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ECOLOGICAL MONITORING OF TECHNOGENIC POLLUTION BY MORPHOMETRIC INDICES OF 
DOMINANT PLANTS 

 
Resume. The article discusses the problems of induction of the anatomical and morphological structure of plants of different life 
forms under the long-term chronic effects of ionizing radiation in the territory of the village of Kalachi, Akmola region. It was 
found that under conditions of radioactive contamination with an increase in the activity of ionizing radiation, a response occurs 
in plants, changes occur in the internal structure of vegetative organs. Such adaptive signs arise under the influence of a set of 
environmental factors, including radiation pollution. 
Keywords: phytocenosis, sclerenchyma, adaptation, induction, bioindicators, mesophyll, technogenic radionuclides, ecosystem. 
 
Introduction. For many decades, Kazakhstan has 
developed a predominantly raw material system of nature 
management with huge man-made loads on the 
environment. Environmental protection is one of the most 
important tasks of any state's development [1]. 
Environmental problems are compounded by the complex 
radiation environment. Its complexity on the territory of 
the Republic of Kazakhstan is due to the following 
reasons: the activities of the former nuclear power plant; 
nuclear explosions carried out to solve economic 
problems; the functioning of enterprises of the nuclear 
industrial complex; the extraction and processing of 
polymetallic ores, oil and gas with increased radioactivity 
and natural anomalies of radionuclides in environmental 
objects  [2; 3]. 
The manifestation of radioecological effects on the 
population can be direct and indirect. The most obvious 
direct impact on the ecosystem occurs during the 
operation of uranium deposits through radioactive 
releases and discharges into the environment, and after 
their operation through the migration of radionuclides 
into the environment from recultivated and even more 
non-recultivated mine facilities (quarry waters, dumps 
and waste piles of overburden and off-balance ores). 
Uranium deposits that are not involved in economic 
activity can also affect humans through tectonic 
disturbances, soil and water (indirectly or indirectly) [4; 
5]. The greatest radioecological danger is represented by 
natural and man-made uranium objects of the Akmola 
region, where mining and quarrying of uranium has been 
carried out for more than 30 years [6]. 
Currently the study and assessment of the radioecological 
situation on the territory of the village of Kalachi, taking 
into account the ecological state of natural populations of 
plants and animals, is of particular importance. The study 
of the reaction of living organisms, whether plants or 
animals, to various doses of chronic ionizing radiation 
makes it possible to assess and diagnose the state of 
environmental quality, and these organisms themselves 
can serve as bioindicators of pollution 7; 8]. 
It is plant communities that are the main link through 
which the radioactive products of nuclear explosions and 
all kinds of pollutants enter the body of animals and 
humans. 
Studies of the external and internal structure of plants are 
one of the important stages of the ecological program, as 
they reveal the features of the interaction of plants with 
the natural and modified anthropogenic environment. 

Purpose of the study. The aim of the study is to study the 
problems of induction of anomorphological development 
of plants of different life types under prolonged chronic 
exposure to ionizing radiation on the territory of the 
village of Kalachi, Akmola region. 
Research materials and methods. 
The material for the research was collected by us during 
the field work near the territory of the village of Kalachi, 
where 2 sites were investigated (near the uranium mine 
"contaminated site" with an increased radiation 
background and a background control site). 
General information about the village of Kalachi and the 
state of the uranium mines. Mines 1 and 2 were created, 
respectively, in 1968 and 1971 on the basis of the Ishim 
deposit. Most of the workers of the nearby mines 1 and 2, 
working out uranium deposits from 1960 to 1990, lived in 
the village of Krasnogorsky. 
As for the chemical composition, the average content of 
the main components and impurities of uranium ores in 
the shallow zones of the Ishim deposit was as follows 
(chemical analysis data,%): U-0.204; Th - up to 1.0; Zr-
0.02; Sr-0.03; Mo-0.066; As – 0.03; Ti – 0.36; Tl – up to 
0.008; P2O5 – up to 1.0; Mo/U ratio – 0.36. In addition, Sb, 
Cu, Pb, Zn, Se, and Hg are marked [11]. The chemical 
composition of the ore is silicate and medium carbonate. 
The bulk of the uranium (99.9%) in the veined ores is 
contained in oxides (nasturan). The field was operated 
underground until 1992. During 1993-1994, the 
equipment of the underground complex was dismantled, 
the workings were liquidated, flooded. 
After the full development of the balance reserves of the 
deposits in 1980, it was decided to liquidate both mines 1 
and 2. In this regard, a working project was developed 
"Reclamation measures of industrial sites of mines of pit  
No. 1 and No. 2. 
The village of Kalachi, is a part of the Krasnogorsk 
settlement administration in the Esil district of the 
Akmola region of Kazakhstan. It is located in the 
immediate vicinity of previously operating uranium 
mines. The main direction of the village's economy is 
agriculture, more precisely-grain production. 
The territory adjacent to the village of Kalachi, where 
uranium mining was carried out more than 30 years ago, 
has been reclaimed, and the mine's infrastructure 
facilities have been liquidated. Nevertheless, the "sleeping 
sickness" that appeared among the residents of the village 
of Kalachi and the lack of causes that caused it required 
special attention, and therefore in our work we 
investigated the external and internal structure of plants - 



one of the important stages of the environmental 
program, since they reveal the features of the interaction 
of plants with natural and changed by anthropogenic 
impact of the habitat. 
The dominant plant species Festuca valesiaca and 
Galatella linosyris are the material for anatomical 
structure studies. 
Morpho-anatomical features of R. iliensis Chrshan. were 
described according to generally accepted classifications 
(Lotova, 2007; Akhmetova et al., 2015; Atabayeva et al., 
2016, Aidosova et al., 2018; Seilkhan et al., 2019). 
Microscopic studies were conducted using plant material 
which was fixed in a mixture of alcohol 96%, glycerine 
and water in a 1: 1: 1 ratio. 
In the manufacture and description of preparations, 
methods generally accepted in plant anatomy were used 
(Barykina & Veselova, 2004). 
Adhering to the guidelines, the cross sections of the 
vegetative organs were made in the flowering phase, 
since it is in this phase that the structural anatomical 
elements of the plant organs have the greatest integrity.  
To determine the morphological and anatomical features 
of stems and leaves, microscopic studies were carried out. 
When characterizing stems, the following features areof 
particular importance: on a cross-section, at a small 
magnification (x10) it is necessary to distinguish the 
primary cortex most often occupying a large part of the 
root section and a relatively narrow central cylinder. 
Their general shape, shape and structure of cells, as well 
as the distribution of xylem and phloem elements should 
be described.  
The root sections were made in the basal part of the root 
along its entire length every 2-3 cm. For the study, 
middle-age plants in the generative state were taken; the 
main attention was paid to plants that provide the bulk of 
the raw material in the study of species.  
Anatomical preparations were made using a microtome 
with an OL-ZSO freezing device (Inmedprom, Russia), as 
well as by hand using ordinary razors with a biconcave 
blade. The thickness of the anatomical sections was 10-15 
microns. For quantitative analysis, morphometric 
indicators were measured using an MOV-1-15 eyepiece 
micrometer (with a lens of x10, magnification of x40, 10, 
and 7). Microphotographs of anatomical sections were 
taken on an MC 300 microscope (Micros, Austria) with a 

CAM V400 / 1.3M video camera (Probe, Japan). The 
description of external characters was made in 
accordance with the requirements of the GF XI (The State 
Pharmacopoeia of the USSR, 1990) [12-19].          
Statistical processing of morphometric indicators was 
carried out using the software package "Statistica 6.0". 
Intergroup differences were evaluated by the 
nonparametric criterion Mann-WhitneyU-test. For 
pairwise connected groups, the nonparametric Wilcoxon 
test will be applied.. 
Results of the study. 
Morphological structure of dominant plant species. 
The dominant plant species Festuca valesiaca and 
Galatella linosyris collected near the mine and at the 
control site were used as the material for the study of the 
anatomical structure. 
Festuca valesiaca is a perennial, herbaceous plant. The 
stems are straight, the turf is dense, the leaves are 
filiform, folded, with deep longitudinal grooves on the 
sides, reaching the inflorescence. The average height of 
shoots in the control area is 22.09 0.01 cm and in the 
polluted area-12.08±0.06 cm. 
The average length of the leaf blade in the control area is 
5.06 cm, near the uranium mines – 3.04 cm. The 
inflorescence is a panicle. The spikelets are 5-7-flowered, 
the lower flower scales are rough at the top, with a short 
awn. 
The leaf blade of Festuca valesiaca is externally covered 
with the epidermis, which had slight differences in the 
studied variants (Figure 1). 
The thickness of the upper epidermis of the leaf blade of 
Festuca valesiaca in the control area is 16.75 0.48 µm, 
near the uranium mines – 12.57 ±1.19 µm, and the lower-
18.02± 0.73 µm and 14.03 ±1.04 µm, respectively (Table 
1). However, the thickness of the leaf blade significantly 
decreased from 159.08 ±1.05 µm in the control area to 
124.33±1.07 microns in the contaminated area. Small 
vascular bundles are reinforced with sclerenchyma only 
from below, or completely immersed in the 
chlorenchyma. 
The thickness of the sclerenchyma and the size of the 
conductive sheet bundles of the contaminated area near 
the uranium mines do not differ much from the control 
version (Figure 1). 

 
Table – 1Morphometric parameters of the leaf blade of Festuca valesiaca 
 

Region 
Thickness of the leaf 

blade, µm 

Thickness of the epidermis, µm Area of conducting beams,×10-

3 mm2 upper  lower  

Control 159,081,05 16,750,48 18,020,73 0,440,41 

Near uranus 124,331,07 12,571,19 14,031,04 0,430,12 

 
 
At the site near the uranium mine, a decrease in 
anatomical parameters in the internal structure of the 
studied plant species was found. Thus, there is a 
reduction in the thickness of the leaf blade, upper and 
lower epidermis, sclerenchyma of the leaf, as well as the 
epidermis, mechanical tissue, while the area of the 

conducting bundles of the stem remained unchanged 
compared to those of plants from the control area. 
Figure 1 shows a section of the stem of Festuca valesiaca. 
The results of studies of the effect of different 
concentrations of uranium on the structure of Festuca 
valesiaca are shown in Table 1. 
 



 
А                                                                              Б 

1-lower epidermis, 2-upper epidermis, 3-trichomes, 4-sclerenchyma, 5-conducting bundle 
Figure 1. Comparative anatomy of the Festuca valesiaca leaf 

(A-near the mine; B-control) 
 
In the internal structure of the stem of Festuca valesiaca 
collected near the mines, the thickness of the epidermal 

cells increases (5.03±1.04 µm) compared to the control 
variant, where it is 9.04±0.09 µm (Table 2). 

 
Table – 2 Morphometric parameters of the stem of Festuca valesiaca 

 
Region 

Thickness of the 
epidermis, microns 

µm 

Mechanical fabric 
thickness, µm 

Area of conducting 
beams,×10-3mm2  

Control 
9,040,09 25,050,91 0,840,06 

Near the mine 5,031,04 12,050,03 1,090,33 

 
Under the epidermis is a wide, continuous ring of 
mechanical collenchymal tissue. The conducting bundles 
are collateral closed. In the parenchyma, closer to the 
center of the straw, large conducting bundles with fairly 
large metaxylem vessels are placed. They form a regular 
circle (Fig. 2). 
Parenchymal cells adjacent to the mechanical tissue are 
small, arranged in a circle and at a small distance from 

each other, and they are larger towards the center of the 
straw. The area of the conducting stem bundles is 0.84 x 
10-3mm2 in the control area and 1.09 x 10-3mm2 in the 
mines (Table 2). 
In the center of the stem, the cells of the core parenchyma 
are destroyed and an air cavity is formed. 

 

 
Control                                                     Near the mine 

 
1-epidermis, 2-sclerenchyma, 3-conducting bundle, 4-core 

 
Figure 2. Comparative stem anatomy of Festuca valesiaca 



 
Study of the morphology and anatomy of the stem, leaf of 
Galatella linosyris.  
Galatella linosyris is confined to light habitats with fairly 
rich soils and tends to settle down to meadows, steppes, 
sand forests and chalk and limestone outcrops. These are 
perennial loose-turf plants with elongated monocarpic 
monocyclic shoots, growing sympodially. In adults, the 
root system is formed by adventitious roots, densely 
branching off from short, annually formed increments of 
underground parts of shoots. The aboveground parts of 
the shoots are densely deciduous with linear, oblong-
lanceolate or oval-linear leaves with one or three veins. 
Branching of the aboveground parts of the shoots is 
observed only in the area of inflorescences, where the 
baskets are collected in a shield or panicle. The buds of 
renewal are located in the soil in underground areas of 
shoots in the amount of 1-3. 
Plant height 15-20 cm. Leafy shoots are erect, slightly 
roughened from spines both on the stem and on the 
leaves. The leaves are alternate, oblong-oval-linear to 2 
mm wide. 

On the cross section, the stem is rounded-ribbed, covered 
with a single-layer epidermis with rarely located two-
three-cell spines (Figure 3). The cells of the epidermis 
have very thickened outer walls and are covered with a 
thick cuticle. 
The primary cortex is sparsely layered and is represented 
by parenchymal thin-walled cells containing chloroplasts. 
The cells of the endoderm do not differ from the 
parenchymal cells of the cortex. The conducting tissues 
are arranged in the form of larger open collateral bundles 
that merge with each other. 
The phloem part of the bundle is much less weaker than 
xylem. In some areas of the phloem, groups of 
sclerenchymal cells located outside of it can be observed. 
In the xylem part of the bundles, the vessels are 
concentrated in the spring growth, and in the summer, 
the libriform fibers have an advantage. The central 
position in the stem is occupied by a well-developed 
parenchyma of the core. 

 
 

Control                                                      Near the mine 
1- epidermis, 2-primary cortex, 3-sclerenchyma, 4-phloem, 5-xylem, 6-core 

 
Figure 3. Comparative stem anatomy of Galatella linosyris 

 
The leaves are linear to 4 mm wide, with 3-5 large and 6-
10 smaller tufts. The leaves are oval-linear, narrow, with 
three veins, of which only the central tuft is secant. In the 
area of the main vein in the leaf on the upper side there is 
a depression, on the lower side the protrusion is not 
traced. The leaf epidermis is formed by large, thick-walled 
cells with a well-developed cuticle and trichomes that are 
more or less evenly spaced (Figure 4). 

Stomatal apparatuses are anomocytic on both the lower 
and upper sides of the leaf. The mesophyll is formed by 
columnar and spongy tissues. The columnar fabric on the 
upper side of the sheet is arranged in two or three layers, 
and on the lower side-two - layer. The central part of the 
leaf is occupied by loose assimilation tissue, and it 
accounts for at least a third of the thickness of the leaf. By 
the nature of the mesophyll, the leaf of Galatella linosyris 
is isolateral. 

 



 
Control                                                     Near the mine 

1-upper epidermis, 2-lower epidermis, 3-palisade mesophyll, 4-spongy mesophyll, 5-conducting bundle 
Figure 4. Comparative anatomy leaf of the Galatella linosyris  

 
Mechanical tissues in the sheet are poorly represented 
and are accompanied by conductive bundles. 
Collenchyma occurs only in the area of the main vein on 
both the upper and lower sides, underlying the epidermis. 
The sclerenchyma in the form of groups of cells is located 
on the upper side, adjacent to the xylem. Near the phloem 
areas of the bundles, idioblasts with thick colored 
contents are noted. 
The result. As a result of the conducted studies on the 
anatomical features of the aboveground part of plants 
growing in the territories of former uranium mines, it was 
found that under the influence of uranium deposits in 
plants or its individual organs, structural changes occur. 
The thickness of the leaf blade decreases, the size of the 

cells of the upper epidermis increases, the thickness of 
the epidermis and the area of the conducting vessels 
increases. 
Thus, as a result of the conducted studies on the morpho-
anatomical features of the aboveground part of plants 
growing near flooded uranium mines in plants in the 
structure of vegetative aboveground organs, changes in 
quantitative indicators in the tissues of the stem and 
leaves (changes in the size of the conducting bundles, the 
thickness of the epidermis, the size of the primary bark 
and leaf blade) were revealed. It was also found that the 
change in morphological features has a species-specific 
character. The residual effect of radiation causes 
stimulation of the morphological parameters of plants. 
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ЭКОЛОГИЧЕСКИЙ МОНИТОРИНГ ТЕХНОГЕННОГО ЗАГРЯЗНЕНИЯ ПО МОРФОМЕТРИЧЕСКИМ ПОКАЗАТЕЛЯМ 

ДОМИНАНТНЫХ РАСТЕНИЙ 
 
Резюме. В статье рассматриваются проблемы 
индукции анатомо-морфологического строения 
растений разных жизненных форм при длительном 
хроническом воздействии ионизирующей радиации на 
территорию села Калачи Акмолинской области. 
Установлено, что в условиях радиоактивного 
заражения при повышении активности 
ионизирующего излучения у растений возникает 
ответная реакция, происходят изменения 

внутреннего строения вегетативных органов. Такие 
приспособительные признаки возникают под 
действием множества факторов окружающей среды, 
в том числе радиационного загрязнения. 
Ключевые слова: фитоценоз, склеренхима, 
адаптация, индукция, биоиндикаторы, мезофилл, 
техногенные радионуклиды, экосистема. 
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ДОМИНАНТТЫ ӨСІМДІКТЕРДІҢ МОРФОМЕТРЛІК КӨРСЕТКІШТЕРІ ТЕХНИКАЛЫҚ Ластануының 

ЭКОЛОГИЯЛЫҚ МОНИТОРИНГІ 
 

 
Түйін. Мақалада әр түрлі тіршілік формасындағы 
өсімдіктердің анатомиялық-морфологиялық 
құрылымын индукциялау мәселелері қарастырылған, 
Ақмола облысы, Калачи ауылы аумағында иондаушы 
сәулеленудің созылмалы әсер етуінде. Өсімдіктерде 
иондаушы сәулеленудің белсенділігінің 
жоғарылауымен радиоактивті ластану жағдайында 
реакция пайда болып, вегетативті мүшелердің ішкі 

құрылымында өзгерістер болатындығы анықталды. 
Мұндай бейімделу белгілері қоршаған ортаның 
көптеген факторларының, соның ішінде радиациялық 
ластанудың әсерінен пайда болады. 
Түйінді сөздер: фитоценоз, склеренхима, адаптация, 
индукция, биоиндикаторлар, мезофилл, техногендік 
радионуклидтер, экожүйе. 

 
 


