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Anatomy of the vegetative organs of rare and
endangered species Crambe tatarica Sebeok. (Brassicaceae) growing
in the conditions of the Aktobe region

Abstract: The article presents the results of a study of the anatomy of the vegetative organs (roots, leaves
and petioles) of rare and endangered plant species Crambe tatarica Sebeok, growing in the Aktobe region
of Kazakhstan. The studied plants were collected from two populations: the first population was found
in the chalk mountains of Akshatau, in the vicinity of the village of Koktogay, the Wilsky district, and
the second population was found in the chalk mountains of Ishkargantau, the village of Karabulak, the
Khobdinsky district. This species belongs to mesoxerophytes and calcephytes. According to the available
literature, in Kazakhstan C. fatarica has the status of 3b (R) — rare, relict species. Some representatives
of the genus Crambe L. are important economic species because they are oilseed, melliferous, fodder and
medicinal plants. Study of the roots of C. tatarica revealed the presence of the phloem parenchyma, radial
rays, xylem parenchyma and cells of a mechanical tissue, brachisclereids. In the internal structure of leaf
numerous starch grains were noted in the parenchyma; brachisclereides were often found on periphery of
the leaf, and sclerenchyma cells were apparent in the center of vascular bundles. Large number of vascular
bundles was noted in the petioles; the outer wall of the epidermis cells was thickened. In the studied organs,
no large cells with a liquid content were found. The obtained information on features of the anatomical
structure of roots, leaves and petioles of C. tatarica will be used in the future for diagnostics of the raw plant

material, and in the studies of its phytochemical composition.
Key words: anatomical, morphological features, vegetative organs, rare, endangered species.

Introduction

Study of the biology of rare and endangered plant
species as the most vulnerable elements of changing
ecosystems is closely related to the conservation of
biological diversity. Such species are carriers of a
valuable biological information; they are good indi-
cators of a scientific value of a certain territory for
its further assignment to the status of specially pro-
tected. One of such species is Crambe (C.) tartarica
Sebeok.

Genus Crambe L. has a broad area of distri-
bution, from the Macaronesian archipelago to the
west of China and North India and from the Arctic
Polar Circle on the Scandinavian Peninsula to 5°
Latitude South in the north of Tanzania. This ge-
nus is represented in Macaronesia, Euro-Siberian,
Mediterranean, Sindico-Sahara, Iranian-Turkish,
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and Sudan-Zambezian (Ethiopia and Tanzania) re-
gions [1].

A critical review of the species composition
of the genus Crambe is presented in the works of
LI Khalilov [2]. According to the author, genus
includes 33 species belonging to 7 sections and 6
subsections. Prina [3] provided a taxonomic review
of 16 species and 5 intraspecific taxa of the genus
Crambe encountered from Eastern and Northern Eu-
rope to Central Asia. In Kazakhstan, there are four
species of Crambe: C. tatarica, C. kotschyana Boiss.,
C. edentula Fisch. et C.A. Mey. ex Karelin, and C.
orientalis L. [4], but only one species, C. tatarica,
is included in the latest edition of the Red Book of
Kazakhstan as a rare species of the 11" category [5].

C. tatarica is a southern European and Mediter-
ranean species. This is a perennial polycarpic, up to
90 cm tall. Root 60-120 cm long, fusiform, juicy.
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Plants single- or multi-stemmed, stems erect, with
sparse short stiff hairs, later naked. Leaves fleshy,
grey-green in colour; basal leaves large, on petioles,
up to 30 cm in length and 20 cm in width, twice
pinnate, with oblong-linear, toothed or incised
lobes, with stiff hairs, especially on the abaxial
side, later exposed; the uppermost leaves are linear,
entire. Flowers in dense paniculate inflorescence,
with honey smell; white, 4.5-5 mm in length. Pods
spherical, the upper segment of the pod is 4-5 mm
in diameter, tetragonous, mesh-rugose, with four
sharply prominent ribs, on the stalks up to 10 mm
in length. Dispersal is by seeds. Flowers are pro-
duced in April — May, fruits in June — August. The
species occurs in steppes, on stony-gravelly slopes,
and chalky outcrops. In Kazakhstan, it is found
in the Northern Pre-Caspian, Aktobe, Atyrau and
Kostanay regions, where the eastern border of its
range is located. Outside of Kazakhstan, the species
is found in the south of the European part of the for-
mer USSR, in the Crimea, Caucasus, Western Sibe-
ria (exclusively as an alien species) and in southern
Europe [5-8].

The rarity of the species, its vulnerability to an-
thropogenic impact resulted in the inclusion of C. ta-
tarica in the Red Books of the Ukraine, Moldova and
southern regions of Russia (Kursk, Belgorod, and
Volgograd regions) [9; 10].

Some members of the genus Crambe L. are of
great importance as oilseeds, melliferous, fodder and
medicinal plants, eg., C. abyssinica Hochst. The pro-
tein content of the seeds of this species is 45-50%,
and the oil content is up to 35%; the latter contains
55-60% of erucic acid [11]. Such characteristics
make it a valuable plant material in the production
of animal feed, biodiesel, and for some industrial and
pharmaceutical applications. As a consequence, this
species has been well studied [11-16].

Among Central Asian species, C. orientalis L.
and C. kotschyana Boiss. have been studied in Uz-
bekistan [17; 18].

C. tatarica has been studied in the Crimea and
the Lugansk natural reserve [6; 7]. The composition
of the oil obtained from the seeds of C. orientalis and
C. tataria var. tataria from Turkey and the chemical
composition and properties of the fibers [19; 20] have
also been studied. In their studies, scientists from the
Czech Republic compared the biochemical composi-
tion of C. tatarica plants obtained from the Ukraine
and grown in vitro and in vivo [21].

Due to the above, this species is of scientific and
practical interest, which justifies its further study. It
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should be noted that anatomical studies of the Ka-
zakhstani species C. tatarica have been carried out
for the first time.

Materials and methods

As a result of the field surveys in Aktobe region,
two C. tatarica populations were found: popula-
tion 1, in the chalk mountains of Akshatau, in the
vicinity of Koktogai settlement, Uilsky district; and
population 2, in the chalk mountains of Ishkargan-
tau, Karabulak settlement, Hobdinsky district. The
studied species belongs to the Pliocene desert-steppe
relics and is represented in the calcephylic floristic
complex of the Aktobe region [22-24]. C. tatarica
belongs to mesoxerophytes and calcephytes. Accord-
ing to the information on rare and endangered plants
of the Aktobe region, the species has the status of 3b
(R) —rare, relict species [25].

Anatomical preparations were produced follow-
ing the methods accepted in plant anatomy [26]. For
microscopic examination, the vegetative organs of C.
tatarica were taken. The microscopic studies were
conducted using plant material, which has been fixed
in a mixture of 96% ethanol, glycerine and water in
aratioof 1: 1: 1.

In accordance with the guidelines, the cross sec-
tions of the vegetative organs were produced in the
flowering phase, since it is in this phase that the
structural anatomical elements of the plant organs
have the greatest integrity.

The root sections were produced in the basal part
of the roots, every 2-3 cm along their entire length.
For the study, plants of a certain age were taken, but
the main attention was paid to the middle-aged gen-
erative plants, which provide the bulk of the raw ma-
terial for the study of the species.

Anatomical preparations were produced using
a microtome with an OL-ZSO freezing device (In-
medprom, Russia), and also by hand using ordinary
razors with a biconcave blade. The thickness of the
anatomical sections was 10-15 microns. For quan-
titative analysis, morphometric parameters were
measured using an MOV-1-15 eyepiece micrometer
(LOMO, Russia); with a lens x 10; magnification x
10, 20). Microphotographs of anatomical sections
were taken on an MC 300 microscope (Micros,
Austria) with a CAM V400 / 1.3M video camera
(jProbe, Japan).

Descriptions of morphological and anatomical
characteristics were made in accordance with the re-
quirements of the State Pharmacopoeia XI [27; 28].
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Results and discussion

As a result of the field trips in the Aktobe region
during the spring-summer of the growing season of
2018, two populations of C. tatarica were found and
surveyed.

Anatomical studies of the vegetative organs
of C. tatarica showed the following results. In the
anatomical structure of a root (cross section) with
10x10 and 10x20 magnification, the primary cortex
and central cylinder were clearly visible. The outer
layer was represented by a loose layer of periderm
cells. Cells with lateral appendages, that is, root
hairs, were noticed. The primary cortex consisted of
thin-walled cells of the parenchyma, oval in shape
and closely spaced. The primary sclerenchyma was
located along the edges of the primary cortex and
represented by groups of brachisclereid (isodiametric
sclereides) with lignified walls. The conductive ele-
ments of the secondary phloem were thin-walled, po-
lygonal, and brownish in colour; they were arranged
in small groups. The gaps between the conductive
elements were filled with parenchymal cells. Next
to the phloem was the cambial ring. The xylem was
represented by vessels forming radial rays. The pri-
mary xylem was of a diarch type. The xylem vessels
were arranged in cords along the radii of the root in
the form of rays. The larger vessels were located in
the center of the root, and next to them, towards the
surface of the root, were the vessels with a smaller
diameter. The biometric indicators were as follows:
the thickness of the primary cortex was 134.17 =2.80
um, the diameter of the central cylinder, 85.61 +7.86
um, the area of the xylem vessels, 133.25 + 10.10
um?. In the center of the root there was a core pa-
renchyma consisting of small loosely arranged cells;
round-shaped starch-containing inclusions were also
present (Figure 1).

In a cross section of a leaf of C. tatarica, large
cells of the upper epidermis with poorly sinuous walls,
slightly thickened cuticle layer and a small number of
stomata were visible on the surface (20x); the thick-
ness of the upper epidermis was on average 22.17 £+
0.20 pm, and the thickness of the lower epidermis,
28.21 £ 0.24 um. The stomata on both sides of the
leaf were surrounded by 2-4 periustic cells (anomo-
cytic type). In the upper epidermis, small, rare, ses-
sile, colorless or light brown glands consisting of 2-4
cells were found. The leaf of C. tatarica was a typi-
cal dorsoventral, hypostomatic leaf with the adaxial
side formed by tangently elongated cells. The cells of
the abaxial (spinal) epidermis had the same structure,
however their dimensions were sometimes smaller.
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On the adaxial (abdominal) and abaxial sides of the
leaf, simple trichomes were located, mainly concen-
trated along the veins. Large trichomes were formed
in the area of the main vein on the basal multicellu-
lar protrusions. The mesophyll was poorly differen-
tiated. The palisade tissue was represented by three
layers of cells slightly elongated perpendicular to the
surface, with numerous chlorophyll-bearing inclu-
sions. The spongy tissue was also formed by three
layers of isodiametric, closely arranged cells with
small intercellular spaces. The vein was a closed col-
lateral bundle. In the leaves of population 1 (Figure
2, a), there were two, occasionally three conductive
beams in the central vein, whereas in the leaves of
population 2 the number of beams reached 4-5. A
parenchymal lining was formed around the group of
conductive beams. In the central part, collenchyme
cells were located, which can be both above and be-
low the vein (Figure 2, c).

The diagnostic features of this species include the
presence of numerous starch grains in the leaf (Figure
3), in the peripheral part of the leaf there were often
brachisclereides or stony cells that form mechanical
elements of an approximately equal diameter in all
directions, otherwise they were parenchymal cells
with very thick walls, and in the center of the group
of conducting beams there were sufficiently devel-
oped collenchyme cells (Figure 4).

The anatomical structure of a petiole of C. fa-
tarica is characterized by the following features.
The petioles of plants collected in populations 1
and 2 had an identical structure; they were of a
radial type with well-developed numerous (15-27)
bundles. In cross section, a petiole had a grooved,
rounded shape. The abaxial (dorsal side) was
rounded, and on the side of the adaxial (abdomi-
nal) part there were scleretised parts of the petiole.
The uppermost layer was represented by large epi-
dermal cells of the oval and round shape, 15-20 um
in length and 30-45 pm in height. The outer wall of
the epidermal cells was slightly thicker, up to 1-3
um. The outer wall of the epidermal cells had ap-
pendages. The cuticle was 1-1.8 um thick, evenly
thickened, smooth; it evenly covered the petiole.
Under the epidermal layer of cells there were from
one to three layers of large collenchyme cells, 15-
30 um in diameter. From the periphery to the cen-
ter, there was an assimilation tissue consisting of
5-7 layers of chlorenchyma cells. The chlorenchy-
ma thin-walled cells, round or irregular in shape,
varied in size from 10 to 60 um. Collateral conduc-
tive bundles of different size were arranged in an
orderly manner in the central part of the petiole.
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The bundles were round and V-shaped. There were
8-10 large bundles, 3-4 of medium size and 4-5
small bundles. The parenchyma found between
bundles was not lignified. The xylem of the bun-

dles faced the center, and the phloem, the surface
of the petiole. The mechanical tissue was well de-
fined and formed by sclerenchyma cells, adjacent
to the phloem (Figures 5 and 6).

Figure 1 — Anatomical section of the root
(magnification 10x10 — a, b; 10x20 — ¢) of C. tatarica.
Note: 1 — periderm, 2 — brachisclereides; 3 — primary cortex;
4 — phloem; 5 — xylem; 6 — radial parenchymal rays;

a — the first population, b — the second population,
¢ — the general diagnostic signs of the two populations
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a b

Figure 2 — Anatomical section of the leaf of C. tatarica. Note: 1 — upper epidermis,
2 — lower epidermis, 3 — trichomes with multicellular base, 4 — mesophyll,
5 —xylem, 6 — phloem, 7 — collenchyma; a — the first population (magnification10x10),
b — the second populations (magnification 4x10)

Figure 3 — Mesophyll cells of the leaf of C. tatarica with Figure 4 — Collenchyma cells in the center of the group of
starchy grains (magnification10 x 40) conducting bundles of C. fatarica (magnification10 x 40). Note:
1 — lower epidermis, 2 — mesophyll, 3 — sclerenchyma,
4 — phloem, 5 — xylem vessels, 6 — collenchyma
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Figure 5 — Anatomical section of the petiole of C. fatarica. Note: 1 — epidermis, 2 — angle-shaped collenchyme, 3 — chlorenchyma,
4 — collateral beams, 5 — sclerenchyma; a — first population (magnification 4x10), b — second population (magnification 10x10)

Figure 6 — Anatomical section of the petiole of C. tatarica, first
population (magnification 10x10). Note: 1 — epidermis,
2 — angle-shaped collenchyma, 3 — chlorenchyma,
4 —xylem, 5 — phloem, 6 — sclerenchyma, 7 — collenchyme

When comparing the obtained results with the
data available from the literature [6], similar features
of the anatomical structure of the vegetative organs
of C. tatarica were noted. Thus, the layering of the
xylem and phloem parenchyma, and the well-devel-
oped primary cortex enable roots to perform the stor-
age function, which is indicated by a large amount
of starch-bearing grains in the root parenchyma. The
abundance of the parenchyma in combination with
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weak differentiation of mechanical tissues or lack
thereof is characteristic of highly specialized con-
tractile roots, which makes it possible to retract the
reproductive buds below the soil surface and thus
protect them from adverse conditions. The structure
of a leaf of C. tatarica revealed xeromorphic fea-
tures: the presence of a thickened cuticle, weak pu-
bescence, thickening of the outer walls of the epider-
mis, a small volume of intercellular spaces, and the
presence of a mechanical lining of the bundle. Leaves
developing in bright light had a higher degree of xe-
romorphism. In addition, a feature of an anatomical
structure characteristic of mesophytes was revealed:
the predominance of the spongy tissue over the pali-
sade tissue.

Conclusion

Thus, as a result of the study of the anatomical
structure of the vegetative parts (roots, leaves, and
petioles) of the plants of C. tatarica, it was found that
the phloem parenchyma, radial rays and xylem pa-
renchyma were well developed in roots, which did
not interfere with root contractility; brachisclereides
(cells of mechanical tissue) were also present. In ad-
dition, roots were characterized by an abundance of
non-lignified parenchymal tissues. In the case of
leaves, diagnostic characters included the presence
of numerous starch grains in the parenchyma; in the
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peripheral part, brachisclereides were often found;
and in the center of the conducting bundles, well-de-
veloped sclerenchyma cells. The structure of a leaf
was also characterized by the presence of numerous
round-shaped inclusions with liquid contents. The
stomatal apparatus was of an anomocytic type. The
petiole had a radial structure with well-developed
numerous bundles, the outer walls of epidermis cells
were thickened, the cuticle covering the petiole was
uniformly thickened. Repositories were absent in all
organs. The characteristic features of the anatomical
structure of roots, leaves, and petioles point to the
characteristics of mesoxerophytic and calcephytic
plants, which also include the species under study.
The data obtained can be used in the future for di-
agnostics of C. tatarica raw material of, and in the
study of the phytochemical composition of this spe-
cies.
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