Fukuda et al., 2014]
found almost complete collinearity of LG10 in
mushmula, pears, and apples. These data show
that, despite significant differences in genome
sizes ranging from 1.11 pg/2C to 1.57 pg/2c,
the chromosomes of the offspring in the pyrene
tribe exhibit colinearity.

CONCLUSION

In this work, we focused on recent advanc-
es in whole genome sequencing, genome-wide
SNP and SSR markers, genetic linkage reference
maps, and research on synesthesia in Rosaceae
fruit trees, which will help researchers develop
new varieties with desirable traits using MAS
and Roman. genomic strategies.in programs for
the development of new, more efficient, and
economical varieties of fruit trees. Genetic
improvement of fruit trees belonging to the
family of flower growers is very difficult due to
the large size of the tree, the ripening time of
new generations, and the long stage of maturi-
ty for seedlings.

Thus, it is believed that MAS and marker as-
sisted breeding will help speed up selection and



Volume 3, No 2, 2024

Acta Botanica Caucasica

reduce the time it takes to obtain a new gener-
ation and the cost of raising individuals grown
in the field. However, mas attempts in fruit tree
breeding programs remain limited for a few he-
reditary traits, as the development of markers
for MAS through bi parental QTL mapping is
also difficult due to the same complications.
The development of high-throughput ge-
notyping technologies such as SNP arrays and

biparental QTL mapping in long-lived perenni-
als. Genomic breeding selection based on value
predictions, i.e. genomic selection (GS) is an-
other alternative to MAS. Reliable and evenly
distributed SNP markers across the genome,
together with reference genetic linkage maps,
help us use new genomic strategies, GWAS and
GS, which have become powerful tools in pear,
apple and forest tree breeding programs.

NGS-assisted genotyping has enabled the use of
new genomic strategies such as genome-wide
association research (GWAS), an alternative to
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ABSTRACT. In the conducted research, several works have been carried out to study the
anatomical structures of plant specimens and various structures encountered within the
plant. After the collected plant samples underwent preliminary treatment, their anatomical
cross-sections were obtained, and the permanent preparations of the acquired sections were
analyzed using a light microscope. The anatomical sections of the sepal from generative
organs and the leaf, petiole, stem, and root from vegetative organs were analyzed, and their
internal structures were provided. The results allow for determining the structure of tissues with
the same function in different plant organs, comparing these structures between organs, and
identifying their arrangement throughout the plant. When examining the vascular bundles, it
is determined that they are composed of primary structural elements in the leaf. The vascular
bundle of the leaf passes through the petiole and enters the stem’s central cylinder. In the root,
the xylem extends toward the center of the root, transporting water and dissolved substances,
while the phloem adjacent to the xylem plays a direct role in the transportation of organic
materials. During the microscopic analyses, similar studies were investigated, and references to
specific points were made when necessary.

Keywords: Cross-section, vascular bundle, collenchyma, druse, periderm.
INTRODUCTION collected from the mountainous area of Qab-
Portulaca oleracea L. is a cosmopolitan spe-  aqtapa village in the Dashkasan district of Azer-
cies widespread in low-yield areas, mountain-  baijan. The fleshy leaves and stems of the plant
ous regions, and many other habitats [Asga- maintain high water reserves, ensuring the
rov, 2016]. The plant studied in this article was  plant’s drought resistance (Fig. 1). Its soft stems

Figurere 1. General view of the Portulaca oleracea and the map of the area where it was collected.
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are sprawling, branching from the points where
the leaves attach to the stem, allowing the
plant to spread laterally in the area it occupies
[Novruzov, 2010]. The leaves are oval-shaped
with a smooth surface; as seen in anatomical
cross-sections, they are thick and possess wa-
ter-storing tissues, attaching to the stem via a
small petiole [Gurbanov, 2009b] [Karimov et
al., 2010]. The stem also has a smooth surface,
with longitudinal stripes corresponding to the
internal vascular bundles. The branches of the
main stem initiate generative buds at the points
where several leaves are clustered at the tips;
however, further branching can occur, leading
to the formation of new lateral stems. The main
stems are connected to a single central part,
which is attached to a single root at the bottom,
and the root system is a tap root system. The
plant is widely used in medicine and folk reme-
dies due to its rich composition, which includes
minerals, vitamins, and omega-3 fatty acids
[Qurbanov, 2009a] [Ibadullayeva, 2010]. Fur-
thermore, because of its anatomical structure
characteristics, this plant with a soft texture is
also used as food [Ibadullayeva, 2023].

MATERIALS AND METHODS

Collection of plant samples.

To elucidate the anatomical structure of
Portulaca oleracea, samples were collected
from healthy plants located in the Qabaqgtapa
village area of the Dashkasan region [Asgarov,
2011]. This scientific study focused on the gen-
erative organs, specifically the sepal, and the
vegetative organs, including the leaf, petiole,
stem, and root, to determine their anatomical
characteristics.

Preparation of samples for sectioning.

Specific histological methods were em-
ployed to preserve and pre-process the care-
fully selected plant samples. The samples were
fixed in a specialized solution to maintain the
integrity of their internal structures and tissue
organization [Tutayuq, 1967]. Following fixa-
tion, they were immersed in alcohol solutions
of varying concentrations to facilitate the re-
moval of water from the tissues.

Sectioning and staining process.

Thin cross-sections, approximately 5-10 pm
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thick, were taken from selected parts of the se-
pal, leaf, petiole, stem, and root with hand mi-
crotome, and mounted on glass slides for stain-
ing. The sections were stained with safranin
dye to emphasize different tissue types. Since
safranin specifically stains lignin, elements that
have undergone lignification, or wood forma-
tion, appear red [Jana, 2003]. Consequently,
during microscopic analysis of the anatomical
sections, xylem vessels, including tissues with
thickened cell walls such as libriform fibers and
sclerenchyma, are visibly stained red [Sardaro-
va, 2022a].

Analysis of prepared specimens.

Light microscopes (ZEISS and MOTIC) were
utilized to examine the anatomical structures
present in the sections, and micrographs were
taken of individual parts. The analysis involved
identifying the epidermis, parenchyma, vascu-
lar elements, and other tissue types, clarifying
their structural characteristics, arrangement,
and the interplay between structure and func-
tion [Humbatov, 2017]. During the measure-
ment process using the microscope, both the
eyepiece micrometer and the stage microme-
ter were utilized. In this context, both microm-
eters were placed in their appropriate positions
within the microscope to facilitate the calibra-
tion process. The degree to which the divisions
of the eyepiece micrometer corresponded to
those of the stage micrometer was determined
at various magnification levels of the objec-
tives. The stage micrometer had a 1 mm section
divided into 100 equal parts, each measuring
10 micrometers in width. During the calibration
process, the number of divisions of the stage
micrometer that corresponded to each division
of the eyepiece micrometer was recorded. Ac-
cordingly, the width in micrometers of one divi-
sion of the eyepiece micrometer at each specific
magnification level was established. Following
this, the measurement process was conducted
on the preparations.

RESULTS

The analysis of preparations made from the
cross-sections of the generative and vegetative
organs of the Portulaca oleracea species, con-
ducted under a light microscope, along with the



.,
Volume 3, No 2, 2024 Acta Botanica Caucasica 2B

Figure 2. Portulaca oleracea. Sepal

A,B,C-the general appearance of the cross-section of the sepal; D-the lateral part of the sepal; E,F-
the central part of the sepal; ue-upper epidermis; le-lower epidermis; pa-parenchyma; cb-central
bundle; Ib-lateral bundle; pxy-protoxylem,; pph-proto-phloem.

Figure 3. Portulaca oleracea. Leaf

A-the general appearance of the cross-section of the leaf; B-the structure of the central bundle;
C-the structure of the lateral bundle; D-lower epidermis zone E,F-upper epidermal zone and sto-
ma; ue-upper epidermis; le-lower epidermis; pa-parenchyma; bs-bundle sheat; ch-chlorenchyma;
st-stoma; ssc-sub-stomatal cavity; gc-guard cell; cb-central bundle; Ib-lateral bundle; pxy-protoxy-
lem; pph-proto-phloem; mxy-metaxylem; mph-metaphoem; dr-druse.
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Figure 4. Portulaca oleracea. Petiole

A,B-the general appearance of the cross-section of the petiole; C,F-the structure of the central
bundle; D-the petiolar wing of the petiole; E-lower area; e-epidermis; pa-parenchyma; ch-cen-
tral bundle; Ib-lateral bundle; mxy-metaxylem; mph-metaphoem; dr-druse; bas-biological active
substances.

Figure 5. Portulaca oleracea. Stem

A-the general appearance of the cross-section of the stem; B-the structure of the stele; C,F-the
epidermal area where collenchyma is located; D-the structure of the vascular bundle; E-pith; e-epi-
dermis; cl-collenchyma; co-cortex; vb-vascular bundle; pxy-protoxylem; mxy-metaxylem; mph-met-
aphoem; fc-fascicular cambium; dr-druse; pi-pith.
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Figure 6. Portulaca oleracea. Root

¢

A-the general appearance of the cross-section of the root; B-peripheral zone of the root; C-the
structure of the stele; D-the structure of the periderm; E,F-parts of the xylem,; pm-periderm; pl-phel-
lem; pg-phellogen; pd-phelloderm; co-cortex; ph-phloem; fc-fascicular cambium; ifc-interfascicular
cambium; xv-xylem vessels; If-libriform fibres; mr-medullary ray; bas-biological active substances.

obtained micrographs, is presented below:
Sepal. In the sepal, the first noticeable dif-
ference is the distinct structure of the upper
and lower epidermal cells. The upper epider-
mal cells are flattened and arranged in a thin
layer, while the lower epidermal cells are con-
siderably larger (fig 2). A thick layer composed
of large parenchyma cells extends along the
subepidermal zone of the upper epidermis, and
the vascular bundles are located among small-
er, flattened chloroplast-containing cells near
this layer [Sardarova, 2022b]. Internally from
the lower epidermis, several layers of large, ir-
regularly shaped cells with poorly developed
chloroplasts occupy the area up to the bundles.
The bundle elements are poorly developed,
consisting of several protoxylem and proto-
phloem elements located in the central bundle.
Additionally, complex stru ctures containing cal-
cium oxalate druses and various tissue aggre-
gates can be observed around the bundles.
Leaf. The leaf is thick, and this thickness is
provided by the parenchyma composed of large

_—
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cells that fill the main part of the leaf and store
water. Along the leaf blade, lateral bundles are
arranged within this parenchyma, closer to the
upper epidermis, while the main, relatively
larger central vascular bundle is located below
these lateral bundles in the center [Ocampo et
al., 2013]. Examining the structure of the cen-
tral bundle, it is evident that its primary xylem
consists of smaller tubular elements, visible as
protoxylem, and the metaxylem, which forms
below it. Above the primary xylem, there are
cell aggregates with slightly thickened walls
which also can be observed below the primary
phloem. The structural elements of the lateral
bundles are composed of protoxylem and pro-
tophloem, and all the bundles are surrounded
by large bundle sheath cells (fig 3). Within these
cells, dense accumulations of chloroplasts are
located in the areas directed toward the bun-
dles. Additionally, chloroplast-containing chlor-
enchyma tissue cells are arranged around the
bundle sheath cells, separating them from the
parenchyma [Hernandes-Lopes et al., 2016]. In
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these tissue cells, calcium oxalate druse crystals
can be observed. The leaf is amphistomatic,
meaning that stomata can be found on both the
lower and upper epidermis, with the guard cells
being relatively smaller and surrounded by sub-
sidiary cells. The outer walls of the epidermis
show weak cutinization.

Petiole

The petioleis semi-circularin shape with pet-
iolar wings extending outward. Its central bun-
dle consists of xylem vessels, libriform fibers
filled with substances and having non-woody
walls located in between, and thin phloem ag-
gregates found in the lower part of the xylem
that also contain tannins. A couple of small lat-
eral bundles can also be observed on the sides
of the central bundle. The parenchyma that
occupies the remaining space contains chloro-
plasts, druses, and accumulations of biological-
ly active substances. The epidermis surrounds
the organ from the outside, and it is noted that
certain substances are also accumulated within
some of its cells (Fig. 4).

Stem.The stem has a eustele structure and
the cortical cells connecting to outer part of
that stele are smaller, enlarging in the central
part of the cortex and then becoming smaller
again towards the subepidermal zone. Many of
the cortical cells contain chloroplasts and tran-
sition into a couple of layers of collenchyma
located directly beneath the epidermis in the
subepidermal zone. The thickening at the cor-
ners of the angular collenchyma cells gives it a
distinctive appearance resembling nodes (Fig.
5). The collateral type bundles surround pith
parenchyma consisting of thin-walled cells with
isodiametric structure, containing large gran-
ular substance accumulations and druses. The
bundles separated from one another by med-
ullary rays. Within the stele, the primary xylem
is located in the inner part, while the primary
phloem is found in the outer part, with fascic-
ular cambium between them and larger, thick-
er-walled cell aggregates are located on the
outer side of the phloem[Qasimov et al., 2010].
It is also possible to observe substance accumu-
lations within the bundles.

Root. The cross-section of the root reveals

www.botanic.az

the xylem vessels forming the central cylinder.
In between the vessels are libriform fibers with
non-lignified walls. In some areas, these fibers
appear to be filled with substances in their cy-
toplasm. Additionally, parenchymal rays com-
posed of parenchyma cells extend inward along
the xylem. At the outer edge of the xylem, you
can see the fascicular cambium, which gives rise
to both xylem and phloem, as well as the inter-
fascicular cambium, which continues from the
vascular cambium along the parenchymal rays.
The phloem is surrounded by the parenchyma
cells of the cortex, which become more loosely
arranged in the peripheral zone, forming large
intercellular spaces. The root is surrounded by
the periderm, with its layers clearly distinguish-
able [Sardarova, 2022b]. On the outermost lay-
er, there is the cork (or phellem), consisting of
dead cells that have undergone suberization,
preventing substances from entering the root.
Beneath this layer, there is the cork cambium
(or phellogen), made up of meristematic cells,
and from these living cells, inward, the phel-
loderm or cork parenchyma forms (Fig. 6). As
seen in the image, the xylem contains a round-
ed black spot formed by the accumulation of
substances in several cells.

CONCLUSION

The epidermal characteristics of the sepal
are a result of adaptation, with the upper epi-
dermis forming a layer that encloses the flower
bud from the inside, while the outer epidermis
serves a protective function by being in contact
with the external environment.

The parenchymal tissue filling the internal
space of the leaf blade serves a water storage
function, which is an adaptation acquired over
time. The positioning of the vascular bundles
closer to the upper surface, within this paren-
chyma, ensures greater exposure to sunlight
and maintains photosynthetic activity.

The arrangement of the vascular bundles in
the petiole and stem complement each other,
aligning with the opposite leaves on the stem.
The bundles entering the leaves are also posi-
tioned opposite one another.

Since the stem is sprawling, there are no

-
78
e 4



Volume 3, No 2, 2024 Acta Botanica Caucasica

sclerenchymal elements to provide upright in the subepidermal zone ensures the overall

support in this plant. Instead, the collenchyma  structural integrity and elasticity of the stem.
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