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Abstract. The effect of polluting the environment with the emissions of the Prydniprovska Thermal
Power Plant emissions, Dnipropetrovsk city, on morphometric and cytogenetic indicators of floral
system of Tilia genus representatives was examined. The research was conducted in June and July
in 2015. The studied objects in conditions of technogenesis show reduction of the bloom intensity
rate and an increase of pollen grain sterility, which is the most significant in T. сordata. Sensitive
indicators of Tilia generative sphere were suggested as informative test parameters for the use in
monitoring the environment state. The recommendations are offered on the use of species of the
Tilia genus in gardening industrial sites in terms of the steppe Prydniprovya.
Introduction
Dnipropetrovsk is one of the largest industrial centers of Ukraine. Prydniprovska Thermal Power
Plant (TPP) emits the biggest number of harmful substances in the air of the city in comparison with
other enterprises within its borders [1].
Tree plantation is a powerful filter used for purifying the air, water and soil from man-made
pollutants. They successfully absorb significant number of chemical compounds coming from
industrial, energy, transport and other types of emissions. [2-4]. Therefore, the creation of green
areas using trees plays a significant role in optimizing the urban environment with high levels of
man-made pollution [5, 6]. It is worth considering, that the plants, carrying out the clearing
function, are exposed to the negative impact of harmful substances, resulting in the inhibition
process of their growth and development [2, 7-14]. Therefore, when range of species for
landscaping industrialized cities is selected, it is necessary to consider the ability of plants to absorb
harmful compounds, maintain their aesthetic quality in terms of environmental pollution, as well as
their tolerance to anthropogenic emissions [6, 15, 16].
Stability of natural and artificial plant communities depends largely on their ability to maintain
the proper level of seed recovery. This is essential as seed propagation of woody plants plays a key
role in maintaining the genetic flexibility and resistance of most species in forest communities [12,
17, 18.] Bloom is an important stage in the reproductive phase of plant ontogenesis, which has a
major influence on the success of pollination and fertilization processes, and respectively the level
of seed crop. Therefore, the examination of plant floral organs in areas of technogenesis is of
significant interest.
The species of Tilia genus are an important part of the system of green building. High
ornamental properties of Tilia trees make them attractive for greening the urban areas. However, the
widespread use of green space, involving Tilia trees, its organizing and farming requires deep
knowledge of their botanical, biological and environmental features. In particular, it is important to
consider the species resistance in specific environmental conditions [6, 16]. The previous research
was devoted to the study of some growth indicators Tilia representatives in conditions of an
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industrial city in the southeast of Ukraine. There is evidence of the impact of emissions from motor
vehicles on the assimilation system of Tilia genus [19, 20], its seed productivity [21], the
parameters of anatomical stem structure under conditions of polluting the environment with
emissions of the TPP [22], the state of the reproductive organs under the complex contamination
with the emissions of metallurgical industry and petrol fumes [6]. However, there is little research
in the generative system sensitivity of different species of Tilia genus to TPP emissions in terms of
the steppe Prydniprovya.
In this study, we present the results of the part of our research on tolerance of Tilia genus
representatives in the south-east area of Ukraine contaminated with the emissions of Prydniprovska
TPP, Dnipropetrovsk city. Our previous research made it possible to examine and analyze the
histological parameters of Tilia stem affected by the emissions of the same technogenic object [22],
while the present paper aims at assessing the impact of pollution emissions of the TPP on
cytogenetic and morphometric parameters of the floral system of woody plants of Tilia genus. The
research was done in June and July in 2015.
Materials and Methods
The research objects are Tilia platyphyllos Scop., T. europaea L., T. cordata Mill. The samples
were taken in June and July in 2015 at the two monitoring zones: the test area, formed by tree
plantation adjacent to the Prydniprovska TPP, Dnipropetrovsk, in which emissions of major
pollutants such as sulfur dioxide, nitrogen oxides and solid impurities make 67.3%, 18.7%, and
13.3% respectively in the total emissions volume [1]; and the relatively clean reference area, which
is the Botanical Garden of Dnipropetrovsk National University named after O.Honchar, where
according to the data provided by the Sanitary & Epidemiological Service the urban concentrations
of pollutants do not exceed the MCL.
In the both sites the inflorescence were collected from several model trees, from branches of the
same branching order from the south-east side of the crown. The study of morphometric parameters
of flowering was conducted using the conventional methods. Pollen fertility was evaluated by
iodine method suggested by Z.Pausheva [23]. For this purpose the mature anther sacs were removed
from buds, then moistened with iodine solution on the microscope slide and temporary squash
preparations were made. They were then viewed under Bresser Biolux microscope at a
magnification of 160 times. The pollen grains were considered fertile if they had granular
cytoplasm and were completely painted by reaction of iodine with starch. On the contrary, pollen
grains were viewed as sterile if they were either partly painted or completely unpainted. For each
species we examined 50 random field of view in every of the test areas. The solution saturation was
high. The dimensions of pollen grains were measured with a micrometer eyepiece at a
magnification of 640 times.
The experimental results are statistically processed. An average arithmetic error was calculated.
To compare the reference and test samples the Student’s t-test (p <0.05) was applied. Normality
allocation of the sample had been preliminary assessed. Sample size for each of the examined
parameters was 50 samples (n=50).
Results and Discussions
In the examined representatives of Tilia genus, which have been growing in plant communities, that
suffer chronic exposure to emissions of thermal power plants, the bloom intensity indicators show a
downward trend. As shown in Table. 1, the number of buds on a model branch in a tree in the test
area has reduced compared with the reference area results. Under the influence of man-made
emissions this parameter goes down the most significantly in T. platyphyllos representatives (18.0%
compared to reference trees), and to a lesser extent - in T. europaea and T. cordata (9.8% and
15.7% respectively). The number of flowers in the inflorescence in all the research objects in the
industrial area plummeted compared with the reference zone. However, T. cordata proves to be the
most vulnerable to pollution (see Table. 1).
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As a result of inflorescences determination inhibition and the subsequent merome determination,
resulting in the reduced number of buds on a model branch and the number of flowers in them, the
trees demonstrated the reduction of bloom intensity in technologically the contaminated zone,
which was defined as the total number of flowers per branch model. Among the studied objects the
influence of this parameter emissions of Prydniprovska TPP decreases dramatically in T. cordata
(28.4% compared to control) and is less significant in T. europaea and T. platyphyllos (18.7% and
25 2%, respectively) (see Table. 1)
Table 1. The influence of Prydniprovska TPP emissions, Dnipropetrovsk city,
on bloom intensity of Tilia genus representatives (n=50)
Species
T. platyphyllos
T. еuropaea
T. cordata
T. platyphyllos
T. еuropaea
T. cordata
T. platyphyllos
T. еuropaea
T. cordata

Reference area
Test area
Inflorescence number in a model branch [units]
27.2 ± 0.41
22.3 ± 0.36
25.4 ± 0.34
22.9 ± 0.29
48.5 ± 0.58
40.9 ± 0.64
Flower number in a inflorescence [units]
3.85 ± 0.08
3.32 ± 0.06
5.24 ± 0.11
4.39 ± 0.14
8.02 ± 0.26
6.36 ± 0.17
Flower number in a model branch [units]
109.2 ± 3.06
81.7 ± 2.40
128.6 ± 3.12
104.5 ± 3.07
363.5 ± 9.14
260.3 ± 6.83

Control ratio, %
82.0
90.2
84.3
86.2
83.8
79.3
74.8
81.3
71.6

The plant floral organs research in the areas of technogenic it is essential to measure the pollen
fertility, because it determines the success of pollination and fertilization processes. The data on the
level of pollen grain sterility is also an important source of information for monitoring the
environment due to the high sensitivity of the male generative system of plants to adverse factors
[24-26.] The obtained results indicate that fertility of pollen grains in the trees that were subjected
to chronic exposure to emissions of Prydniprovska TPP is lower than in the plants in the reference
area. It should be noted that the species studied for this indicator show different sensitivity to
anthropogenic emissions. T. cordata shows the most significant fall of pollen fertility rate in terms
of pollution (98, 3% in the reference area vs 76.9% in the test area), and it decreases to a lesser
extent in T. platyphyllos (from 93.6% to 88.0% respectively) (see Table. 2.)
Table 2. The influence of Prydniprovska TPP emissions, Dnipropetrovsk city,
on pollen fertility and pollen grain size of Tilia genus representatives (n=50)
Species

Reference area
Test area
Pollen fertility [%]
T. platyphyllos
93.6 ± 0.86
88.0 ± 0.72
T. еuropaea
96.6 ± 0.91
94.1 ± 0.89*
T. cordata
98.3 ± 1.04
76.9 ± 0.90
Pollen grain diameter [µm]
T. platyphyllos
36.2 ± 0.32
35.8 ± 0.28*
T. еuropaea
35.4 ± 0.29
34.6 ± 0.25*
T. cordata
31.0 ± 0.21
29.6 ± 0.16
* - differ significantly from control (p < 0.05)

Control ratio, %
94.0
97.4
78.2
98.9
97.7
95.4

For T. europaea the difference of this parameter in trees in the test and reference zones is
statistically insignificant at P <0.05 (see Table. 2). Other researchers also noted the rise of pollen
sterility under conditions of anthropogenic impact [6, 24].
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Having compared the data on the size of pollen grains in Tilia representatives in the industrial and
the reference areas, we have found that this index shows the greatest stability in the industrial
environment in the research objects. Thus, the length of pollen grains under the influence of the
Prydniprovska TPP emissions reduces insignificantly in comparison with the reference data only in
T. cordata (by 4.7%). The difference between these indices in the reference and test plots for the
other two species (T. platyphyllos and T. europaea) is statistically insignificant (see Table. 2).
Conclusions
The research data reveal inhibition of the flower evocation and floral morphogenesis under
chronic exposure to Prydniprovska TPP emissions in Tilia genus representatives. In all the
examined representatives of Tilia genus the bloom intensity index has decreased, i.e. the number of
inflorescences, number of flowers in them and the total number of flowers per branch model have
dropped under conditions of industrial emissions. Moreover, the two studied species (T. cordata
and T. platyphyllos) showed a reduction in the pollen grain fertility, mostly in T. cordata. The
pollen size is the indicator that proved to be stable in all objects under conditions of contaminated
environment. These deviations in the generative development can affect the reproductive ability of
the trees.
In general, the T. europaea and T. platyphyllos species showed the highest tolerance rate of their
floral organs to anthropogenic emissions. We therefore recommend them to be used as appropriate
trees for gardening industrial sites in conditions of the steppe Prydniprovya, having considered their
sensitivity to anthropogenic pollution in terms of other characteristics of growth and development.
The floral system characteristics that significantly changed under the influence of TPP emissions,
such as the bloom intensity and pollen fertility can be recommended as sensitive test parameters to
monitor the environment state. T. cordata may be an informative object for these parameters.
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