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Annotation: The article presents the results of studying the 

morphological and anatomical structure of species of the genus Allium  L. growing 
in arid conditions of the Syrdarya River valley (within the Kyzylorda region). The 
structure of the peduncle and leaf blade of two types of onions Allium  caspium 
(Pall.) M. Bieb is considered. (Caspian onion), A. sabulosum Steven ex Bunge 
(sandy onion). 

The species belong to different sections: A. caspium – Porrum Don., A. 
sabulosum – Haplostemon Boiss. The anatomical structure of these species is 
practically not studied. When analyzing the species, differences, features and 
similarities of their anatomical structure were revealed. It was noted that the cross-
section of the leaf blade of A. caspium has an elongated oval shape, and A. 
sabulosum has an almost rounded shape. Given the morphological and anatomical 
features of the leaf shape, probably the round shape of the leaf blade, A. sabulosum 
is more adapted to the arid conditions of the Syrdarya river valley. The stomatal 
apparatus in the epidermis of the peduncles of the Allium  species under 
consideration differs in the depth of location and their number. The anatomical 
structure of the roots is almost identical in both species. 



 
INNOVATIVE SCIENTIFIC RESEARCH                                 ISSUE № 3-1(17) MARCH 2022  

 

 
SCIENTIFIC NETWORK PUBLICATION       

~ 24 ~ 

Keywords: Allium  caspium, Allium  sabulosum, anatomy, leaf, peduncle, 
root, Syrdarya river valley 

 
 

АНАТОМИЧЕСКОЕ СТРОЕНИЕ ПСАММОФИТНЫХ ВИДОВ РОДА 
ALLIUM  L. ДОЛИНЫ РЕКИ СЫРДАРЬИ 

 
Д.Ш. Абдилданов, 

студент 4 курса факультета биологии и биотехнологии 

Казахского Национального университета имени аль-Фараби, КН МОН РК, 
лаборант, 

Института ботаники и фитоинтродукции КЛХЖМ МЭГПР РК 
Г.М. Кудабаева, 

к.б.н., в.н.с., 
Института ботаники и фитоинтродукции КЛХЖМ МЭГПР РК 

М.С. Курманбаева, 
д.б.н., проф. кафедры биоразнообразия и биоресурсов, 

КазНУ имени аль-Фараби, КН МОН РК 
Н.В. Курбатова, 

к.б.н., 
КазНУ имени аль-Фараби, КН МОН РК, 

г. Алматы 
 
Аннотация: В статье представлены результаты изучения 

морфологического и анатомического строения видов рода Allium  L., 
произрастающих в аридных условиях долины реки Сырдарьи (в пределах 
Кызылординской области). Рассмотрено строение цветоноса и листовой 
пластинки двух видов луков Allium  caspium (Pall.) M. Bieb. (лук каспийский), 
A. sabulosum Steven ex Bunge (лук песчаный).  

Виды относятся к разным секциям: A. caspium – Porrum Don., A. 
sabulosum – Haplostemon Boiss. Анатомическая структура этих видов 
практически не изучена. При анализе видов были выявлены различия, 
особенности и сходство их анатомического строения. Было отмечено, что 
поперечный срез листовой пластинки A. caspium имеет вытянутую овальную 
форму, а A. sabulosum имеет почти округлую. Учитывая морфологические и 
анатомические особенности формы листа, вероятно круглая форма листовой 
пластинки, A. sabulosum является более адаптированной к аридным условиям 
долины реки Сырдарьи. Устьичный аппарат в эпидермисе цветоносов 
рассматриваемых видов Allium  различается по глубине месторасположения и 
их количеству. Анатомическая структура корней почти идентична у обоих 
видов. 
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Introduction. 
Genus Allium  L. It is one of the largest genera in the family 

Amaryllidaceae in the world with about 800 species [1, 2]. The flora of Kazakhstan 
is very rich and bows occupy a special place. In the "Flora of Kazakhstan" [3], the 
genus is represented by 5 sections with 108 species, and 29 of them are endemic. 
In the understanding of Baitenov M.S. [4], the species composition of the genus 
already includes 140 species with 45 endemics, and V. Epictetov [5] includes 130 
species in the genus. Almost a third of the representatives of the genus are 
concentrated in the mountainous regions of Central Asia. Whereas in the desert 
zone the number of species composition is small. Despite the fact that the genus 
Allium  is represented by a significant number of species, there are very few 
publications reflecting the anatomical structure of species growing in arid 
conditions. Whereas, given the complexity in determining the bows, the anatomical 
structure is a qualitative species indicator that can be used as an additional 
parameter in the taxonomy of species of the genus. When describing the leaf blade 
of species of the genus Allium , at least 20 signs are usually used [6]. The nature of 
the leaves can be: flat, piped, and intermediate [7]. The studied Allium  species are 
characterized by: flat (Allium  caspium) and piped (A. sabulosum) leaf characters. 
Flat leaves are characterized by the standard structure of an ordinary leaf with 
distinct borders of the epidermis. For piped leaves, the identity of the upper and 
lower epidermis is characteristic, which makes it difficult to visually recognize 
them. 

Materials and Methods. 
The objects of the study are two types of onions: Allium  caspium (Pall.) 

M. Bieb. (caspian onion), A. sabulosum Steven ex Bunge. (sandy onion) Samples 
for the study were collected in natural growing conditions in the valley of the 
Syrdarya River (Kyzylorda region). The plants were selected in the flowering 
phase. Cross-sections of plants were made according to the generally accepted 
method of Barykina P.P. [8] on the freezing device OL-ZSO 30 (INMEDPROM, 
Russia). Fixation of anatomical sections was carried out in 40% ethanol. 
Anatomical preparations were made using a microtome with a freezing device OL-
ZSO (Inmedprom, Russia). Cross-sections were made using conventional blades. 
The finished sections were temporarily fixed with glycerin. Cross-sectional images 
were taken with a Levenhuk D 740T 5.1 M microscope at magnification x 180, x 
720, and x 1000 times. 
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Results and discussions. 
For anatomical analysis, cross-sections of peduncles, leaves, and roots of 

two onion species Allium  caspium (Pall.) M. Bieb. and A. sabulosum Steven ex 
Bunge were made. Systematically, these species belong to different sections: 
Porrum Don. (caspian onion), Haplostemon Boiss. (sandy onion) [9].  

The main morphological features of the Porrum Don. section. they are: a 
single bulb, spherical or ovoid, devoid of rhizomes. The stem is more or less highly 
clothed in the aboveground part by leaf sheaths. The species of the Porrum section 
are distinguished by the presence of internal three-part staminate filaments and 
have a fibrous root system. 

Characteristic features for the species of the section Haplostemon Boiss. 
they are: a single bulb, spherical, or oblong-ovate, devoid of rhizomes. The stem is 
more or less highly clothed in the aboveground part by leaf sheaths. Unlike the 
representatives of the Porrum section, the filaments of the stamens of the species of 
this section are whole or short-toothed. 

The studied taxa have distinctive features both at the sectional and at the 
species level. The number of leaves of the caspian onion is 2-3, the variety of their 
forms – from linear to wide-lancet; having a large surface, which is not for desert 
territories. characteristic. The width of the leaves is 15-25 mm. The leaf does not 
exceed the stem. The stem reaches 10-20 cm. 

In the sandy onion, the number of leaves is 3-4, they are thin, semi-
cylindrical, grooved, piped; which is more adapted to the desert zone. their width is 
about 1-2 mm. The leaf is shorter than the stem, the height of the stem reaches 20-
25 cm [10, 11]. 

These species are characterized by a slightly different ecological 
confinement, if Allium  caspium is a psammomesoxerophyte, then Allium  
sabulosum is a psammomesophyte. 

Anatomical section the structure of the caspian onion leaf (fig. 1, A, B) in 
cross-section has an oblong-oval shape. The outside is covered with a cuticle, 
under which there is a single-row layer of the epidermis. A simple hair is observed 
in the apical part above the cuticle (fig. 1, A). Under the epidermis, there is a 
columnar mesophyll, which is represented by loosely arranged cells. 

Further under the mesophyll is the main parenchyma. The structure of the 
main parenchyma is loose, its cells are large, have a slightly elongated shape. In 
the parenchyma, small and large conducting bundles of the closed collateral type 
are traced (fig. 1, C), which are located evenly along the entire circumference of 
the leaf. According to Abdullayeva A.T. and co-authors [12] and according to our 
data, the leaf is characterized by an isolateral-palisade type of mesophyll, the 
epidermis is slightly thickened and has a wavy cuticle, the stomatal apparatus is 
submerged.  
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Figure 1 – Anatomical structure of Allium  caspium leaf 

(1 – epidermis; 2 – columnar mesophyll; 3 – main parenchyma; 4 – conducting 
bundles; 5 – simple hair) 

 
The leaf of the sandy onion on the cross-section has an almost rounded 

shape, which is similar to the shape of the peduncle (fig. 2 A). The anatomical 
structure is similar to the caspian onion. On the outside, there is a thin layer of 
cuticle, under which there is a single-layer epidermis. This is followed by a 
columnar mesophyll. The cells of the columnar mesophyll, which are tightly 
adjacent to each other, are arranged in one row. 

A distinctive feature of this species is the presence of air-bearing cavities 
(aerenchyma) among the cells of columnar mesophyll. Single sclerenchyma cells 
are found under the layer of columnar mesophyll cells, which is another distinctive 
feature of this species. The structure of the main parenchyma is quite densely 
folded, its cells have a rounded shape and occupy the entire central part of the leaf 
blade. In the parenchyma, small and large conducting bundles of the closed 
collateral type are traced (fig. 2B), which are located evenly along the entire 
circumference of the leaf. 
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Figure 2 – Anatomical structure of Allium  sabulosum leaf 

(1 – epidermis; 2 – columnar mesophyll; 3 – single sclerenchyma cells; 4 – 
conducting bundles; 5 – main parenchyma; 6 – air cavities) 

 
The anatomical structure of the peduncles of A. caspium and A. sabulosum 

is shown in Figure 3. The structure of the peduncles is identical in the species 
under consideration. The cross-section of the peduncles is rounded in shape, 
covered on the outside with a slightly wavy cuticle. The single-layer epidermis of 
peduncles has a structure characteristic of bows. Numerous stomata of this species 
are deeply submerged. The epidermis is followed by a well-developed 
photosynthetic chlorenchyma, whose cells, unlike leaf cells, are arranged tightly 
together and consist of 3 rows. Non-specialized parenchyma is continuously 
located under the chlorenchyma. 

Further along the entire circumference of the peduncle, there is non-
specialized parenchyma, including sclerenchyma cells. Small conductive bundles 
are located between the non-specialized parenchyma and the central parenchyma. 
The outer and inner bundles have a closed-collateral type of structure (fig. 4). 

The differences in the anatomical structure of the peduncles of A. caspium 
and A. sabulosum include the fact that the cells of the sclerenchyma of the onion 
are less developed or occur singly. 
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Figure 3 – Anatomical structure of the peduncle: 
А – A. caspium; B – A. sabulosum 

(1 – epidermis; 2 – chlorenchyma; 3 – non-specialized parenchyma; 4 – central 
parenchyma; 5 – conducting bundles) 

 
Figure 4 – Structure of the conducting bundle of the peduncle: 

А – A. caspium; В – A. sabulosum 
(1 – xylem vessels, 2 – phloem, 3 – parenchymal cells) 

 
The anatomical and morphological structure of the subordinate roots of A. 

caspium (A) and A. sabulosum (B) (fig. 5) is represented by the primary structure. 
In general, the structure of the subordinate roots is identical. Outside, the roots are 
covered with single-row exoderm cells. Then there are 6 layers – in A. caspium (A) 
or 4 layers – in A. sabulosum (B) cells of the primary cortex, which end with 
single-layer endoderm, behind which the pericycle is located. The inner layer of 
the cortex is represented by a single layer of endoderm cells. The central cylinder 
is represented by elements of the primary phloem and primary xylem. The woody 
parenchyma is poorly developed. The phloem is 2-4 segmented, the sieve-like and 
satellite cells are located between the xylem blades, thin-walled. The number of 
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xylem and phloem groups of roots is individual for each of the roots. The caspian 
onion has one central vessel, and the sandy onion has smaller xylem vessel
5 (large central and 4 lateral). The xylem groups close together in the center of the 
root. There is no core in the roots. 

 

А (mag. х720) В (mag
Figure 5 – Anatomical structure of the roots: 

А – A. caspium; В – A. sabulosum 
(1 – exoderm; 2 – parenchyma cells of the primary cortex; 3 – 

primary phloem; 5 – vessels of the primary xylem)
 
Conclusion: 
Despite the fact that the studied species Allium  caspium 

belong to different sections of the genus, the analysis of anatomical structures 
showed both the presence of common features in their anatomical structure: leaf, 
peduncle and root, and the presence of differences. In the leaf of both species, there 
is a thickened outer wall of the epidermis and cuticle, the shape of the peduncle has 
a rounded shape. Conducting bundles of vegetative organs of closed collateral 
type. 

The cross-section of the leaf blade of the caspian onion has an oblong
oval shape, and the sandy onion has a rounded shape. The structure of the ped
in the species is almost identical, but the sandy onion has a larger number of 
stomata. Assimilation cells and parenchyma cells in caspian onions are less 
developed than in sandy onions. A distinctive feature of the sandy onion is the 
presence of air-bearing cavities among the cells of the columnar mesophyll, and 
under the layer of cells of the columnar mesophyll, there are single cells of the 
sclerenchyme. 

With regard to the structure of the roots, it should be noted that the 
caspian onion has more developed layers of primary cortex cells and there is one 
central xylem vessel, and the sandy onion has half as many layers of primary 
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cortex cells, the cortical cells are larger with thicker cell walls, and the xylem 
vessels are smaller in number 5 (1 larger central and 4 smaller lateral). 

Thus, according to the data obtained, the species of bows have 
pronounced features of the psammophytic organization of the anatomical and 
morphological structure. 

The work was carried out within the framework of the grant project 
AP09258929 "Prospects for using the correlation between the composition of the 
anthropophilic element of the flora of the desert part of the Syrdarya River valley 
and the type of land disturbance for forecast purposes" (2021-2023). 
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