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COMPARATIVE ANATOMICAL ANALYSIS
OF EREMURUS ROBUSTUS AND E. TIANSCHANICUS
GROWING IN THE ZAILIYSKIY ALATAU

The genus Eremurus (Asphodelaceae) represents one of the characteristic groups of the flora of
Central Asia, distinguished by its ornamental value and practical significance in traditional medicine.
However, the anatomical structure of its representatives under different ecological conditions remains
insufficiently studied. The aim of this study was to conduct a comparative anatomical analysis of two
species occurring in the lle Alatau. Leaves and stems were used as study material, fixed in 70% etha-
nol and processed according to a standard histological protocol with paraffin embedding. Transverse
sections 40 um thick were prepared using a rotary microtome and examined by light microscopy with
digital photodocumentation. Morphometric measurements included epidermal thickness, the size of
palisade mesophyll, the diameter of water-storage cells in the leaf, as well as epidermal thickness, the
size of primary cortex cells, and the diameter of water-storage cells in the stem. The study revealed that
both species exhibit xeromorphic traits: a uniseriate epidermis with a thickened cuticle and sunken sto-
mata, the presence of palisade mesophyll and water-storage cells in the leaves, and well-developed vas-
cular bundles. In the stem, a dense epidermis, a distinct primary cortex, and collateral vascular bundles
with water-storage cells were observed. Interspecific differences were also identified: the first species
had larger primary cortex cells and water-storage elements, reflecting a water-accumulating adaptive
strategy, while the second exhibited a more developed palisade mesophyll and greater stability in tissue
dimensions, indicating a photosynthetic type of adaptation. The results contribute to a better under-
standing of the ecological plasticity and intraspecific variability of Eremurus in the mountainous and
foothill ecosystems of Central Asia.

Keywords: Asphodelaceae, Adaptations, Anatomy, Eremurus, lle Alatau.
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Ire AraTtaybiHaa ecetiH Eremurus robustus xaHe
E. tianschanicus TypAepiHiH, CaAbICTbIPMAAbI aHATOMMUSIABIK, TAAAQYDI

Eremurus (Asphodelaceae) Tybicbl — OpTaablk, A3ust (pbAOPaCbIHbIH COHAIK MOHI >KOFapbl >KoHe
XaAblK, MEAMLIMHACbIHAQ KOAAQHbIAYbI >KafblHAaH MaHbI3Abl TOMTAPbiHbIH 6ipi. AAaiaa OYyA TybIC
OKIAAEPIHIH 8PTYPAI 3KOTOMTAPAAFbl @aHATOMMSIABIK, KYPbIAbICbI >KETKIAIKTI AEHremnaAe 3epTTeAMEreH.
JKyMbICTbIH MakcaTbl — lae AAaTaybl aymarblHAQ ©CETiH €Ki TYPAIH CaAbICTbIPMaAbl aHAaTOMMSIABIK,
TaAAayblH XKYpPrisy 60AAbl. 3epTTey MaTepuanbl peTiHae 70%-Ablk, cnupTTe GekiTiAin, napaduHre
KYIOAbIH CTAaHAQPTTbl [MCTOAOTUSIABIK, BAICI OOMbIHILIA OHAEBATEH OCIMAIKTEPAIH >KamblpakTapbl
MeH cabakTapbl aAbiHAbL. KaAblHABIFbI 40 MKM KOAAEHEH KEeCIHAIAED MWMKPOTOMHbIH KemerimeH
AabIHAAABIM, >KAPbIK, MUKPOCKOMMSICbI dAICI apKbIAbl 38PTTEAAI XKOHE CaHAbIK, (DOTOOEKITY XKYPri3iAAi.
MopdomeTpusiabIK, eAllemMAepre  3MMAEPMUC  KAABIHABIFbI, MAAMCaATbl  Me30MMAA  BALLEMAEPI,
>KarblpakTarbl CY >KMHAYLLIbI KACYLLIAAAPABIH, AMAMETPI, COHAAM-aK, CabaKTarbl AMMAEPMUC KAAbIHADIFbI,
aAFallKbl KabblK, >kKacylaAapbl MEH Cy >KMHayLLbl SAEMEHTTEPAIH MOALLEDI KipAi. 3epTTey HaTHXKeCiHAE
eKi TYpAiH Ae KcepoMopTbIK, BEAriAepre ne eKeHi aHbIKTaAAbl: KAAbIH KyTUKyAacbl 6ap 6ip kabatTbl
3MUAEPMUC >K8HE TepeH OpHaAackaH YCTbMLAAAP, MAAMCAATbl Me30MMAA MeH KarblpakTaFbl Cy
SKMHAYLLbl >KacyllaAap, >akcCbl AambiFaH eTkisriw wokTap. Cabak, GeAiriHAe TbiFbl3 3MUMAEPMKC,
aAFaLLKbl KabblK >K&HE Cy >KMHayLIbl XacyliaAapbl 6ap KOAAATEPaAbAbI LLOKTAP aHbIKTaAAbl. TypAaep
apacbiHAQ arbIpMaLLbIALIKTAD 6GarkaAAbl: GipiHWI TypAe aAfawkbl KabblK, >KacyllaAapbl MEH Cy
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bIAFAA KOPbIH CakTayfa GeniMAEAy CTpaTernscbiH KOPCETEA; aA eKiHLL TYPAE MaAMCAATbl ME3O(UAA
KaKCbIpak, AAMbIFaH XK8He YAMa OALEeMAEPIHIH TYPaKTbiAblFbl GanKkaAaAbl, 6YA (hOTOCUHTETUKAADIK,
™mnTeri 6enimaeayai GirAipeAi. AAbiHFaH HaTMXKeAep Eremurus TybICbIHbIH, SKOAOTMSABIK, MKEMAIAITI
MeH TypilWiAik e3repriwTirii OpTaAblk, A3MSHbIH TayAbl XX8HE TayAbl €TEeriHAEri 3KOXXYMeAep >KarAa-
MbIHAQ HaKTbIAQyFa MYMKIHAIK O6epeai.

Ty#in ce3aep: Asphodelaceae, apantauns, aHatomus, Eremurus, Ine AaaTaybl.
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CpaBHUTEAbHbII aHATOMMYECKMIH aHaAM3 BUAOB Eremurus robustus
u E. tianschanicus npouspacTatowmnx B 3auAMiickom Aratay

Poa Eremurus (Asphodelaceae) sBasieTcsi oaHOM M3 xapakTepHbiX rpynn Aopbl LleHTpaAbHoM
A31N, OTAMYAIOLLENCS AEKOPATUBHOM LIEHHOCTBIO M MPUKAQAHBIM 3HAYEHMEM B HAPOAHOM MEAMLIMHE.
OAHako aHaTomMuyeckas CTPYKTypa ero npeACTaBUMTEAen B Pa3AMUHbIX 3KOTOMax M3yveHa HepAOCTa-
TOUHO. Lleabio paboTbl ObIA CPABHUTEAbHbIN AHATOMUYECKMIA aHAAU3 ABYX BUMAOB, MPOM3PACTAIOLLMX
B npeaeAax 3anamickoro Aaatay. B kauectBe Matepuasa MCMoOAb30BaHbl AUCTbS M CTEOAM PACTEHUN,
umkemnpoaHHble B 70% cnvpTe n 06paboTaHHble Mo CTAaHAAPTHOW MMCTOAOMMYECKON METOAMKE C Ma-
pacrHOBO 3aAMBKONA. [onepeuHble cpesbl TOALLMHON 40 MKM ObIAM M3rOTOBAEHbI C MOMOLLbIO MUKPO-
TOMA M M3yYeHbl METOAOM CBETOBOM MMKPOCKOMMM C UMPPOBON (pOoTOAOKyMeHTaumern. MopdomeTpu-
YeCKMe M3MEPEHMS BKAIOYAAM TOALUMHY 3MMAEPMMCA, Pa3Mepbl MAAMCAAHOTO Me30(IMAAQ, AMAMETP
BOAOHOCHDBIX KAETOK AMCTA, @ TakXKe TOALUMHY 3MMAEPMMCA, Pa3Mepbl KAETOK NMEPBUYHON KOPbl U BO-
AOCOOPHbBIX KAETOK cTeOAS. MccaepaoBaHMe MoKa3ano, uto 06a B1AA 06AAAQIOT KCEPOMOPHbBIMM MPM-
3HaKaMM: OAHOCAOMHbBIN 3MMAEPMUC C YTOALLEHHOM KYTUKYAOM M MOTPY>KEHHbIMU YCTbULLAMM, HaAMYMe
MaAMCaAHOTO Me30(MAAA 1 BOAOHOCHDBIX KAETOK B AMCTbSX, XOPOLLO Pa3BUTble MPOBOASLIME MyYKkn. B
cTebAe BbISIBAEHbI MAOTHbIN 3MMAEPMUC, NEPBUYHAS KOPa M KOAAATEPAAbHbIE MyYKM C BOAOHOCHBIMM
KAETKaMU. MexAy BuAaMM OOHApPY>KeHbl pasAMums: y NepBoro GoAee KPyrHble KAETKM MepBUUHOM
KOPbl U BOAOHOCHbIE IAEMEHTbI, YTO YKa3blBaeT Ha BAAro3arnacatollyio cTpaTermio, y BToporo — 6oaee
Pa3BUTbINA NAAUCAAHDINA ME30UAA U CTABUABHOCTL PA3MEPOB TKaHei, oTpaxkatolme (hOTOCUHTETUYE-
CKMI TMN apantaumnu. IoAyyeHHble pe3yAbTaTbl MO3BOASIOT YTOUYHUTb 3KOAOTMYECKYIO MAACTUYHOCTb
M BHYTPUBMAOBYIO M3MEHUMBOCTb POAQA Eremurus B yCAOBMSX FOPHbIX M MPEATOPHbIX 3KOocmcTem LleH-
TpaAbHOM A3uu.

KatoueBble caoBa: Asphodelaceae, apantaumu, aHatomus, Eremurus, 3ananinckmn Aaatay.

Introduction

The genus Eremurus M. Bieb. (Asphodelaceae)
is one of the most characteristic groups of Central
Asian flora, differing from closely related taxa in its
unique morphological features, in particular its leaf-
less inflorescence consisting of more than 50 flow-
ers, as well as its developed rhizome (Naderi Safar
et al., 2014; Hadizadeh et al., 2021). Two subgenera
are distinguished within the genus. The subgenus Er-
emurus is characterized by light brownish-green or
cream-colored tubular and bell-shaped flowers with
concave perianth leaves, on the underside of which
there are three or five veins; the staminal filaments
are protruding in most cases. Subgenus Henningia,
on the contrary, includes species with white, pink,
or yellow flowers of the rotary type, usually with
enclosed stamen filaments and perianth leaves with
one vein (Chukavina, 1985; Ahmad et al., 2014; Ha-

dizadeh et al., 2020; Farhadi et al., 2023; Koohkesh
et al., 2020; Jang et al., 2024).

Species of the genus Eremurus are highly deco-
rative and are known in cultivation as «foxtail lil-
ies» or «desert candles» due to their large and bright
spike-like  inflorescences  (Abdulwahid-Kurdi,
2025). Along with their decorative use, they also
have practical significance: some species are used to
produce bio-oil (Aysu et al., 2015), adhesives, and
as a source of pharmacologically active compounds
with antibacterial, anti-inflammatory, and anti-
protozoal properties (Gaggeri et al., 2015; Zare et
al., 2018). In traditional medicine in Central Asian
countries, the roots and leaves of Eremurus are used
as a remedy for a number of diseases (Dushchanova
etal., 2023a).

Foreign researchers have conducted a series
of comprehensive studies on the morphological,
phylogenetic, and phytochemical characteristics of
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Central Asian representatives of the Eremurus ge-
nus. Iranian scientists have conducted a comprehen-
sive review of the species of the genus, including
an analysis of their phytochemical composition,
pharmacological properties, and traditional uses
(Alhalak & Sekerler, 2025). In addition, specialized
phytochemical studies of the roots of Eremurus lu-
teus have been carried out (Shahrampour & Razavi,
2022, 2023). Earlier, about a decade before these
studies, phylogenetic studies of the genera Erem-
urus, Asphodelus, and Asphodeline were conduct-
ed in Iran, based on the analysis of trnL-F plastid
sequences and nuclear ITS DNA loci. Researchers
from Uzbekistan, in particular D. Mahmudiev and
co-authors, have carried out morphological, ana-
tomical, and molecular genetic studies, as well as
developed identification keys for species growing in
the Republic of Uzbekistan. Based on a comparative
analysis of distribution areas, the authors concluded
that the probable center of origin of the genus Erem-
urus is Central Asia (Makhmudjanov et al., 2022,
2024). In India, a comprehensive study was con-
ducted on the species Eremurus persicus (Jaub. &
Spach) Boiss. — an indigenous medicinal plant of
the Western Himalayan flora (Verma et al., 2023).

Anatomical studies of representatives of the
genus have been conducted repeatedly and have
revealed both common and specific characteristics.
Thus, Bahrim et al. (Bahrim et al., 2020), studying
the anatomical structure of the leaves of E. him-
alaicus, E. robustus, and E. stenophyllus, revealed
a phylloid leaf structure with reverse orientation of
the conducting bundles, a single-layer epidermis
with a thin cuticle and numerous stomata, as well
as a mesophyll represented by large rounded paren-
chyma cells. At the same time, the stomatal appara-
tus in E. stenophyllus and E. himalaicus is located at
the same level as the epidermis, while in E. robustus
it is submerged below the surface. In addition, the
assimilation parenchyma in the first two species is
significantly better developed than in E. robustus.

Similar adaptive features have been identified
in Eremurus lactiflorus, studied using plant material
from the Tashkent Botanical Garden (Dushchanova
et al., 2023b). In this species, the epidermis consists
of a single layer of cells with a thin cuticle and nu-
merous stomata, while the mesophyll consists of
large parenchyma cells with extensive intercellular
spaces, indicating xeromorphic adaptations to arid
climate conditions.

Despite the available data, comparative ana-
tomical studies of species of the genus Eremurus
growing in the Zailiyskiy Alatau remain limited.
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Meanwhile, this region is one of the centers of their
diversity and is of interest both for understanding
plant adaptations to mountain xerophytic conditions
and for clarifying intraspecific variability.

The aim of this study is to conduct a compara-
tive anatomical analysis of two species of the genus
Eremurus (E. robustus and E. tianschanicus) grow-
ing in the Zailiyskiy Alatau, identifying common
and specific anatomical features that reflect their
adaptation to the mountain ecosystems of the region
and allowing us to clarify the taxonomic and eco-
logical significance of these structures.

Materials and methods

The object of study are two closely related spe-
cies of the genus Eremurus M. Bieb. (Asphodela-
ceae) growing within the Zailiyskiy Alatau — Er-
emurus robustus Regel and Eremurus tianschanicus
Pazij et Vved. ex Pavlov. (Fig. 1). Both taxa are
characteristic representatives of the mountain flora
of Central Asia and play an important role in the for-
mation of meadow and forest-edge communities in
the foothills and lower mountain belts (Chukavina,
1985; Goloskokov, 1958).

Eremurus robustus is one of the largest plants of
the genus, distinguished by its tall generative shoots,
reaching 200 cm, and broad strap-like leaves up to
3-6(-8) cm wide. The inflorescence is dense, multi-
flowered, up to 40-100 cm long. The flowers are large,
bell-shaped, pink (rarely white), the perianth reaches
15-17 mm in length and has a yellow spot at the base
of the lobes. The stamens are slightly shorter than the
perianth. The fruit is a rounded, smooth, spherical cap-
sule, relatively large, up to 2030 mm in diameter. The
seeds are gray, with a widely developed wing (Golos-
kokov, 1958; Townsend, 1980) (Fig. 2).

Eremurus tianschanicus is generally smaller
than the previous species, reaching 50-150(-200)
cm in height. The leaves are linear or linear-oblong,
narrower, 1-3 ¢cm wide, and bluish-green in color.
The inflorescence is usually narrower and less dense
than that of E. robustus. The flowers are pale pink,
with a perianth 10—12 mm long, also with a yellow
spot at the base of the lobes. A characteristic feature
is the different length of the stamens: two filaments
are noticeably longer than the perianth, while the
others are equal to or shorter than it. The fruit is a
spherical capsule, significantly smaller than that of
E. robustus, up to 10 mm in diameter, which is one
of the key diagnostic features. The seeds are gray,
with a narrow wing (Chukavina, 1985; Goloskokov,
1958; Khokhryakov, 1965) (Fig. 2).
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Figure 1
Map of material sampling points for anatomical studies
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Figure 2

Species of the genus Eremurus. A — Eremurus robustus; B-E — tianschanicus

Both species bloom in June—July and are con-
fined to various ecotopes of the Zailiyskiy Alatau.
E. robustus is found mainly on meadow slopes and
in subalpine communities, while E. tianschanicus
is confined to rocky and loess foothill slopes with
more xerophytic growing conditions.

Anatomical preparations were performed in ac-
cordance with standard histological protocols. Sam-
ples intended for sectioning were first fixed in 70%
ethanol. To facilitate high-quality cross-sectioning,
the material was frozen and then poured into his-
tological paraffin poured into special 15x15 mm
molds. Cross-sections were obtained using a rotary
semi-automatic microtome (MEDITE M530, Burg-
dorf, Germany) with a section thickness of 40 um.
Microscopic examination of anatomical structures
was performed using a digital microscope (Leven-
huk Zoomé&Joy, Hong Kong, China) equipped with
a Levenhuk D740T 5.1 camera. Image acquisition
and morphometric measurements were performed
using LevenhukLite software, version 4.12.28273
(Levenhuk, Inc., Tampa, Florida, USA). Biometric
parameters were statistically processed; mean values
and standard errors were calculated using the Data
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Analysis function in Microsoft Excel (Islamgulova
et al., 2025).

Results and discussion

The anatomical structure of the vegetative organs
of Eremurus robustus and E. tianschanicus is char-
acterized by typical features of xeromorphic plants,
reflecting their adaptation to arid habitats. The leaves
of both species have a clearly defined cuticle and a
single-layer epidermis with stomata immersed in the
tissue, which reduces transpiration. The mesophyll
contains a palisade layer that provides photosynthetic
activity and specialized water-bearing cells that ac-
cumulate moisture. The conducting bundles are well
developed and evenly distributed, which ensures ef-
ficient transport of water and assimilates (Fig. 3).

The stem of both species is characterized by a
dense cuticle and epidermis, under which there is a
primary cortex with parenchyma cells. Inside, there
are collateral-type conducting bundles with xylem
and phloem, as well as well-developed water-con-
ducting cells, which give the organs additional re-
sistance to arid conditions (Fig. 4).
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Figure 3

Anatomical structure of leaves of two species of the genus Evemurus. A-B: Eremurus robustus;
C-D: E. tianschanicus: ¢ — cuticle; ep — epidermis; sa — stomata; pal — palisade mesophyll;
vb — vascular bundle; wc — water-conducting cells

Figure 4

Anatomical structure of the stem of two species of the genus Eremurus. A-B: Eremurus robustus;
C-D: E. tianschanicus: ¢ — cuticle; ep — epidermis; cx — primary cortex, par — parenchyma;
vb — vascular bundle; xy — xylem; ph — phloem; wc — water-conducting cells
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To identify interspecific differences in the
anatomical structure of the leaf and stem in
Eremurus robustus and E. tianschanicus, mor-
phometric measurements of the main tissue
components were performed. The table shows
the thickness of the epidermis, the size of the
palisade mesophyll and water-conducting cells
of the leaf, as well as the thickness of the epi-

Table 1

dermis, the diameter of the primary cortex cells
and water-collecting cells of the stem. The use of
statistical parameters (mean value, standard er-
ror, standard deviation, minimum and maximum
values, confidence interval) allowed us to objec-
tively assess the degree of variation in traits and
establish the characteristic differences between
each species (Table 1).

Morphometric measurements of the main tissue components of Eremurus robustus and E. tianschanicus

Eremurus robustus

Leaf Stem
Thickness of  Palisade Diameter of  Thickness of  Diameter of Diameter of
the epidermis, — mesophyll, — water-bearing the epidermis, primary cortex water collection
wm wm cells, um um cells, um cells, um
Mean 21,54 65,61 62,12 22,38 32,99 55,69
Standard error 0,41 1,91 18,34 0,39 4,03 7,09
Standard deviation 0,92 4,27 41,02 0,87 9,01 15,86
Minimum 20,73 61,15 21,52 21,60 22,06 35,84
Maximum 22,94 70,95 126,21 23,73 44,26 78,14
Confidence level (95.0%) 1,14 5,30 50,93 1,08 11,19 19,69
E. tianschanicus

Leaf Stem
Mean 20,36 70,03 60,97 21,88 13,35 49,73
Standard error 0,96 1,93 10,81 0,68 1,04 7,32
Standard deviation 2,15 4,32 24,18 1,52 2,34 16,38
Minimum 17,46 65,81 34,62 19,39 10,80 29,27
Maximum 23,02 76,02 97,42 23,24 16,42 70,25
Confidence level (95.0%) 2,66 5,36 30,02 1,88 2,90 20,34

The anatomical structure of the leaves and stems
of Eremurus robustus and E. tianschanicus demon-
strates both common features characteristic of rep-
resentatives of the genus and a number of interspe-
cific differences reflecting their adaptive strategies.

Analysis of the leaf epidermis revealed that
E. robustus has a slightly thicker epidermis (aver-
age thickness of 21.54 pm) compared to E. tian-
schanicus (20.36 um). Although the difference is
not significant, it indicates a denser outer cell wall
in the former species, which may increase resistance
to moisture evaporation. At the same time, E. tian-
schanicus has a wider range of epidermal thickness
variation (from 17.46 to 23.02 pum), which reflects
the higher ecological plasticity of this trait.

The palisade mesophyll in E. tianschanicus is
significantly better developed: its thickness aver-

104

ages 70.03 um, while in E. robustus this figure is
65.61 pm. The increased thickness of the mesophyll
indicates a larger area of photosynthetically active
tissue, which may contribute to more intensive ab-
sorption of solar radiation in the mountain and foot-
hill biotopes where this species is widespread.

The water-bearing cells of the leaf in both spe-
cies have similar average values (62.12 um in E. ro-
bustus and 60.97 um in E. tianschanicus). However,
in E. robustus, this indicator has a high amplitude
of variation (from 21.52 to 126.21 pm), which in-
dicates heterogeneity of the structure and, prob-
ably, the ability to form reservoir cells of different
sizes depending on hydrothermal conditions. For
E. tianschanicus, the variations are less pronounced
(34.62-97.42 pm), which indicates a more stable or-
ganization of this tissue.
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The differences between the species are even
more pronounced in the structure of the stem. The
thickness of the epidermis in both species is similar
(22.38 um in E. robustus and 21.88 pum in E. tian-
schanicus), which corresponds to the general pattern
for the genus. However, the cells of the primary cor-
tex in E. robustus are significantly larger (32.99 pm)
compared to E. tianschanicus (13.35 pm). This in-
dicates a more pronounced development of paren-
chyma tissues in the former species, which perform
the function of mechanical support and storage of
nutrients.

The diameter of the water-collecting cells in the
stem is also higher in E. robustus (55.69 pm versus
49.73 um in E. tianschanicus). The increased size
of these cells allows them to accumulate a greater
volume of moisture, which is an important sign of
xeromorphic adaptation. In E. tianschanicus, the
water-collecting cells are smaller but more uniform
in structure, which may be associated with the opti-
mization of moisture distribution when growing in
conditions of more stable moisture.

Anatomical differences in the structure of the
leaves and stems of Eremurus robustus and E. tian-
schanicus are closely related to the characteristics of
their ecological niches.

Eremurus robustus is a more robust and larger
species found in the foothill plains and lower eleva-
tions of the Zailiyskiy Alatau. These areas are char-
acterized by a continental climate with sharp tem-
perature fluctuations and long periods of drought.
In such conditions, the plant’s ability to accumulate
and conserve moisture becomes crucial. This ex-
plains the larger diameter of the primary cortex cells
and water-collecting cells in E. robustus. Their size
allows them to store significant amounts of water
and nutrients, which ensures resistance to dry pe-
riods and maintains turgor in the tissues. The wide
variability in the size of water-bearing cells indicates
the high plasticity of this trait, reflecting the species’
adaptability to uneven moisture and seasonal fluc-
tuations in water balance.

At the same time, the thicker epidermis of E.
robustus leaves provides additional protection from
intense solar radiation and reduces transpiration
losses. Thus, the anatomical structure of this species

forms a xeromorphic complex of adaptations fo-
cused primarily on moisture storage and resistance
to the stressful conditions of arid ecosystems.

Eremurus tianschanicus, on the contrary, is con-
fined to the mountainous and foothill areas of the
Zailiyskiy and Kungey Alatau ranges, where mois-
ture conditions are relatively more stable due to
higher precipitation and snowmelt feeding the soil.
In these habitats, the key factor for adaptation is not
so much moisture storage as the increased efficien-
cy of photosynthetic processes under conditions of
strong solar radiation. The more developed palisade
mesophyll in E. tianschanicus reflects this strategy:
the increased thickness of photosynthetically active
tissue ensures more complete utilization of light en-
ergy and promotes the accumulation of organic mat-
ter.

This species has smaller diameter primary cortex
and water-collecting cells, which is compensated by
their structural stability and more uniform distribu-
tion. This indicates that E. tianschanicus does not so
much store moisture in large volumes as optimize its
use under relatively favorable moisture conditions.
The wider range of variation in the thickness of the
epidermis and palisade mesophyll indicates the high
ecological plasticity of the species, which allows
it to adapt to various microclimatic conditions of
mountain slopes.

Conclusion

A comparison of the anatomical features of the
two species leads to the conclusion that E. robustus
exhibits a «moisture-storing» strategy typical of
plants in arid ecosystems. Its structure is geared to-
ward moisture accumulation and survival in condi-
tions of severe seasonal aridization. E. tianschani-
cus implements a «photosynthetic type» strategy,
typical of more humid mountain habitats, where
the emphasis is on productivity and efficient use
of solar radiation. Differences in the anatomical
structure of the leaves and stems of these species
reflect different adaptation pathways within the
genus Eremurus, highlighting their ecological spe-
cialization within the arid and foothill ecosystems
of Central Asia.
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