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Abstract

The issues of assessing the effects of anthropogenic environmental impacts and the response of biota to air
pollution, water and soil resources in recent decades have become increasingly important. Modern
industrial centers are large cities with an individual history of formation, and the specificity of the current
state is conditioned by the complex of natural and climatic conditions and socio-economic situation.
Indication of the state of tree plantations is one of the ways to control the quality of the environment and
urban conditions. In the Ufa industrial center on the network of permanent sample plots in natural and
artificial forest plantations, studies have been carried out to assess the state of the stands. The relative life
state of Betula pendula Roth plantations in the industrial zone was estimated as “weakened” (crown density
55-70%; presence of 15—40% dead branches on the trunk; degree of leaf damage 10-40%. Relative control
is rated as “healthy.” In the Ufa industrial center with a predominance of hydrocarbon-type environmental
pollution, ambiguous reactions of woody plants are observed. This manifests itself in deviations in the
development of leaves. Leaves can be used to characterize the condition of birch trees in urban
environments, the need to monitor the state of plantations, timely identify violations and changes are
associated with the justification of practical measures for the care of plantations and the reconstruction of
plantations and reforestation. Timely forestry measures ensure the preservation of the ecological and social

functions of forest plantations.
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1. Introduction

The questions of bioindication of the environment, despite the development of methods for
instrumental control of the qualitative composition and degree of pollution by industrial plants, do not lose
their relevance (Graham, Raz, Hel-Or, & Nevo, 2010). Adaptive reactions of organisms to the action of
extreme factors are noted, providing exceptional resistance of woody plants to industrial pollutants. One of
the approaches to assessing the resistance of plants during their growth under extreme conditions is to assess
the stability of development and the manifestation of asymmetry (Shestakov, Sagittarius, & Konstantinov,
2004; Zakharov, Baranov, & Borisov, 2000).

2. Problem Statement

Bioindication of the state of tree plantations is one of the ways to control the quality of the

environment and urban conditions.

3. Research Questions

The subject of the research is the plantings of birch (Betula pendula Roth) of the Ufa Industrial

Center, growing in conditions of long-term environmental pollution.

4. Purpose of the Study

The purpose of the study is to determine the relative life state of the plantations and the
morphological changes of the leaves of birch (Betula pendula Roth) under conditions of environmental

pollution.

5. Research Methods

1. Determination of the relative life state of tree stands (Vaganov & Shashkin, 2000). The analysis
of the relative life status of plantations was carried out on permanent sample plots in each administrative
district of the city of Ufa. Revealed a relatively average living condition of the breed composition.

2. Methods for studying the morphological characteristics used to assess the stability of the
development of tree plantations (Shestakov, Sagittarius, & Konstantinov, 2004; Zakharov, Baranov, &
Borisov, 2000).

A five-point scale for estimating the deviations of the state of the organism from the conventional
norm by the value of the integral indicator of the stability of development is proposed (Kulagin &
Shagiyeva, 2005). In this case, the value of the integral asymmetry index of 1 point is interpreted as a
conditional norm, which is mainly observed in samples of plants from favorable growing conditions (Kollar
& Donoval, 2013). The asymmetry index of 5 points means a critical value, is observed in plants in a highly
depressed state, growing in extremely adverse conditions. It should be noted that the focus is on the
dependence of the points on the value of the indicator of the stability of development (Graham et al., 2015).
The proposed approaches are taken into account and a point scale for assessing the condition of trees and

plantations is adopted based on the integral indicator of the stability of the development of birch leaves.
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The five-point scale for assessing the deviations of the state of the body from the conventional norm
by the value of the integral indicator of developmental stability for birch:

1 point - the quality of the environment is defined as “conditionally normal”;

2 points - quality of the environment as "minor deviations from the norm";

3 points - quality of the environment as “the average level of deviation from the norm”;

4 points - quality of the environment as “significant deviations from the norm”;

5 points - quality of the environment as a “critical state” (Graham, Shimizu, & Emlen, 2003, p. 134).

The source material for assessing the stability of development in accordance with accepted methods
was used to measure birch leaves of the right and left halves of the leaf according to 5 signs:

1 sign - the width of the left and right halves of the sheet (when measuring the sheet plate fold in
half, combining the top with the base and unbend the sheet, the distance from the border of the central vein
to the edge of the sheet is measured along the fold);

2nd sign - the length of the vein of the second order from the base of the leaf;

3rd sign - the distance between the bases of the first and second veins of the second order;

4th sign - the distance between the ends of these veins;

The 5th sign is the angle between the main vein and the second vein from the base of the leaf.

3. Statistical processing of research results was carried out in the programs: STATISTICA 10.0,
GraphPad Prism.

6. Findings

Studies have been conducted to assess the relative vital status and developmental stability (based on
the determination of the morphological features of the leaves) of Betula pendula Roth plantations (Vaganov
& Shashkin, 2000). These approaches were taken as the basis for research.

Based on the information received (Table 01), the relative life of birch trees of trial plot (TP) 1,
located near the Novoufimsky refinery in the Ordzhonikidze district, TP4 near the Ufa engine-building
production association of the UMPO Kalininsky district was rated as “weakened”. The density of the crown
on the territory of TP1 is 55-65%. The presence of dead branches on the trunk of 20-40%. The degree of
damage to the leaves with toxicants and insects is 30-40%. The density of the crown on the territory of TP4
is 60-70%. The presence of dead branches on the trunk 15-30%. The degree of damage to leaves with
toxicants and insects is 10-15%. On these sample plots there are also tree trunks entomosis (laying eggs,
stem colonization), phytopathological damage (formation of fungi on the trunk of fruit bodies) and dry top.
In these territories, tree species have a poorly formed crown, trunks are poorly cleaned from dead boughs
(Van Heezik, Freeman, Porter, & Dickinson, 2014).

Relative life status of birch TP2 in the territory of Park Pobedy in the Ordzhonikidze district, TP3
in the territory of Kalinin park in the Kalininsky district, TP5 in the territory of them. M. Gafuri Oktyabrsky
district, TP6 near the Ufa instrument-making production association of the Oktyabrsky district, TP7 in the
territory of the forest park Woodworkers of Bashkiria of Sovetsky District, TP8 near Ufa unitary enterprise
“Hydraulics” on the territory of Sovetskiy District, TP9 near the airport of Kirovsky District, TP10 near
Pharmstandard - UfaVita on the territory of Kirovsky District, TP11 Zaton park Volna on the territory of
Leninsky District, TP12 in Zaton near the Ship Repair and Shipbuilding Plant on the territory of the
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Leninsky District, TP13 on the territory of the Demsky Culture and Recreation Park of the Demsky District,
TP14 the railway station Dema of the Demsky District was rated as “healthy”. The density of the crown is
85-95%. The presence of dead branches on the trunk of 1-15%. The degree of leaf damage by toxicants and
insects is 0-10%. The dryness of the trees in these areas is not pronounced (Kulagin & Tagirova, 2015, p.

34).

Table 01. Characteristics of the diagnostic features and indicators of the vital status of stands of birch
(Betula pendula Roth) in the Ufa industrial center

Trial | Crown density, % | The presence of dead Degree of leaf Relative life
plot boughs on the trunk, damage, % condition, %
.N‘g %

1 55-65 20-40 30-40 54,5

2 85-95 1-10 1-10 89,1

3 85-90 10-15 5-10 82

4 60—-70 15-30 10-15 75,5

5 85-95 0-10 0-5 94

6 85-90 5-10 1- 10 85

7 85-95 0-10 0-5 91

8 85-90 10-15 5-10 86,5

9 85-90 10-15 5-10 82

10 85-90 10-15 5-10 82

11 85-90 10-15 5-10 86,5

12 85-90 1-10 1-10 88

13 85-90 1-10 1-10 88

14 85-90 5-10 1- 10 85

At the same time, taking into account the relative life status of individual birch trees in the stands
indicates a significant difference in the status of individual trees (Table 02). It was established that at TP1,

3,9 and 10, individual trees are characterized by a significantly lower indicator of relative vital status.
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Table 02. Indicators of the relative life status of plantations (%) Betula pendula Roth in the Ufa industrial

center
Zones Relative life condition,%
Trial Ne of tree
POt T3 T4 5 T6¢ [7 s [9 |10
Ne
Contaminated area | 1 71 |45 |65 |47 i 42 [71 65 [56 |64
4 65 71 72 79 79 77 75 79 79 79
6 83 |91 85 |8 |84 |91 82 (8 |8 |82
8 8 |8 |93 |8 |8 [93 |8 |8 |8 |88
10 8 |8 |8 [8 (8 |8 |8 |78 |8 |89
12 87 |8 |8 |8 |90 |86 |91 87 |8 |89
14 83 |8 |8 |8 |8 |8 |8 |91 82 |91
Relative control zone | 2 87 86 88 92 90 92 91 89 87 89
3 8 |8 |8 [8 |8 |78 |8 |8 |8 |80
5 96 192 |98 |91 (90 [92 |98 |9 |96 |91
7 86 [96 |90 |8 92 (96 |90 |92 |92 |90
9 80 |8 |8 [8 |8 |8 |8 |80 |78 |85
11 93 |8 |8 |8 (8 |93 |8 |8 |[8 |8
13 90 |8 |87 |8 |87 |86 |91 88 |87 |89

The trees of Betula pendula Roth grow on the territory of the Ufa industrial center on 14 trial plots
(TP). Collection of leaf samples produced in August 2012.

The integral indicator of the development stability of Betula pendula Roth plantations on the territory
of TP1 (Table 03) corresponds to 5 points (the asymmetry value is 0.076) - the critical value of the indicator
of developmental stability, trees are in a depressed state, and the relative life status of plantations
corresponds to the “weakened” category (Zheng, Ducey, & Heath, 2013, p. 136).

The integral indicator of the development stability of Betula pendula Roth plantations on the territory
of TP2 (Table 03) corresponds to 3 points (asymmetry value is 0.048), which characterizes the quality of
the environment as the average level of deviation from the norm. The relative vital status of all the studied
stands is classified as “healthy”.

When combining the data obtained with the relative life state of the birch trees, the coincidence is
observed only in one tree (No.10). The stability of tree development is estimated as “conditional norm”,
and the relative vital status of this model tree is classified as “healthy”.

The integral indicator of the developmental stability of stands of Betula pendula Roth on the territory
of TP3 corresponds to 4 points (asymmetry value is 0.053) and means that significant deviations of the
level of developmental stability from the norm occur, despite the fact that the relative vital status of the tree

stands under the category of “healthy”.
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The integral indicator of the stability of the development of stands of Betula pendula Roth in the
territory of TP4 (table 3) corresponds to 5 points (asymmetry value 0.060) - a critical value of the condition
of birch trees. The relative vital status of birch plantations is characterized as “weakened”.

The integral indicator of the stability of the development of plantations Betula pendula Roth in the
territory of TP6 (table 3) corresponds to 3 points (asymmetry value 0.049) and means the average level of
deviation from the norm. The relative life status of plantations is classified as “healthy.”

The integral indicator of the development stability of Betula pendula Roth plantations in the territory
of TP7 (table 3) corresponds to 4 points (asymmetry value is 0.053) and means that significant deviations
from the norm occur. At the same time, the relative life state of the plantations is estimated as “healthy””.

The average value of the asymmetry on the scale of development stability in the territory of TP8
corresponds to 4 points (the value of asymmetry is 0.054) and means that significant deviations from the
norm occur. At the same time, the relative life state of the plantations is estimated as “healthy”.

The integral indicator of the development stability of Betula pendula Roth plantations on the territory
of TP9 (table 03) corresponds to 4 points (asymmetry value is 0.050), which characterizes the quality of
the environment as significant deviations from the norm, and the relative life state of the plantations belongs
to the category “healthy”.

The integral indicator of the development stability of Betula pendula Roth plantations in the territory
of TP10 (table 03) corresponds to 4 points (asymmetry value is 0.054) and means and means that significant
deviations from the norm occur. At the same time, the relative life state of the plantations is estimated as
“healthy”.

The integral indicator of the development stability of Betula pendula Roth plantations on the territory
of TP11 (table 03) corresponds to 4 points (asymmetry value is 0.054) and means that significant deviations
from the norm occur. At the same time, the relative life state of the plantations is estimated as “healthy”.

The integral indicator of the development stability of Betula pendula Roth plantations on the territory
of TP12 (table 03) corresponds to 5 points (asymmetry value is 0.055) - the critical value of asymmetry
index, which means extremely unfavorable conditions, the plants are in a depressed state, and the relative
life status of the plantations falls into the category "healthy."

The integral indicator of the stability of plantings of Betula pendula Roth in the territory of TP13
(table 3) corresponds to 5 points (the asymmetry value is 0.060) is a critical condition, and the relative life
state of the plantings is classified as “healthy”. The dependence of the developmental stability of trees on
their relative vital status in plantations does not manifest itself (Zaytsev et al., 2017).

The integral indicator of the development stability of Betula pendula Roth plantations on the territory
of TP14 (table 03) corresponds to 5 points (asymmetry value is 0.065) - the critical value of asymmetry
index, which means extremely unfavorable conditions, the plants are in a depressed state, and the relative

life status of the plantations belongs to the category "healthy."
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Table 03. Asymmetry indices of sheet plates Betula pendula Roth on the territory of the Ufa industrial

center

Zones Trial | The value of Stability of The average value The average

plot | theintegral | development in of the integral value of the

indicator of points indicator of stability of

Ne | the stability developmental development

of ( Zakharov et stability
development al., 2000) in points
( Zakharov et
al., 2000)
Contaminated | 1 0,076 5 0,059 5
area
4 0,060 5
6 0,049 3
8 0,054 4
10 0,054 4
12 0,055 5
14 0,065 5
Relative 2 0,048 3 0,053 4
control zone

3 0,053 4
5 - -
7 0,053 4
9 0,050 4
11 0,054 4
13 0,060 5

On the territory of the Ufa industrial center, in the zone of pollution and in the zone of relative
control for plantings Betula pendula Roth, there is no unambiguous connection between the morphological
indices of leaf plate asymmetry and the relative life status of the plantings. In some cases, there are
significant discrepancies. Deviations in the development of leaves are probably associated with the specifics
of the complex effect on plantings of natural, man-made and recreational factors. It should be noted that
plantations grow under mixed conditions, with a predominance of hydrocarbon, environmental pollution
(Kulagin, 2014).

The average value of the integral indicator of the developmental stability of birch in Ufa corresponds
to 5 points (asymmetry value is 0.056) - the critical value of the asymmetry index, which means extremely
unfavorable conditions, and the plants must be in a depressed state. On the territory with industrial pollution
(table 03), the integral indicator of stability corresponds to 5 points, which means extremely unfavorable
conditions for the growth of plants. On the territory with increased recreational load - 4 points - this
characterizes the condition of birch trees as “significant deviations from the norm”.

When considering the condition of birch plantations in different growing conditions, it was found

that within one trial area there are significant differences between the trees (the indicator of developmental
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stability varies from 1 to 5 points; TP 2, 3, 4, 6, 7, 8, 9, 10, 11, 12, 13) (table 04).It should be noted that
only at TP1 (located in the industrial zone near the refinery in the Ordzhonikidze district) and at TP14 (in
the territory of the Dema Demsky district railway station) - all trees are characterized by a level of
development stability of 5 points (“critical state” of trees).

Based on the data presented in Table 05, it can be concluded that the frequency of occurrence of the
asymmetry index, which characterizes the condition of birch trees as a “critical state”, is more often
manifested in the territory with industrial pollution. As for other indicators of the stability of development
- “substantial (significant) deviations from the norm” and “minor deviations from the norm”, they most
often appear on the territory with a recreational load. The frequency of occurrence of the asymmetry
indicator - “the average level of deviation from the norm” is equally evident both in the territory with
industrial pollution and in the territory of the zone of relative control. It is important to note that the
frequency of occurrence of the asymmetry index, which characterizes the condition of birch trees as
“conditionally normal”, is more often manifested in the area dominated by the hydrocarbon type of
environmental pollution. This indicates the ambiguous reactions of woody plants to the qualitative
composition of pollutants and is consistent with the results of studies of the reactions of woody plants to

the action of various pollutants (Kulagin & Shagieva, 2005; Nikolaevskiy, 2002).

Table 04. Characteristics of the stability of the development of Betula pendula Roth on the territory of the
Ufa industrial center

Zones The average value of the stability of development
Trial in points
plot
Ne of tree

Contaminated area

Relative control zone
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Environment quality:

conditionally normal,

initial (minor) abnormalities,

average level of deviation from the norm,

critical situation.

- significant deviations from the norm,

Table 05. The frequency of occurrence of indicators of the stability of the development of birch (Betula
pendula Roth) in the Ufa industrial center

Zones Trial plot Ne The frequency of occurrence of indicators of
asymmetry (points)
1 2 3
Contaminated area 1 - - -
4 - 1 2
6 2 1 2
8 - 2 2
10 1 - 1
12 - - 1
14 - - -
Total: 3 4 8
Relative control zone 2 1 2 2
3 - 3 1
5 = - -
7 - 1 -
9 1 2 2
11 - 1 2
13 - - 1
Total: 2 9 8
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7. Conclusion

Modern industrial centers are large cities with an individual history of formation, and the specificity
of the current state is conditioned by the complex of natural and climatic conditions and socio-economic
situation. Assessment of the effects of anthropogenic environmental impacts and the response of biota to
air pollution, water and soil resources is an important theoretical and applied task. Instrumental monitoring
of environmental quality under conditions of industrial pollution does not provide an integral picture of the
state of the environment. In the Ufa industrial center with long-term pollution of the environment on the
network of permanent sample plots in natural and artificial forest plantations, studies have been carried out
to assess the state of the stands. The relative life state of birch plantations in the industrial zone was
estimated as “weakened” (crown density 55—70%; presence of 15-40% dead branches on the trunk; degree
of leaf damage 10-40%. relative control is rated as “healthy.” In the Ufa industrial center with a
predominance of hydrocarbon-type environmental pollution, ambiguous reactions of woody plants are
observed. This manifests itself in deviations in the development of leaves. Leaves can be used to
characterize the condition of birch trees in urban areas, the need to monitor the state of plantations, as well
as the timely detection of violations and changes in the condition of individual trees is associated with the
development of measures for planting and justification for the complete replacement of trees and shrubs
and reforestation. Timely forestry measures ensure the preservation of the ecological and social functions

of forest plantations as a component of landscape gardening and an object of recreational use.
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