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Abstract
Central Asia is one of the main centers of origin of bulbous geophytes, including the family Amaryllidaceae Juss. The anatomical features of many endemic, red-book bulbous geophytes are still poorly understood. The article
presents the results of a structural study of the inflated part of the stem (fistular), stem and pedicels of an endemic A. praemixtum species grow in two different environmental conditions in the Aktau mountain Nurata Range (Uzbekistan, Province Navoi) and in the conditions of introduction in the Tashkent Botanical Garden (Uzbekistan, Tashkent city). Diagnostic signs of vegetative organs were revealed and various combinations of xeromorphic and
mesomorphic signs were determined. Comparative anatomical study of vegetative organs of A. praemixtum is of great theoretical and practical importance in relation to taxonomy and ecology.
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1. Introduction
The study of endemic, rare, Red Book plant species is an urgent task today. In
this regard, we have undertaken a study of the structure of endemics—a representative of the genus Allium L. According to modern data, the genus Allium L.
unites more than 800 - 900 species distributed in the Northern Hemisphere [1].
In an independent family, the genus Allium was first identified by J.G. Agardh
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[2]. He combined a genus with strongly odorous substances, ally disulfides [3].
The independence of Alliaceae was proved by A.L. Takhtajan [4].
Because of the taste and aromatic qualities, some species of onions have long
been introduced into culture, but in many localities the population eats wild
species. The garlic smell and taste of onions are caused by garlic oil in all tissues,
the main part of which is disulfide—which contains a lot of sulfur [5].
Many onion representatives are edible, medicinal and decorative. In the food
onion—A. cepa L. found some useful substances: essential oil (up to 0.05%),
sugar (10% - 11%), consisting of glucose, fructose, sucrose and maltose inulin.
The leaves have vitamins—C (20 mg %), B2 (50 mg %), provitamin A (4 mg %),
citric and apple acids [6]. Some species of onions are different highly decorative
(A. giganteum, A. christophii, A. coeruleum) and are heavily requested by foreign flower companies [5].

2. Materials and Methods
Allium praemixtum Vved is a perennial, red-book, rare endemic bulbous plant
with a status of 1 [7].
The material was collected at the beginning of June 2018 from natural conditions growth in the Aktau mountain Nurata Range (Uzbekistan, Province Navoi)
and in the conditions of introduction in the Tashkent Botanical Garden (Uzbekistan, Tashkent city). Aktau—the remnant mountain, part of the Tamdytau
mountain system (the northern part of Tamdytau), consists of Silurian dolomitized limestone ridges with steep slopes. Length—about 20 km, height—974 m
above sea level with a rather dissected relief [8]. Tashkent Botanical Garden is
geographically located in the northeastern part of Tashkent, at an altitude of
473.3 meters above sea level; Сhirchik in the low adyr belt at an altitude of 450 480 m above sea level. The climate is sharply continental. The average annual
precipitation during the study was 337 mm, the average annual temperature
13.8˚C. Precipitation falls mainly in the autumn-winter and spring periods; soil
cultural-irrigated gray soils or irrigated sierozem [9].
The vegetative organs (inflated part of stem (fistular), stem and pedicels) from
the middle layer in the beginning of flowering period were examined. Morphological description and phenological observations were carried out in natural
habitats and in the conditions of introduction. Vegetative organs were fixed in
70% ethanol. The type of inflated part of stem (fistular), stem and pedicels mesophyll was defined on cross sections through the middle part. The sections were
made by razor, imbued with methylene blue, and were sealed in glycerol-gelatine. The studied tissues and cells are given according to K. Esau [10], N.
S. Kiseleva [11]. The measurements were carried out according to the standard
method [12]. The measurements were carried out in the tissues and cells of
plants in 30 times repetition using an MOV-1-15x eyepiece micrometer. The
micrographs of preparations were made with a Canon A123 digital camera under the microscope Motic B 1-220A-3. The measurements were carried out in
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thirtyfold replicates, calculated in average value, measurement errors and significance by Zaitsev’s formula [13] using a personal computer (MS-Excel program).

3. Results and Discussion
The structure of the inflated part of stem (fistular) of A. praemixtum in
conditions growth in the Aktau mountain, Nurata Range (Uzbekistan,
Province Navoi): On the cross section of a round shape. The structure of the
parenchymal-bundle type. The epidermis consists of a single row of cells, elongated oval, with a large diameter of 54.9 ± 0.37 μm in height. The walls of the
outer epidermis are thick—23.1 ± 0.18 μm.
The stoma is numerous, slightly immersed—19.2 ± 0.09 μm. Under the epidermis is located 6 - 7 row round-oval, macro cellular cortex parenchyma with a
diameter of 126.3 ± 1.13 µm, underneath there are single-row, few large lacteals
with a diameter of 35.1 ± 0.21 µm, which are localized through each 2 - 3 cortex
parenchyma (Figure 1; Table 1).

Figure 1. Anatomical structure of the inflated part of the stem
(fistular) A. praemixtum in conditions of nature (а1)-(а3) and introductions (b1)-(b3): (а1), (b1) scheme and detail; (а2), (b2) vascular
bundle and sclerenchyma; (а3), (b3) core. Magnification-100 micron.
Legend: HD-hydrocytic cells, CP-cortex parenchyma, Xy-xylem,
L-lacteals, Vb-vascular bundle, Px-parenchyma, SC-sclerenchyma,
Ph-phloem, E-epidermis.
DOI: 10.4236/ajps.2019.104038
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Table 1. Quantitative indicators of the vegetative organs of Allium praemixtum in two
different environmental conditions (n = 30).
Indicators

Navoi region

Tashkent

inflated part of stem (fistular)

54.9 ± 0.37

42.8 ± 0.39

stem

32.7 ± 0.47

48.7 ± 0.53

pedicel

18.6 ± 0.09

39.8 ± 0.33

inflated part of stem (fistular)

23.1 ± 0.18

20.3 ± 0.08

stem

18.6 ± 0.13

12.9 ± 0.07

pedicel

5.1 ± 0.04

11.4 ± 0.09

inflated part of stem (fistular)

19.2 ± 0.09

22.8 ±0.12

stem

-

19.5 ± 0.21

inflated part of stem (fistular)

126.3 ± 1.13

45.6 ± 0.37

stem

57.5 ± 0.61

73.8 ± 0.65

pedicel

25.5 ± 0.31

40.5 ± 0.53

inflated part of stem (fistular)

222.5 ± 2.31

102.3 ± 1.10

stem

68.1 ± 0.72

96.6 ± 0.87

pedicel

33.5 ± 0.47

28.5 ± 0.21

inflated part of stem (fistular)

35.1 ± 0.21

36.5 ± 0.41

stem

24.3 ± 0.17

42.7 ± 0.56

inflated part of stem (fistular)

31.2 ± 0.28

36.6 ± 0.29

stem

15.6 ± 0.09

31.5 ± 0.41

pedicel

10.5 ± 0.07

12.5 ± 0.09

Height epidermal cells, μm

The thickness of the outer
wall of the epidermis, μm

Submergencestomata, μm

Diameter cortex
parenchyma, μm

Core: diameter
parenchyma, μm

Diameter lacteal, μm

The diameter of the vessels in
the conductive beams, μm

Note: Values that are significantly different from those of the nature and introduction of these species are
underlined.

There are large, elongated cells of the lining around the lacteal. Vascular bundles are located under the cortex parenchyma and over the sclerenchyma. Vascular bundles have very large and small vessels, phloem and xylem. In the Vascular bundles there are 2 large and 7 - 8 small vessels with a diameter of 31.2 ±
0.28 μm (Figure 1; Table 1).
The coreis extensive, the parenchymal cells are thin-walled, rounded-oval, and
there are hydrocytic cells in it. Due to the destruction of parenchymal cells, a
large cavity is formed in the central part of the core, which occupies all the internal parts of the fistular (Figure 1; Table 1).
The structure of the stem: On the cross section of the stem rounded shape.
The structure of the parenchymal-bundle type. The epidermis consists of one
row of cells, rounded, with a small diameter of 54.9 ± 0.37 μm in height. The
cuticle of the epidermis is slightly wavy, more thickened 18.6 ± 0.13 μm. Under
the epidermis, there are 5 - 6 rows of cortex parenchyma, with a diameter of 57.5
± 0.61 μm. Between the cortex parenchyma are less pronounced few lacteals, of
relatively small size 24.3 ± 0.17 μm, which are not tightly localized. There are
DOI: 10.4236/ajps.2019.104038
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cells with brown contents around the lacteals.Vascular bundles are located under
the cortex parenchyma and over the sclerenchyma. Vascular bundles have very
large and small vessels, phloem and xylem. In the Vascular bundles there are 2
large and 3 - 4 small vessels (Figure 2; Table 1).
The structure of the pedicel: The pedicle on the cross section is markedly
rounded-costal. The structure of the parenchymal-bundle type. The epidermis
consists of a single row of cells, oval in shape, with a small diameter of 18.6 ±
0.09 μm in height. The walls of the outer epidermis are thin—5.1 ± 0.04 μm.
Under the epidermis there is a 4 - 5 row, round-oval, small (25.5 ± 0.31 µm) and
thick-walled cortex parenchyma (Figure 3; Table 1).
The cortex parenchyma is detached from the central cylinder by a
sclerenchyma ring. Thin-walled sclerenchyma: In the central cylinder there are 3
vascular bundles. Vascular bundles are not sclerified, which consist of phloem
and xylem (Figure 3; Table 1).
The vessels are small, thick-walled 5 - 6. Most of the pedicel is occupied by
sclerenchymal cells (Figure 3; Table 1).
The structure of the inflated part of stem (fistular) of A. praemixtum in
the conditions of introduction in the Tashkent Botanical Garden: On the
crosssection of a round shape. The structure of the parenchymal-bundletype:
The epidermis is single-row, slightly tangentially-elongated, densely located. The
walls of the outer epidermis are relatively thick—20.3 ± 0.08 μm, the cuticle is
slightly wavy.
The stomata are numerous, immersed—22.8 ± 0.12 μm reach half the height
of the epidermal cells. The form of the epidermal cells is elongated—42.8 ± 0.39
μm in height, the side walls are thin.
Under the epidermis, there is 7 - 8 inline, round-oval, chlorophyll, small-cell
cortex parenchyma with a diameter of 45.6 ± 0.37 μm, under them are numerous
large lacteals with a diameter of 36.5 ± 0.41 μm, which are localized through
each 2 - 4 cortex parenchyma. There are cells with brown contents around the
crawlers. Vascular bundles of different sizes are located under the lacteals in the
periphery. Vascular bundles have very large and small vessels, phloem and xylem. In vascular bundles there are 10 - 11 large and small vessels with a diameter
of 36.6 ± 0.28 μm (Figure 1; Table 1).
The structure of the stem: On the cross section of the stem rounded shape.
The structure of the parenchymal-bundle type.
The epidermis is single-row, tangentially elongated 48.7 ± 0.53 μm in height,
densely located. The walls of the outer epidermis are relatively thick-walled—12.9
± 0.07 μm, the cuticle is slightly wavy.
The stomata are numerous, immersed—19.5 ± 0.21 μm reach half the height
of the epidermal cells. Under the epidermis there is a 1 - 2 row tangentially
elongated chlorophyll, small-cell cortex parenchyma with a diameter of 73.8 ±
0.65 μm, under them are numerous large lacteals with a diameter of 42.7 ± 0.56
μm, which are localized through each 2 - 4 cortex parenchyma. There are cells
with brown contents around the lacteals (Figure 2; Table 1).
DOI: 10.4236/ajps.2019.104038
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Figure 2. Anatomical structure of the stem A. praemixtum in
conditions of nature (а1)-(а3) and introductions (b1)-(b3): (а1),
(b1) scheme and detail; (а2), (b2) vascular bundle and sclerenchyma; (а3), (b3) core. Magnification-100 micron. Legend:
HD-hydrocytic cells, CP-cortex parenchyma, S-stoma, Xy-xylem,
L-lacteals, Vb-vascular bundle, Px-parenchyma, SC-sclerenchyma,
Ph-phloem, E-epidermis.

Vascular bundles of different sizes are located under the lacteals in the periphery. Vascular bundles have very large and small vessels, phloem and xylem. In
the Vascular bundles there are 2 large and 6 small vessels with a diameter of 31.5
± 0.41 μm (Figure 2; Table 1).
The structure of the pedicel: The pedicle on the cross section is markedly
rounded-costal. The structure of the parenchymal-bundle type. The epidermis is
single-row, the cells of its round-oval shape are 39.8 ± 0.33 μm in height,
however, some epidermal cells located under the ribs are conical in shape. The
outer wall of the epidermis is not thickened 11.4 ± 0.09 µm, covered with a thin
layer of the cuticle, the inner wall is thin, the surface of the cuticle is slightly
wavy. Under the epidermis there is a 4 - 5 row round-oval, thin-walled cortex
parenchyma. The cortex parenchyma is detached from the central cylinder by a
sclerenchyma ring (Figure 3; Table 1).
DOI: 10.4236/ajps.2019.104038
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Figure 3. Anatomical structure of the pedicel A. praemixtum
in conditions of nature (а1)-(а2) and introductions (b1)-(b2): (а1),
(b1) scheme; (а2), (b2) vascular bundle and sclerenchyma; Magnification-100 micron. Legend: CP-cortex parenchyma, Vb-vascular
bundle, Px-parenchyma, SC-sclerenchyma, E-epidermis.

Thin-walled sclerenchyma. In the central cylinder there are 3 vascular bundles.
Vascular bundles are not sclerified, which consist of phloem and xylem. The
vessels are small, thick-walled 6 - 7, with a diameter of 12.5 ± 0.09 μm. Most of
the pedicel is parenchymal tissue. The parenchymal cells are thin-walled,
rounded-oval (Figure 3; Table 1).
Thus, when studying the structure of the vegetative organs of A. praemixtum
in two different ecological conditions (in nature and introductions), xeromorphic and mesomorphic characters were first revealed. Xeromorphic signs:
thickened outer wall of the epidermis; small, numerous epidermal, parenchymal
cells; small, numerous, immersed stomata; thick-walled sclerenchyma cells;
small and numerous vessels in vascular bundles (Figure 4).
Mesomorphic signs: thin-walled, large, few epidermal and parenchymal cells;
not numerous, immersed stomata; large intermediate sclerenchymal cells; large
and few vessels in vascular bundles (Figure 4).

4. Conclusion
The identified structural diagnostic features of the vegetative organs are
species-specific, and show the adaptation of this species to the habitat conditions. Adaptive mesomorphic and xeromorphic signs are revealed. The species
that grows in natural conditions is dominated by more xeromorphic signs,
DOI: 10.4236/ajps.2019.104038
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mesomorphic signs

xeromorphic signs

60%
50%
40%
30%
20%
10%
0%
Navoi region

Tashkent

Figure 4. Correlation adaptive mesomorphic and xeromorphic signs
(n = 19) of the vegetative organs Allium praemixtum different ecological habitats conditions (nature and introduction).
which indicates the rarity of this species. In a species growing under the conditions of introduction of the Tashkent Botanical Garden, mesomorphic signs
predominate, which shows that the species is adapted to the altered conditions.
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