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INTRODUCTION

Asteraceae is one of the largest families of 
angiosperms, which has the highest evolutionary 
status among dicotyledons, is widespread in the 
world, and most species are of great economic im-
portance as ornamental, food and medicinal plants. 
One of the most widespread medicinal plants of 
this family worldwide are the species of Arctium 
L., used as food and a rich source of secondary 
metabolites for the pharmaceutical industry. Arc-
tiin and its aglucone, obtained from burdock roots, 
can interfere with the early stages of avian influen-
za virus replication, as well as prevent the release 
of the virus in offspring in mammalian cells (Bi 

et al., 2012). Dicotyledons are the largest family 
in the class of dicotyledonous plants. Worldwide, 
this family includes 1150–1300 genera, 20,000 
species (Baytenov, 2001), and in Kazakhstan it 
has about 140 genera and more than 700 species. 
Arctium L. plants have been widely used in tradi-
tional medicine since ancient times. Its powder is 
prescribed for the treatment of feverish conditions 
and gastrointestinal disorders resulting from heat 
and poisoning, it has a number of antitumor, anti-
inflammatory, antidiabetic, antibacterial and anti-
viral properties. Burdock contains several chemi-
cal components, the main of which are lignans, 
volatile oils, fatty acids, terpenoids and phenolic 
acids (Strawa et al., 2020).
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Arctium tomentosum Mill. – spider burdock, 
found in all regions of Kazakhstan, but not high-
er than 2000 m in absolute height and excluding 
the southern deserts. Arctium tomentosum is used 
to treat skin inflammation, relieves discomfort in 
the stomach, and has a diuretic effect. It was con-
firmed that arctiin and arctigenin were found in 
extracts of its fruits (Zhou et al., 2011). Few fla-
vonoids (kaempferol, quercetin, luteolin and api-
genin derivatives), chlorogenic acid, as well as lu-
peol-3-acetate and β-sitosterol-3-O-glucoside have 
been isolated from methanol extracts of leaves and 
inflorescences of A. tomentosum. In addition, the 
content of phytosterols, tocopherols and β-amyrin 
in lipophilic extracts was determined, and the com-
position of fatty acids was studied (Strawa et al., 
2020). Water-soluble polysaccharides (glucofruc-
tans), pectin substances and hemicellulose were 
found in the roots of Arctium tomentosum (Tur-
dumambetov et al., 2004). Since plants are rich in 
various biologically active compounds, extracts 
from them have antimicrobial, anti-inflammatory, 
antioxidant properties, etc. In the study, Aitynova 
A.E. et al. studied the antimicrobial effect of an 
extract of Arctium tomentosum Mill. obtained by 
supercritical extraction with carbon dioxide. The 
results showed that the extract of Arctium tomento-
sum Mill. it has antimicrobial activity, therefore it 
can serve as a basis for the creation of phytoprepa-
rations for the treatment of diseases of microbial 
origin (Aitynova et al., 2022).

Burdock roots, leaves and fruits are used in 
folk medicine. Extracts of roots and leaves im-
prove metabolism and have a diuretic effect. They 
improve the functioning of the liver and pancreas, 
gastrointestinal tract. They are used to prevent di-
abetes by regulating the amount of glucose in the 
blood. In the treatment of cancer, burdock fruits, 
leaves and roots are used to reduce inflammation 
and irritation of acne, wounds and skin (Sederski 
et al., 2017). Many studies have been conducted 
on the activity and chemical composition of ex-
tracts of burdock roots, leaves and fruits. The ex-
tracts of burdock leaves contain arctiin and arc-
tigenin, flavonoid luteolin, quercetin, quercitrin 
and rutin, phenolic acids, and phenolic and dicaf-
feoylquinic acids from the root extract (Carlotto 
et al., 2016; Ferracane et.al., 2010).

Scientists have discovered a huge potential 
for using Arctium tomentosum in minimizing 
emerging environmental pollution problems. In 
simulated laboratory conditions, the growth and 
biochemical reactions of 14-day–old Arctium 

tomentosum seedlings to the effects of polymet-
als on the body, including Pb, Cu, Ni and Zn (1.0 
µm–10 mm) were studied in this work. The re-
sults showed a significant tolerance of A. tomen-
tosum to multimetals, which may be related to its 
potential role in phytoremediation programs of 
metals (Waad et al., 2017). According to Bi et al. 
(2012) A. tomentosum completes its life cycle ev-
ery two years. In the first year, it forms a rosette 
of leaves and a large fleshy taproot as a storage 
organ. In the second year, a rosette of large leaves 
is formed up to 45 cm long and 40 cm wide, with 
white hairs on the bottom. Subsequently, a green, 
woody, branched stem is formed up to 2 m high 
with flower heads at the ends of the branches. Af-
ter flowering, plants die off, and seeds with a bris-
tly-hooked structure spread, attaching to animal 
skin, fur, human clothing, etc. (Bi et al., 2012).

Arctium tomentosum Mill. It is found every-
where except in the southern deserts of Kazakh-
stan and above 2000 m above sea level. Biologi-
cally active substances inulins, essential oils, 
organic acids, bile substances, bitter protein and 
fatty substances, vitamins C, glycosides in grains 
– arctin and up to 20% of oils, mineral salts, pro-
teins, sugars, B vitamins, many ascorbic acids, 
carotenes were found.

The stem of Arctium tomentosum Mill. a well-
developed, erect, branched, ribbed, perennial her-
baceous plant 60–150 cm tall. The underground 
organ is somewhat thickened, thick, fleshy. The 
lateral branches are numerous, vertical or spread-
ing, green when young, brown by autumn, pubes-
cent. The inflorescence forms a spherical basket. 
His horse is thin, 17–20 mm long, 15–18 mm 
wide, strongly matted, pubescent, and in rare 
cases shiny. The flowers are bell-shaped, tubular, 
bisexual, there are two glandular outgrowths at 
the tip of the anther, the stigmas are long, ribbon-
shaped. The fruit is inversely conical, slightly 
long-sided, horizontally folded, grayish-brown, 
shiny, the peduncle is 2–3 times shorter than the 
seed. It blooms from July to September. It grows 
like a weed in gardens, parks, along roadsides 
(Baytenov, 2001).

MATERIAL AND METHODS

In winter, in the first decade of December and 
in spring, in the first decade of May, the seeds 
were sown on a specially prepared plot. The dis-
tance between the planted plants was 20–25 cm, 
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during the growing season, appropriate agro-
technical measures were carried out on the sown 
field. Biological (David, 2018) and mathemati-
cal (William, 2010) methods were used to pro-
cess the data obtained from the experiment. 
Phenological observations of plant growth and 
development were carried out every ten days. 
Methods were used to isolate the age-related 
conditions of plants in ontogenesis (Ontogenetic 
Atlas of Medicinal Plants, 2000). When describ-
ing shoots and studying the morphogenesis of 
underground organs of medicinal plants, meth-
ods were used to determine the depth of penetra-
tion and distribution of roots (Childibayeva et 
al., 2020, Mukhitdinov et al., 2001).

To study the anatomical structure of plants 
growing in natural conditions, alcohol, glycerin 
and water were fixed in a ratio of 1:1:1. Anatomi-
cal methods were used in the description of the 
anatomical structure of the objects of study, as 
well as in the preparation of drugs (Barykina and 
Veselova, 2004, Lotova, 2007).

Vegetative parts of the plant, leaves, stems 
and roots were taken for the study. When analyz-
ing the anatomical structure of vegetative organs 
of plants, they are boiled in a 5% solution of so-
dium hydroxide, washed with clean water and 
the epidermis is removed in a thin format with a 
scalpel. A number of anatomical preparations are 
prepared on an OL-ZSO microtome with a freez-
ing device (Inmedprom, Russia). For the purpose 
of quantitative analysis, morphometric indica-
tors are measured using an eyepiece micrometer 
MOV-1-15 (lens x 10, magnification x 40, 10, 4). 
Micrographs of the prepared anatomical prepara-
tions were taken on an MS 300 microscope (Mi-
cros, Austria) using a CAM V400/1.3M video 
camera (JProbe, Japan).

The object of the study is Plants of Arctium 
tomentosum Mill., collected from a herbaceous 
plant community from the slopes of the Trans–
Ili Alatau at an altitude of 1,680 m above sea 
level.The purpose of the study: To determine 
changes in morpho-ontogenesis and anatomi-
cal structure of the promising medicinal plant 

Arctium tomentosum Mill. During the study, the 
features of morpho-ontogenesis of medicinal 
plants Arctium tomentosum Mill. were studied. 
Asteraceae family in natural conditions. Seeds 
adapted for cultivation in natural conditions 
were collected on the southern slope of the 
plateau in the Terisbutak gorge, from various 
herbaceous plant communities, at an altitude 
of 1630 m above sea level. Coordinates N 43° 
5’27”, From 76°47 ‘6”W.

The territory of Kazakhstan is rich in vege-
tation. This is evidenced by studies on the mor-
phogenesis and structure of plants growing on 
mountain slopes, steppe plains and in desert re-
gions (Akhtaeva et al., 2022, Nurmahanova et al., 
2023), on physiological changes (Atabayeva et 
al., 2016, Atabayeva et al., 2018), on the accumu-
lation of biologically active substances (Özek et 
al., 2022, Popova et al., 2023).

RESULTS AND DISCUSSION

In the latent period, the fruit of the medicinal 
plant Arctium tomentosum Mill., developed from 
the paracarpic guinea during the dormant period, 
is single-nesting, single-seeded. The seeds are 
pyramidal in shape, the tip is slightly wrinkled, 
slightly ribbed, gray or black in color, oily. The 
seeds are very small and were planted on the sur-
face at a depth of 0.5–1 cm.

Control of seed germination and growth 
rate of Arctium tomentosum Mill. in its natural 
state, it was carried out in the open ground in a 
special nursery of the Aksai gorge. The forma-
tion of the first germinal root of the seed was 
observed on the 5–8th day after the rupture of 
the seed peel, and after 11 days the sprout ap-
peared on the soil surface. In the pregenerative 
period, it was found that in the first year all 
stages of age-related conditions, germination, 
juvenile, imatural and virginal, pass (Table 1). 
In the age-related state of the seedling (p), the 
appearance of a light germinal root is observed, 
a slightly curved hypocotyl protrudes from the 

Table 1. Biological characteristics of seeds of the studied medicinal plants

Types of plants

Seed

1000 seeds 
weight, g,

Age of 
plants, 
years

Laboratory In the conditions of sowing

Length Width
Germination 
of seeds on 

certain days, %

Seed 
productivity, %

Germination 
of seeds on 

certain days, %

Seed 
productivity, %

Arctium  
tomentosum Mill. 4.61 ± 0.12 2.57 ± 0.41 8.42 ± 0.28 2 Day 3, 35% 80% Day, 25% 49%
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soil surface. The upper part of the hypocotyl is 
reddish-brown, the lower part is pale yellow. 
The formed shoot is flat, with smooth edges, 
with two cotyledons. The first real leaf is vis-
ible on day 24–27, bright green. The second 
true arrow-shaped leaf with a thin sawtooth 
edge appears on the 42–44 th day. The germi-
nal root of the shoot is pale yellow, grows ver-
tically and penetrates into the soil to a depth of 
7–9 cm, has spreading 7–8 lateral roots of the 
first row about 1–2 cm long. The life cycle of 
a seedling is 42–45 days (Table 2, Figure 1).

Juvenile age condition (j). At this stage of 
development, the cotyledons dry up, and the 
size of these two pairs of leaves increases sig-
nificantly (Fig. 1). The shape of the leaves in-
creases, the veins become reticulated. In this 
state, the rhizome grows quite actively, pen-
etrates into the soil to a depth of 15–20 cm 

and gives the first row of many lateral roots. 
The length of the lateral roots of the first or-
der is 2.5–5 cm. The petioles and rhizomes are 
slightly thickened. In June, the plant enters the 
stage of immature state. The juvenile age con-
dition lasts 22–25 days (Table 2, Figure 1).

Immature age-related condition (im)

The plant has 3–4 leaves. The leaf blade is 
broadly ovate, with a solid edge. The diameter 
of the root reaches 0.5–0.7 cm. It retains its 
original shape and grows vertically, penetrat-
ing into the soil to a depth of 55–62 cm. The 
length of the lateral roots of the first order is 
10–21 cm, the length of the second order is 7 
cm. The duration of the immature age condi-
tion is about 33–35 days (Table 2, Figure 1).

Table 2. Morphological parameters of plants

Types of 
plants

Age-related 
condition

Plant height, 
cm

Leaves Roots

Quantity Length, 
cm Width, cm Penetration 

depth, cm

Length 
of the 

I-order, 
cm

Length ІІ- 
order, см

Length ІІІ- 
order, см

Length 
ІV- order, 

см

Arctium 
tomentosum 

Mill.

The seedling (p) 3.8 ± 1.21 2 0.82 ± 
0.21

0.42 ± 
0.78 8.71 ± 0.72 1.17 ± 

0.57 - - -

Juvenile (j) 7.2 ± 0.57 2–3 5.17 ± 
0.47 1.6 ± 0.41 17.1 ± 0.47 3.57 ± 

1.24 - - -

Immature (im) 17.23 ± 0.45 3–4 15.47 ± 
0.47

6.91 ± 
0.58 58.19 ± 1.28 19.21 ± 

0.78
7.61 ± 
1.24 - -

Virginian (v) 19.24 ± 1.29 5–6 25.69 ± 
2.45

14.56 ± 
1.21 137.4 ± 1.27 63.47 ± 

1.39
44.85 ± 

0.12
17.57 ± 

0.87 -

Generative (g) 140.2 ± 1.56 17–21 15.61 ± 
2.0

11.24 ± 
1.67 184.6 ± 0.96 93.54 ± 

1.28
78.14 ± 

0.62
9.49 ± 
0.89

1.12 ± 
0.51

Figure 1. Ontogenesis of Arctium tomentosum Mill. plants
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Virginal age condition (v)

During this period, the leaves developed be-
tween the juvenile and immature stages wither, 
and the shoots remain. In this state, there are 5–6 
large ovate leaves with a long petiole near the 
root neck, the edge is finely toothed, the lower 
part is deeply furrowed. The base of the leaves is 
flat, heart-shaped, with reticulated veins, 17–30 
cm long, 10–16 cm wide. The stem length of the 
aboveground leaves is 11–15 cm. The upper sur-
face of the leaf plate is mostly shiny, with a small 
number of small white hairs. The peri-dermal lay-
er of the stem forms rollers along the axis.

The germinal root grows vertically and pen-
etrates into the soil to a depth of 137–140 cm. 
Branching lateral roots 8–10.5 cm long extend from 
the germinal root, extending to a depth of 63 cm. 
In sowing conditions, the development of the plant 
in the first year ends with a virginal age condition. 
In this vital state, the plant has 5–6 well-developed 
long-stemmed leaves. The typical contour of the root 
system of Arctium tomentosum Mill. is fully formed 
in the first year, the germinal root, originating from 
the seed, is especially well developed. Branching in 
the first year is not very dense, which is typical for 
most biennial plants (Table 2, Figure 1).

Generative stage (g)

At this stage, the plant is divided into three 
life stages: young (g1), middle-aged (g2) and old 
(g3) generative states. In the first vital state (g1), 
inflorescences begin to form on the axial and lat-
eral branches of the plant. In this state, it has all 
the characteristics of an adult plant. Generative 
shoots reach III–IV rows. The lower leaves along 
the stem are 20 cm long and 12–15 cm wide, and 
the upper leaves are 2–3 times smaller than the 
lower ones. It begins to bloom in June and July. 

The diameter of the root neck is 2.5–3 cm, in 
the second vital state (g2) generative shoots in-
crease 1–1.5 times. Full-fledged flowering occurs 
in the third decade of July, the first and second 
decades of August. The leaves on the root neck 
gradually turn yellow. The diameter of the root 
neck reaches 3.5–4 cm (Table 2, Figure 1).

Old generative stage (g3)

This state of life is characterized by the gradual 
withering of the lower leaves of the plant stem and 
the mass maturation of seeds. In some places, the 

seeds remain immature. In this age-related state, 
the number of leaves of plants decreases, and their 
sizes increase slightly compared to the previous 
state. Generative activity is decreasing. Many dead 
branches, lateral roots and leaves can be observed. 
At this time, the height of the plant reaches 157 
cm. The generative state of life lasts 65–75 days.

In the second year, the diameter of the neck of 
the germinal root reaches 4.5–5 cm. The thicken-
ing of the root is especially noticeable in the soil 
layer up to 50 cm deep. The germinal root grows 
vertically, making small turns, and by the end of 
the second year penetrates into the soil to a depth 
of 285 cm. At this time, the lateral roots form two 
separate tiers. The first tier forms the first and sec-
ond rows of lateral roots from the germinal root 
at a depth of 45–55 cm. The roots of this tier ap-
pear from the germinal roots in the spring of the 
second year, reaching a length of 75–80 cm when 
there is enough moisture in the soil at this depth.

And the second tier is formed by the first and 
second rows of very large lateral roots extending 
from the germinal root to a depth of 90–100 cm. 
The first row of lateral roots grows parallel to the 
germinal root in the vertical direction and pen-
etrates to the same depth. In the second year, the 
length of the first row of lateral roots is 160–175 
cm, the second row is 150 cm, the third row is 
130 cm, the fourth row is 11 cm, the fifth row 
is no more than 1–3 cm (Table 2, Figure 1). The 
diameter of the root system of the plant reaches 
more than 2.5 m.

The post-generative period

Senile (s) and sub-senile (ss) age states repre-
sent transitions from an old generative state to a 
dying state due to the fact that the plant is bien-
nial. After the seeds have fully matured, the un-
derground and aboveground parts of Arctium to-
mentosum Mill. plants gradually wither and die (s). 
This is a regularly recurring phenomenon in bien-
nial plants, plant ontogenesis lasts 198–215 days.

Anatomical features of the structure 
of the vegetative organs of Arctium 
tomentosum Mill. in ontogenesis

The latency period. On the transverse and lon-
gitudinal sections, the seed is covered from the out-
side with a black-brown completely decomposed 
exocarpic layer with dead cells. Below it is a layer of 
mesocarp, the cells of which are densely arranged, 
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fibrous structure, light color, extend inward. After 
the mesocarp, the cells of the inner endocarp are 
densely located, brownish-yellow in color. The en-
docarp layer and cotyledons are separated by the 
epidermis of cotyledons. The cotyledon covers the 
entire inner cavity of the seed, it consists of two flat 
oval-shaped plates, on which the hypocotyl and the 
germinal root are visible (Figure 2).

The stage of germination

The outer cells of the hypocotyl on the cross 
section are rounded, both lateral membranes are 
thin, and the upper one is slightly thickened, cov-
ered with a large-cell epidermis. The cells under 
the epidermis are rounded or polygonal, with a thin 
shell. The central cylinder has procambium, proto- 
and metaxylemes and primary phloem, and the core 
radial parenchyma consists of multi-row collateral 
open conducting beams (Table 1, 2, 3, Figure 3).

Cotyledons of the dorsoventral-bifacial 
type. The mesophyll of the cotyledon is formed 
from a single homogeneous assimilating pa-
renchyma. Stomata are located slightly above 
the level of the epidermis. Mesophyll cells are 
homogeneous, but the shape is not defined ho-
mogeneous, the intercellular space is extensive, 
the conductive bundles in the mesophyll are not 
fully formed, they are formed from individual 
elements of the xylem and phloem. The stomatal 
stripes are clearly defined.

The germinal root of the seedling is round 
in cross section. The germinal root has a pri-
mary anatomical structure. The outer cells of 
the root are covered with deformed, decayed 
epiblem cells. The cells under the epibleme 
are large, of different sizes, with 1–2 rows of 
exoderm. The shell is voluminous, with 9–12 
rows of cells, the shell cells are thin-walled, 
rounded or polygonal in shape, with small 

Figure 2. Morphology and anatomical section of the seed of Arctium tomentosum Mill. (x 63)

a)

b)

c)
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Table 3. Anatomical parameters of plant leaves

Types of 
plants

Age-related 
condition

The size of the epidermis 
cells, microns The thickness 

of mesophyll 
cells, microns

Columnar mesophyll Spongy mesophyll

Number 
of rows

Layer 
thicknes,
microns

Cell, microns
Number 
of rows

Layer 
thickness,
microns

The upper 
one Lower Length Width

Arctium
tomentosum 

Mill.

The seedling (p) 49.75 ± 0.42 26.18 ± 0.35 324.16 ± 0.74 - - - - - -

Juvenile (j) 38.21 ± 0.90 22.54 ± 0.38 239.96 ± 0.57 - - - - -

Virginian (v) 40.26 ± 0.18 23.74 ± 0.18 - 1 53.64 ± 
0.23

47.34 ± 
0.88

12.31 
± 0.21 4–5 93.52 ± 

0.21

Generative (g) 25.49 ± 0.16 14.64 ± 0.29 - 1 44.48 ± 
0.18

38.41 ± 
0.96

9.24 ± 
0.62 3–4 44.46 ± 

0.24

Figure 3. Arctium tomentosum Mill. 
at the germination stage (x 63)

c)

a)

b)

intercellular spaces, the sizes decrease towards 
the endoderm, are densely arranged (Tables 1, 
2, 3, Figure 3). The central cylinder is tetrar-
chic, the row of the pericycle is clearly pro-
nounced. Metaxylemic tubes of primary xylem 
10–12, protoxylemic tubes 8–10. Parenchymal 
cells are thin-walled, rounded, fill the spaces 
between conductive elements or are located 
between them.

Juvenile age condition (j)

The leaf blade is dorsoventral in cross sec-
tion, the upper epidermis is clearly cuticulat-
ed. The cells of the upper epidermis are large, 
oval in shape, of different volumes, the two 
lateral and upper shells are thickened, the in-
ner one is thin. 

Columnar mesophyll is single-layered, cells 
of irregular square and oval shape, arranged in 
3–4 rows, with intercellular cells. Stomata are 
clearly expressed. Conductive bundles of leaf 
plates are formed from 2–3 elements of underde-
veloped xylem and phloem. The conducting bun-
dles are collateral closed. The xylem of the con-
ductive bundle consists of 5–7 vessels arranged 
in a straight chain, the total number is 25–27, and 
the elements of the sieve-like tubes of the phloem 
form 3–5 rows, the cells of the lower epidermis 
are large, thick-walled, oval-shaped, cuticulated. 
The row of the pericycle is not clearly defined. 
The parenchyma of the central cylinder, espe-
cially in the layers adjacent to the endoderm, are 
aerenchymal (Table 3, Figure 4). 

The vascular system of the root is tetraachal, 
wide-brimmed, formed on average by 15–24 sec-
ondary xylem vessels. The cambium is located 
in a circle between the xylem and the phloem. 
The walls of parenchymal cells are thin-walled, 
rounded or polygonal in shape, with small inter-
cellular spaces (Table 4, Figure 4).



332

Journal of Ecological Engineering 2024, 25(8), 325–335

Virginal age condition (v)

The mesophyll of the leaf blade is clearly 
dorsoventral. Columnar mesophyll is single-
row, with vertically arranged cells, irregular or 
regular square shape. The conductive bundles are 
collaterally closed, the xylem of the conductive 
bundle is arranged in the form of a chain of 5–7 
tubes, the lower one is surrounded by 1–2 rows 
of collenchyma, 3–5 rows of tissue fibers (Table 
3, Figure 5). The outside of the root is covered 
with deformed parenchymal cells and endoderm 
cells. Between the cycles there are elements 
of the parenchyma of the central cylinder and 

elements of the secondary phloem. The cambial 
row is clearly defined. Between the secondary el-
ements of the phloem and the endoderm there are 
large intercellular spaces and resin passages, inu-
lins. The function of the integumentary tissue is 
performed by partially preserved cells of the pa-
renchyma membrane and cells of the endoderm 
(Table 4, Figure 5).

Generative age condition (g)

The stem has a primary anatomical structure 
with an intermittent conductive bundle. The outside 
of the epidermis is covered with a wavy cuticle and 
bristly hairs, along the edges there are 1–2 rows of la-
mellar collenchymal cells. The cortical parenchyma 

Table 4. Anatomical parameters of plant roots

Types of 
plants

Age-related 
condition

The germinal root Wood thickness, microns
The area 
of xylem 
vessels x 
10–3 mm2

Diameter, mm
Diameter of 
the central 

cylinder, mm

Thickness 
of the bark, 

microns

The thickness 
of the 

secondary 
phloem

The thickness 
of the 

secondary 
xylem

Arctium  
tomen 

tosum Mill

The seedling (p) 768.14 ± 1.38 235.59 ± 0.43 264.15 ± 0.77 - - 21.18 ± 2.15

Juvenile (j) 1214.60 ± 1.21 993.56 ± 0.37 258.14 ± 1.54 - - 47.24 ± 0.43

Virginian (v) - - 244.51 ± 0.26 416.47 ± 0.82 367.12 ± 0.48 88.32 ± 0.29

Generative (g) - - 160.53 ± 0.25 457.43 ± 0.89 987.63 ± 0.87 159.15 ±  
0.94

Figure 5. Virginal age state of Arctium 
tomentosum Mill. (x 10)

a)

b)

Figure 4. Juvenile age status of 
Arctium tomentosum Mill. (x 10)

a)

b)
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in the protruding lateral areas forms 5–7 rows, in 3–5 
rows, the cells are rounded or polygonal, thin-walled, 
with weakly developed intercellular cells. The starch 
membranes of the cells are thin-walled, oval in shape, 
and form a chain. The central cylinder has conduc-
tive collateral open beams, separately located on two 
levels. The conducting bundles are large and small, 
small ones are located closer to the endoderm, and 
somewhat larger ones are closer to the center, sur-
rounded by a 10–12 – row sclerenchymal cap. The 

core parenchyma is usually voluminous, the cells are 
thin-walled, homogeneous intercellular, rounded or 
polygonal in shape, completely preserved. 

The cells of the upper epidermis of the leaf 
are rounded, protruding and slightly square, with a 
cuticle. Rare, slightly raised stomata are located in 
the epidermis. The columnar mesophyll is single-
row. The lower epidermis consists of oval, thin-
walled cells with many stomata. The conducting 
beams are collaterally closed (Tables 3, 4, 5, Fig-
ure 6). In the second year, the germinal root be-
comes much thicker than in the first year, reaching 
a diameter of up to 5 cm. The last layer of wood 
occupies 51.6% of the volume of the roots.

The root is characterized by an anatomical struc-
ture. Intensive root growth is directly related to the 
active development of sieve tubes. The outer part of 
the root section is dead, the secondary rows are pre-
served, are in the stage of rotting, has a thin shell, of 
various shapes, and are easily crushed. The cells of 
the endoderm are oval, square, thin-walled, arranged 
in a chain (Table 3, 4, 5, Figure 6).

During the flowering period, the roots of Arc-
tium tomentosum Mill are characterized by the 
most pronounced anatomical restructuring. The 
outer surface of the root is covered with paren-
chymal cells, completely decomposed, wrinkled, 
and similar to wear. The endodermal cells of the 
inner layer of the shell are also deformed (Tables 
3, 4, 5, Figure 6).

CONCLUSIONS

Based on the results of studying the morpho-
ontogenesis and anatomical structure of the veg-
etative organs of Arctium tomentosum Mill. The 
following conclusions were drawn in various age-
related conditions of life.

At the juvenile stage of life, there was a fairly 
active development of the germinal root, lateral 
roots appear. At the initial stage of life, the diam-
eter of the root neck was about 0.5–0.7 cm, with 
a depth of penetration into the soil of 55–62 cm. 

Table 5. Anatomical parameters of plant stems

Types of plants Age-related 
condition

The thickness 
of the primary 
crust, microns

Wood, мкм

Thickness 
of the core 

parenchyma, 
microns

Number of 
conducting 

beams

The area of 
xylem vessels, x 

10–3 mm2

Arctium tomen 
tosum Mill. Generative (g3) 296.68 ± 0.75 519.46 ± 1.91 1418.7 ± 2.47 39-48 79.84 ± 0.42

Figure 6. The generative age state of 
Arctium tomentosum Mill. (x 10)

a)

b)

c)
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The length of the primary lateral roots was 10–21 
cm, and the length of the secondary lateral roots 
reached up to 7 cm. In the virginal age state, the 
germinal root has sunk into the soil to a depth of 
140 cm. In the generative period, all the signs 
characteristic of the plant are formed. After the 
seeds have fully matured, the underground and 
aboveground parts of the plant gradually wither 
and die off.

On the cut of the seed of the plant, it can be 
seen that only the exocarp (pericarp) matures, and 
the mesocarp and endocarp develop as much as 
possible. The seed shell is lamellar, large, with-
out protein, the seed is well ripened. The structure 
of the hypocotyl of the shoot has an intermedi-
ate structure between the stem and the root. The 
cotyledons is leaf-shaped, the mesophyll is not 
fully developed, of a homogeneous type. In the 
hypocotyl section, a uniformly formed parenchy-
mal cover is visible, the elements of conductive 
tissues in the central cylinder are in the stage of 
neoplasm. Cotyledons of the leaf-like type, meso-
phyll of the dorsoventral type, the components of 
the xylem and phloem are not fully formed in it; 

Leaf blades in the juvenile age state have a 
dorsoventral type, mesomorphic structure. The 
main root of the plant is characterise by primary 
anatomical development. The secondary paren-
chyma of the phloem in the central cylinder is 
quite voluminous, well-developed, the function 
of the integumentary tissue at the root is per-
formed by the remnants of the parenchyma of 
the cortex. In the virginal age state, the size and 
shape of the mesophyll on the leaf blade section 
are stabilized, columnar and spongy parenchyma 
are determined, conductive tissues fully mature. 
The root ends with a limited anatomical recon-
struction at the end of the first year of life. The 
anatomical restructuring of the root is determined 
by the activity of the secondary parenchyma of 
the phloem. The central cylinder is radically in-
creased in the generative state of life. The integ-
umentary tissue is preserved as remnants of the 
endoderm and cortical parenchyma. 

In natural conditions, the cut of the leaf in this 
age-related state has a thickened cuticle layer, and 
the row of columnar mesophyll is enlarged. The di-
mensions of the conductive bundles of the stem are 
small, the xylem vessels have a narrow cavity, the 
interstitial radial parenchyma is multi-rowed. Scat-
tered idioblasts are formed in the core parenchyma. 
In secondary anatomical development, most of 
the central cylinder of the root is formed by the 

secondary xylem and parenchyma of the stem. The 
number of needle-like calcium oxalate druzes in 
the central cylinder of the root has increased.
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