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Abstract

A method is shown for analyzing the vibrational adaptation of each birch leaf in the growing state by measuring the left and right sides

in the dynamics of ontogeny and fluctuations in the asymmetry of 12 morphological characters. Comparison proved that the fluctuating
asymmetry in 25 leaves, on average, obeys the Gaussian law of normal distribution, but for each leaf at different growing periods, wave
transitions from left to right asymmetry and back are observed at a statistical significance level of 0.01 (measurement errors of 1%). The
scientific novelty is the ontogeny of the meadow grass population according to the data of T. A. Rabotnov in terms of population size from
age and the ontogeny of each leaf of drooping birch without cutting consists primarily not of state stages, which is secondary, but of behavior
quanta in the form of asymmetric wavelet signals, fractally distributed in time of ontogeny in the form of a set of components. In a birch leaf,
the fluctuation is aimed at equalizing the asymmetry. The maximum relative modeling error for five components is 2.83%. A method for
measuring the photodynamics of the morphological features of each registration sheet is proposed. The method of wavelet analysis of
oscillatory adaptation of plants can be used for ontogeny dynamics series obtained in the past and future to identify asymmetric wavelet signals.
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Introduction

The textbook [1] defines development and growth “7. Devel-
opment and growth. In the process of individual development (on-
togenesis), the individual properties of the organism are gradually
and consistently manifested and its growth is carried out. In addi-
tion, all living systems evolve - they change in the course of histor-
ical development (phylogenesis).” A clarification is given (p. 129)
“The process of individual development of an individual from the
beginning of its existence to the end of its life is called ontogeny.”

Then it turns out that the ontogeny, for example, of each leaf of a
birch (Betula pendula) in dynamics from bud break to its fall gives a

@ @ This work is licensed under Creative Commons Attribution 4.0 License |ABBA.MS.ID.OOO610.

strong oscillatory variability (fluctuation) of asymmetry, and on the
average (arithmetic) for many leaves that differ sharply from each
other, an apparent absolute symmetry. Moreover, the distribution
of fluctuating asymmetry in many leaves will obey the so-called
“normal” Gaussian law. But asymmetry, as the main parameter of
the Universe (Docazana..., 2021), will remain even with large num-
bers of leaves (one adult birch has an average of 105 leaves) and the
birch trees themselves, which are common throughout the North-
ern Hemisphere of the Earth [2].

The main object of global and local environmental monitoring
can be a birch with accounting leaves without cutting them accord-
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ing to our inventions. The birch forests of the northern hemisphere
(the Holarctic kingdom according to A.L. Takhtajan [3]) occupy half
the world along the Arctic Ocean. Longitudinal dendrochronologi-
cal birch transect along the Arctic Ocean was studied at the Acade-
my of Sciences of the USSR (Lovelius, 1974).

The average leaves (marked with white threads with tags) are
needed to compare the development and growth of leaves at higher
structural and functional levels. According to [4] “During the imple-
mentation of hereditary information in the process of ontogenesis,
the organism forms species and individual morphological, physio-
logical and biochemical properties, in other words, a phenotype. In
the process of development, the body naturally changes its char-
acteristics, nevertheless remaining an integral system. Therefore,
the phenotype must be understood as the totality of properties
throughout the entire course of individual development, at each
stage of which there are its own characteristics.

We noticed a clear oddity in biologists’ publications. They give
a detailed structural analysis of the shape of the leaves, highlighting
the stages of ontogeny, and try to use them to identify the functional
features of the behavior of the set on average. However, they com-
pletely ignore the main parameter of functioning - the time from the
moment of the beginning of ontogenesis to the moment of abscis-
sion. Taking into account the time in days (the cycle of the Earth’s
revolution around itself) would allow at first to abandon the stages
of ontogeny and consider the continuous dynamics of the develop-
ment and growth of each leaf, without taking into account the dis-
creteness of morphogenesis.

To assess the state of meadow cenopopulations, based on the
concept of the biological age of plants, nine ontogenetic states were
identified in the individual development of I. aphylla: seed, seed-
ling, juvenile, immature, virginal, young generative, middle-aged
generative, old generative, and senile [5]. At the same time, the pe-
riodization of ontogenesis proposed by T. A. Rabotnov [6] and sup-
plemented by A. A. Uranov [7] was used.

T. A. Rabotnov himself [6] writes; “Usually, each independent,
spatially delimited from others, above-ground shoot or bush, which
has its own root system, it is advisable to consider it as an individ-
ual.” Marks a convex curve of the development of an individual [6]:
“... the level of the vital state of an individual, its vegetative power,
after reaching its sexually mature state, increase to a certain limit,
and then, as the individuals age, they decrease.”

Further [6] notes that the life span of plants depends not only
on their biological properties, but also on the growing conditions.
In those days, biologists were fond of grouping data, so the recom-
mendation “For ease of review, the studied individuals are grouped
into age classes with an interval of 5 years” is a mistake due to the
fact that grouping (especially grouping and averaging) changes the
original meaning of a number of primary values of the studied in-
dicator.

He proposed a method for measuring the age of herbaceous
plants [8].

The following recommendation is important for us [6]: “In the
in-depth study of cenoses, the method of observing fixed individu-
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als for a long time deserves special attention. In this way, valuable
materials can be obtained for clarifying many questions of phyto-
cenology and plant biology. Then, according to T. A. Rabotnov, the
accounting leaves of drooping birch can be considered “fixed in-
dividuals”. This allows us to initially abandon the ontogeny of the
birch population itself.

Then A. A. Uranov introduced the concept of a long life cycle
[7], in which he proposed to take into account not nine, as accord-
ing to T. A. Rabotnov, but 11 age states (and in the article [9] pro-
posed eight ontogenetic states). But he himself shows the difficulty
of distinguishing these states [7]. Some of his heuristic arguments
are important for us. For example, the gradualness of transitions is
manifested to the greatest extent if, when distinguishing age states,
one is guided by quantitative signs. The latter, moreover, to a large
extent depend on the topological conditions and the meteorological
conjuncture. Quantitative characters usually change in parallel with
the change in age | states along a smooth one-peak curve.

In the meadow phytocenosis [10], the lack of registration of the
time of the stages of ontogenesis of a blade of grass is justified by
the high complexity and variability. In our opinion, the ban on mea-
suring the current time is clear from the phrase of A. A. Uranov:
“With a small number of descriptions (less than 10), the derivation
of averages does not make sense.” The doctrine of the inviolabili-
ty of the arithmetic mean, at the suggestion of the great Gauss, for
almost 300 years hindered the science of the development of pro-
cesses in plant ontogenesis.

The reasons for the rejection of the current time will be consid-
ered using examples from [11].

According to [11], the main task of phenology is to observe
changes in the annual (revolution of the Earth around the Sun)
cycle of plant development. Data collected in different areas or at
least in one point, but in different years, are compared with each
other. Phenology, in addition, faces the task of identifying patterns
in the course of periodic development and determining the depen-
dence on environmental conditions. The German scientist singled
out a special area of phenology in the form of phenometry, when
measurements of the course of plant growth are performed using
instruments.

But here again there is nothing about the measurement of the
current ontogenetic time. It is noted that the greening (unfolding of
leaves) of a birch for a period of time from 1751 to 1930 near Nor-
wik (England) occurred in 1-9 days (on average, 4 days).

The purpose of the article is to compare the arithmetic mean of
the asymmetry parameters of a set of birch leaves, to compile de-
scriptive statistics and to identify patterns of oscillatory adaptation
of each registration sheet during the growing season.

Materials

Methods for measuring the asymmetry of birch
leaves: The time during which the leaf performs the function of
photosynthesis plays an important role in the life of the plant and
the ecosystem. As a first approximation, this time is defined as the
life span of the leaf. Since the time of leaf development inside a bud
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varies greatly between species, the lifespan of a leaf is defined as
the interval between the appearance of a leaf from a bud and its
abscission [12].

The asymmetry of birch leaves must first be studied in cities.
According to [13], studying the impact of urbanization processes
on urban ecosystems should help predict possible scenarios for the
development of life on Earth.

The arithmetic mean of the relative difference between the par-

ties by five traits according to leaf measurements [14] was taken
as an integral indicator of developmental stability. When the height
above sea level changes by 14.9 times at six points in the Krasnodar
Territory, this indicator changes its values by 55.77%.

In contrast to the known method [15,16], we replaced the mor-
phological sign of the width of the leaf halves with the maximum
width of the leaf halves (Figure 1). It turned out not five, but six
distinguishing features for each birch leaf. All six morphological pa-
rameters are found in the part of the leaf near the petiole.
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Figure 1: Birch leaf asymmetry parameters.
_ J
The leaf asymmetry parameters are as follows: are carried out in two stages: a) photographing the accounting
1 togeth ith th lette usi 11 ph ;b
b', b" - maximum width of the left and right halves of the eaves together wi ¢ pate ? using a cefl phione camera . ) on
sheet. mm: the computer screen, the execution of procedures for measuring 12
’ ’ morphological parameters after enlarging the leaf width to the full
h,h" - height from the base of the sheet to the maximum  screen. After that, the results of the calculations are placed in an
width, mm; Excel table, and then the patterns are identified in the software en-
! i -
l(e Rk l; - length of vein of the second order, second from the vironment CurveExpert-1.40.
base, mm; The method of photodynamics of accounting leaves is given in

! n
li , lf - distance between the bases of the first and second
veins of the second order, mm;

! "
lé ) lé - distance between the ends of the same veins, mm;

’

a', o' - the angle between the main vein and the second vein

from the base of the leaf of the second order; o.

The procedure for experiments on live counting leaves with-
out cutting them is given in the manual [17]. The measurements
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[18].

Initial data on the dynamics of vegetation of account-
ing leaves: For photodynamics and subsequent measurements,
up to 25 countable leaves from five birch trees are sufficient [17].
The recommendation [16] on a one-time removal of 100 leaves (10
birch trees with 10 leaves each) comes from the requirement [10]
“With a small number of descriptions (less than 10), the removal of
averages does not meaning.”
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But, in this article, we do not propose to use the data group-
ing method to calculate the arithmetic mean. Each individual in the
form of a growing leaf is a unique organism. Without averaging and
calculations according to the method of descriptive statistics, it is
necessary to identify the wave patterns of oscillatory adaptation
(fluctuation) of each birch leaf by the identification method.

Table 1: Initial data on measurements of all 25 accounting birch leaves.

First, we show the effect of groupings on the arithmetic
mean values of the 25 recorded leaves, the following individuals
reached their fall: 4 - 163 days (until 10.10.2021); 11 - 156 days
(03.10.2021); 1-149;1-142;1-135;3-100and 4 - 79 days (Table
1).

Width Height Length Distance At the ends Corner
IR L e

' b b n' h" I, polw L d|

1 01.05 0 0 0 0 0 0 0 0 0 0 0 0 0
2 13.06 44 23.6 21.4 18.2 21.1 30.1 29.7 3.4 4.1 9.1 7.8 40 37
3 20.06 51 23.7 21.4 18.4 21.8 30.3 29.7 35 41 9.2 7.8 40 37
378 19.09 142 15.6 16.2 20.5 22.4 19.5 209 5.5 7.3 49 6.8 40.5 36.5
379 26.09 149 15.4 16.3 20.7 224 19.5 20.7 5.5 7.2 49 6.6 40.5 36.5
380 3.1 156 15.5 16.3 20.7 224 19.5 20.7 5.5 7.2 49 6.6 40.5 36.5
Average 19.98 19.88 18.89 20.33 26.86 26.47 4.79 472 | 895 8.93 36.77 | 38.57

05/01/2021 was taken as the beginning of the growing season
at the time of bud break. Then, at the longest time of 163 days be-
fore leaf fall, the error in taking into account the onset of ontogeny
(4 days on average according to (Schnelle, 1961)) is 100 4 / 163 =
2.45%.

The first measurement of photodynamics was made at about
15:00 hours 44 days after the start of bud break. When measured
after 19 days [17], spatial graphs of ontogeny dynamics are shown
in Figure 2.
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Figure 2: Spatial graphs of changes in the length and width of birch accounting leaves.
J

It can be seen from the spatial graphs that the dynamics of
ontogeny can be divided into two stages: a) the onset of ontogeny
without noticeable fluctuations in morphology from 0 to 30 days;
b) there is a dynamics of fluctuations in the parameters of account-
ing leaves.

Then it turns out that this article is devoted to the study of the
second stage of ontogenesis with oscillations.

Initial data on the dynamics of vegetation of the best
accounting leaves: 18 accounting birch leaves with vegetation
periods from 163 to 135 days were recognized as the best (Table 2).
In these individuals, the moment of falling off was noticeable, and
in the seven worst birch leaves, the reasons for the termination of
ontogenesis were insufficiently identified.

In comparison with Table 1, due to the increase in the growing
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season, the average values for all 12 morphological characters have
changed upwards.

Initial data on the dynamics of vegetation of strong
accounting leaves: Obviously, the leaves with the longest grow-
ing season are physiologically strong. There were four such leaves

Table 2: Initial data on measurements of the best 18 birch leaves.

with an ontogeny period of 163 days (Table 3).

As can be seen from the data in Table 3, with the transition from
all 25 counting leaves to strong four individuals, all 12 parameters
of the asymmetry of the counting sheets increase.

Ti Width Height Length Distance At the ends Corner
ime
# Date 2021
7, day b’ b’ h' h" I A Y A A 4
1 01.05 0 0 0 0 0 0 0 0 0 0 0 0 0
2 13.06 44 23.6 21.4 18.2 211 30.1 29.7 3.4 4.1 9.1 7.8 40 37
3 20.06 51 23.7 21.4 184 21.8 303 29.7 35 41 9.2 7.8 40 37
320 19.09 142 15.6 16.2 20.5 224 19.5 209 5.5 7.3 49 6.8 40.5 36.5
321 26.09 149 15.4 16.3 20.7 22.4 19.5 20.7 5.5 7.2 4.9 6.6 40.5 36.5
322 3.1 156 15.5 16.3 20.7 224 19.5 20.7 5.5 7.2 49 6.6 40.5 36.5
Average of 322 20.26 20.09 18.58 20.4 27.2 26.76 4.67 4.71 9.01 9.1 37.24 39.31
Average of 380 19.98 19.88 18.89 20.33 26.86 2647 | 479 | 472 | 895 | 893 | 36.77 | 3857
Table 3: Initial data on strong birch leaves.
Width Height Length Distance At the ends Corner
# Date | Time 7, ’ " ' " ' "
2021 ' " ’ " ' '
day b b h h L, I I O A A A
1 01.05 0 0 0 0 0 0 0 0 0 0 0 0 0
2 13.06 44 23.6 21.4 18.2 211 30.1 29.7 3.4 4.1 9.1 7.8 40 37
3 20.06 51 23.7 214 18.4 21.8 30.3 29.7 35 41 9.2 7.8 40 37
74 26.09 149 24.1 249 19.4 269 31.3 324 5 33 11.3 13.2 46 54
75 3.1 156 23.7 25 19.3 26.9 31.4 32.3 5 3.3 11.2 13.3 46 54
76 10.1 163 23.7 25 19.3 269 31.4 32.3 5 33 11.2 13.3 46 54
Average of 76 22.12 20.77 20.35 22.42 29.8 28.16 4.79 5.05 9.62 9.86 38.29 39.45
Average of 322 20.26 20.09 18.58 20.4 27.2 26.76 | 4.67 | 471 | 9.01 9.1 37.24 | 3931
Average of 380 19.98 19.88 18.89 20.33 26.86 26.47 479 | 4.72 8.95 8.93 36.77 38.57

Initial data on the dynamics of vegetation of one
strong accounting sheet: Each birch registration sheet has its
own character of behavior. Let us choose one registration sheet, in
which over time from 05/01/2021 to 10/10/2021 there is a tran-

Table 4: Initial data on birch strong sheet No. 4-1.

sition from right-sided to left-sided asymmetry. In this case, there
is a strong oscillatory adaptation of the registration sheet No. 4-1
(Table 4) to the external conditions of life, which changes during
ontogenesis in the air space around this sheet.

Width Height Length Distance At the ends Corner
# Date 2021 | Time 7,
day /X "L N "L (A 0 S Y N B O Y (A B A BV P
1 01.05 0 0 0 0 0 0 0 0 0 0 0 0 0
2 13.06 44 22.6 22.0 20.9 23.7 30.9 28 4.4 2.6 11.1 14.6 44 52

Citation: P. M. Mazurkin*. Symmetry of a Set of Leaves in The Average And Asymmetry of Each Leaf of a Birch (Betula Pendula)
InThe Dynamicsof Ontogenesis.Annal Biostat&Biomed Appli.5(2):2023.ABBA.MS.ID.000610.D01:10.33552/ABBA.2023.05.000610.

Page 5 of 17


http://dx.doi.org/10.33552/ABBA.2023.04.000610

Annals of Biostatistics & Biometric Applications Volume 5-Issue 2

3 20.06 51 23.7 22.2 19.0 25.5 30.9 29.2 4.8 3 11.1 14.4 45 53
4 27.06 58 23.1 23.4 20.7 26.6 30.9 314 4.8 3 11.1 14.3 45 53
5 4.07 65 19.4 22.4 20.3 26.7 30.4 31 4.8 3 10.7 14.7 45 53
6 11.07 72 19.4 22.4 20.3 26.7 30.4 31 4.8 3 10.7 14.5 45 53
7 18.07 79 19.7 21.3 18.6 26.4 31.9 29.9 4.8 3 11.4 14.2 46 53
8 25.07 86 19.7 21.3 18.6 26.4 319 29.9 4.8 3 11.4 14.2 46 53
9 1.08 93 20 21 19.7 27.8 30.2 30.1 4.8 3 119 14.5 46 53
10 8.08 100 22.2 21.3 21.6 27.6 31.3 30.6 4.9 3.1 11.6 13.6 46 53
11 15.08 107 22.2 21.3 21.6 26.6 31.3 30.6 4.9 3.1 11.6 13.6 46 53
12 22.08 114 23.1 22.2 21.2 26.9 31.3 309 4.9 3.1 11.5 13.4 46 54
13 29.08 121 24.2 24.8 21 26.8 31.3 31.3 5.0 3.3 11.5 13.3 46 54
14 5.09 128 24.5 24.6 20.7 26.6 31.4 318 5.0 3.3 11.5 13.3 46 54
15 12.09 135 24.8 24.2 19.8 26.5 315 324 5.0 3.3 11.5 13.2 46 54
16 19.09 142 24.4 24.7 19.5 26.9 31.3 323 5.0 3.3 11.4 13.2 46 54
17 26.09 149 24.1 249 19.4 26.9 31.3 324 5.0 3.3 11.3 13.2 46 54
18 3.1 156 23.7 25.0 19.3 26.9 31.4 323 5/0 3.3 11.2 13.3 46 54
19 10.1 163 23.7 25.0 19.3 26.9 31.4 32.3 5/0 3.3 11.2 13.3 46 54
Average of 19 21.29 21.79 | 19.03 | 25.18 29.53 29.34 4.62 295 | 10.72 | 13.09 | 43.26 | 50.58
Average of 76 22.12 20.77 | 2035 | 2242 29.8 28.16 4.79 5.05 9.62 9.86 38.29 | 39.45
Average of 322 20.26 20.09 | 18.58 20.4 27.2 26.76 4.67 4.71 9.01 9.1 37.24 | 39.31
Average of 380 19.98 19.88 | 18.89 | 20.33 26.86 26.47 4.79 4.72 8.95 8.93 36.77 | 38.57
Notes: bold indicates maximum values, italics indicate mini- Initial data on the fluctuating asymmetry of one birch
mum values. registration sheet: Table 5 shows fluctuation rates for birch leaf
The comparison shows that for one record sheet strong in No. 4-1.
terms of the growing season, all 12 morphological indicators differ The following designations are adopted here (when viewed
significantly from the group averages. from the front side of the sheet):

Table 5: Fluctuating asymmetry data for birch registration sheet No. 4-1.

Width Height Length Distance At the ends Corner Gener.
Date 2021 | Time 7 —
, day 0) %
A, 0, 4, 0, 4 o | A4 | 0, | 4| op | 4, | o,

1.05 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13.06 44 0.6 1.35 -2.8 -6.28 2.9 4.92 1.8 25.71 | -3.5 | -13.62 -8 -8.33 0.63
20.06 51 1.5 3.27 -6.5 -14.61 1.7 2.83 1.8 23.08 | -3.3 | -12.94 -8 -8.16 -1.09
27.06 58 -0.3 -0.65 -5.9 -12.47 -0.5 -0.8 1.8 23.08 | -3.2 | -126 -8 -8.16 -1.93
4.07 65 -3 -7.18 -6.4 -13.62 -0.6 -0.98 1.8 23.08 -4 | -15.75 -8 -8.16 -3.77
11.07 72 -3 -7.18 -6.4 -13.62 -0.6 -0.98 1.8 23.08 | -3.8 | -15.08 -8 -8.16 -3.66
18.07 79 -1.6 -39 -7.8 -17.33 2 3.24 1.8 23.08 | -2.8 | -10.94 -7 -7.07 -2.16
25.07 86 -1.6 -39 -7.8 -17.33 2 3.24 1.8 23.08 | -2.8 | -10.94 -7 -7.07 -2.16

1.08 93 -1 -2.44 -8.1 -17.05 0.1 0.17 1.8 23.08 | -2.6 | -9.85 -7 -7.07 -2.19
8.08 100 0.9 2.07 -6 -12.2 0.7 1.13 1.8 22.5 -2 -7.94 -7 -7.07 -0.25
15.08 107 0.9 2.07 -5 -10.37 0.7 1.13 1.8 22.5 -2 -7.94 -7 -7.07 0.05
22.08 114 0.9 1.99 -5.7 -11.85 0.4 0.64 1.8 22.5 -19 | -7.63 -8 -8 -0.39
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29.08 121 -0.6 -1.22 -5.8 -12.13 0 0 1.7 2048 | -1.8 | -7.26 -8 -8 -1.36
5.09 128 -0.1 -0.2 -5.9 -12.47 -0.4 -0.63 1.7 2048 | -1.8 | -7.26 -8 -8 -1.35
12.09 135 0.6 1.22 -6.7 -14.47 -0.9 -1.41 1.7 2048 | -1.7 | -6.88 -8 -8 -1.51
19.09 142 -0.3 -0.61 -7.4 -15.95 -1 -1.57 1.7 2048 | -1.8 | -7.32 -8 -8 -2.16
26.09 149 -0.8 -1.63 -7.5 -16.2 -1.1 -1.73 1.7 2048 | -19 | -7.76 -8 -8 -2.47
3.1 156 -1.3 -2.67 -7.6 -16.45 -0.9 -1.41 1.7 2048 | -2.1 -8.57 -8 -8 -2.77

10.1 163 -1.3 -2.67 -7.6 -16.45 -0.9 -1.41 1.7 20.48 | -2.1 | -857 -8 -8 -2.77
Average -0.5 -1.17 -6.15 -13.2 0.19 0.34 1.67 2095 | -237 | -941 | -7.32 | -7.39 -1.65

A - absolute asymmetry of the left from the right side of the
sheet, 4= y' ="

O - relative asymmetry according to the formula
0=1004( y'+y") ,%.

In this case, the sign + 4 will always show left-sided asymme-
try, and with the sign — 4 there will be right-sided asymmetry of
the birch count sheet.

The dynamics of ontogeny is characterized by the fact that each
leaf, due to changes in phenotypic factors, during the growing sea-
son can several times move from left-sided to right-sided asymme-
try and vice versa. The dimension of relative asymmetry in percent
gives advantages in computer calculations and visibility.

General relative asymmetry O = f(r) according to 12 mor-
phological features (six left and six right sides of the sheet) is calcu-
lated by the formula.

O =(o,+0,+0,+0, +0, +0,)/6 . (1)

On average for accounting sheet No. 4-1 birch drooping
0=-1.6 %-

There is a well-known scale [16] of the indicator of develop-
mental stability: I point - less than 0.040, which means that air
pollution does not affect the plant, there is a high stability in the
development of birch leaves; II - 0.040-0.044 weak influence of un-
favorable factors; III - 0.045-0.049 for moderately polluted places;
IV - 0.050-0.054 contaminated sites; V - more than 0.054 for heavily
polluted areas.

For sheet No. 4-1, developmental stability was obtained
0]=1.6 % or (without taking into account the left and right sides)
0.0165. This value is much less than the first score of 0.040. The
indicator characterizes only a small sphere around one accounting
sheet of birch, therefore, for other accounting sheets, other values
of the stability indicator are possible.

Initial data on fluctuating asymmetry of all 25 ac-
counting leaves: Table 6 shows the following parameters ac-
cording to the birch leaf accounting codes:

Table 6: Relative asymmetry of leaves on average for the growing season.

Code T ,day 0 ,% Code T, day 0,% Code T, day 0,%
1-1 163 -0.32 2-5 100 1.12 4-4 79 -2.86
1-2 142 -3.41 3-1 156 2.69 4-5 149 -0.76
1-3 163 2.32 3-2 156 3.04 5-1 156 1.09
1-4 163 -1.28 3-3 156 -0.76 5-2 156 -4.85
1-5 156 0.46 3-4 156 -2.96 5-3 156 -1.9
2-1 79 11.31 3-5 135 -0.33 5-4 156 -1.61
2-2 79 -0.66 4-1 163 -1.65 5-5 156 -5.45
2-3 100 2.52 4-2 79 2.83 Average for 25 leaves
2-4 100 2.47 4-3 156 -0.2 - - 0.03%

T - growing season of each of the 25 accounting birch leaves,
days;

O - average relative asymmetry over the growing season, %.

On average, for 25 leaves was obtained 55 =0.034% , There-
fore (according to V.M. Zakharov) the leaf population gives a high
stability of ecological development 0.00034 << 0.04. A wide range
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of changes (developmental instability) was obtained for individ-
ual registration sheets from -5.45% (right-sided asymmetry) to
11.31% (left-sided asymmetry). This interval overlaps the range
of developmental stability index [16] in air microvolumes around
each birch census leaf.

Then the function O = £(T') isinfluenced by many phenotypic
factors that vary significantly for individual leaves.
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Methods for Identification of Regularities by The
Results of Measurements

Generic Asymmetric Wavelet for Simulation: In nature,
all processes occur according to the wave equations of oscillatory
adaptation according to the general formula of the quantum of
behavior [19-24] in the form of an asymmetric wavelet signal
(solitary wave)

y= Zyi, V; = A, cos(mx/ p; —ay;)
i-1

— ay; Ay — as;
4 = axmrexp(-a,x™)  p=ag +agx” @

’

where Y- is the indicator (dependent factor), i - is the num-

ber of the component (2) or quantum of the system behavior, /7
- is the number of members (quanta) in the model (2), X - is the
explanatory variable, a,...ag- are the parameters of each member
of the model (2); A, - is the variable amplitude (half) of the asym-
metric wavelet, P; - is the variable half-cycle of the oscillation.

A trend is formed when the oscillation period a_5i tends to in-
finity. Most often, the trend is formed from two members of the for-
mula (2).

Patterns of the number of individuals in a grass pop-
ulation from age: Using the initial data as an example [6] (Table
1), we will show the identification of the wave equation (2). The
results are shown in Table 7 and Figure 3. The age range is from 0 to
45 years, since there are gaps in the data after 45 years.

Table 7: Components of the model (2) wavelet analysis of the number of individuals from age.

Two term trend

Asymmetric wavelet ), = a, X exp(—a,x"“)cos(m ( a,, + a,x")—a,,)
. Coef.correl.
1 Amplitude (half) oscillation Half cycle oscillation Shift %
@; ay; as; Ay as; A, a7 Qs;
1 506.27897 0 1.18468 0.71814 0 0 0 0
2 0.12729 2.03377 0.00045480 2.36571 0 0 0 0 0.9826
3 -1.3178e-12 13.5221 0.44688 1.05013 1.60639 0.00053820 2.10336 -0.51654
4 1.49017 1.84362 0.20771 1 -117.542 121.45386 0.008732 4.35673 0.3386
5 -2.304e-135 108.4066 0.025269 2.26031 1.44719 0 0 5.3534 0.8085
6 -1.0651e-107 123.3901 5.96914 1.00146 0.13321 0.013011 1.00893 5.17376 0.7939
~ ~
— u BEETD
lr-‘:;“?m““ - rea.
-
-
nl-"': = =

Third wavelet
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Figure 3: Graphs of fractal components according to table 7 of the number of individuals from age.
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In total, six components were identified in the form of wavelets
of the general model (2) of the dynamics of the number of individu-
als in the population of anemone tufted on the fire-moist-forb sub-
alpine meadow.

The first term is the Mandelbrot law modified by us in the form
of the law of exponential death. According to the classification [7],
the left-sided spectrum indicates that the population is young. If the
sign of the first term is positive according to the law of exponential
growth, then the spectrum will be right-handed. In this case, the
population should be considered as a residual set of individuals and
characterized as relatively old.

The second component is the biotechnical law of prof. P. M. Ma-
zurkin [19] and he physically characterizes the stress excitation of
the population in a certain age interval. It is he who determines the
diversity of spectra from a young population to an old one. There-
fore, the first two terms (Table 7) make it possible to perform a
spectral analysis of the number of populations depending on age.
For all meadow cenoses on Earth, there may be an infinite number
of spectra.

Together, the three terms represent the computational capa-
bilities of the CurveExpert-1.40 software environment. Therefore,
the overall correlation coefficient (a measure of the tightness of the
relationship) is 0.9826. According to the level of adequacy (0.5-0.7
- medium connection, 0.7-0.9 - strong connection, 0.90-0.95 - the
strongest factorial connection, 0.95-0.99 - superstrong connec-

tion), the first three terms give the level of superstrong connection.

The four waves show the oscillatory adaptation of the popula-
tion with age. All of them belong to finite-dimensional wavelets, so
they have relatively clear left and right age boundaries. Moreover,
all six components show fractal (according to Mandelbrot) distri-
butions and therefore are quanta of population behavior.

Results and Discussion

Technical solutions for indication methods at the
level of inventions: Since 2001, 18 patents for inventions have
been received for indication and testing of the natural or natural-
anthropogenic environment with the leaves of trees (birch, oak
and spruce). The first patent No. 2374828 (to get a description
of the patent, you need to type the number of the patent for
the invention on the website https://fips.ru/registers-web/
action?acName=clickRegister&regName=RUPAT) in 2007 was
obtained for a method of testing plants according to leaf sample
weight.

In patent No. 2466351 (06/08/2011), for the first time, a meth-
od was proposed for photographing taken (cut) leaves of different
plants through a transparent mesh palette on a cell phone. Patent
No. 2477039 protected a method for measuring the shape of the
leaves of woody plants, for example, cut oak leaves, each of which
is placed on a sheet of graph paper and then outlined with a pencil.
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With master Semenova D.V. patents (2549779, 2556980,
2556985, 2556987, 2559748 and 2580647) were obtained for
methods of indicating the city square by measuring and modeling
the asymmetry of birch leaves. At the same time, V. M. Zakharov’s
method for the asymmetry of leaves of silver birch did not change
[25].

Then a method was developed for photoindication of droop-
ing birch leaves without cutting them [26-32]. Method patents
have been obtained (2589487, 2597643, 2597645, 2606189 and
2615363). Moreover, in the latter method, asymmetry fluctuations
were noticeable during ontogenesis. The method for measuring the
length, width, perimeter and area of count leaves includes such ac-
tions. A transparent palette with a grid (cells 2x2 mm) is placed on
the front side of the growing leaf so that the middle line along the
palette coincides with the axis of the longitudinal vein of the leaf.
On the reverse side of the sheet, a white solid substrate is placed.
The palette sheet is then photographed with a digital camera with
a photo storage function. On the computer, the photo of the sheet is
cut, then enlarged for measurements to A4 format.

We consider the relative fluctuating asymmetry of 12 morpho-
logical parameters of birch leaves during the growing season as an
oscillatory adaptation of each record sheet to changes in the exter-
nal environment surrounding this leaf.

Urban environment and biometeorological assess-
ment based on birch leaves: The center of the city of Yosh-
kar-Ola is located in geographic coordinates (East longitude
47.89080, North latitude 56.63880, elevation above the Baltic Sea
94 m). The territory of the city is only about 10 km2, therefore, for
any places of pollution indication, these coordinate values can be
conditionally accepted [33]. We consider urbanization as a geo-
graphical contraction of all parameters of the life of the population,
including the population, to the centers of the capitals of the con-
stituent entities of the Russian Federation. The population gradual-
ly centrifugally tends to the centers of the capitals of the subjects of
the federation.

Biometeorological assessment of climate and air quality in Ger-
many is carried out for urban and landscape planning [34]. All 104
surveyed (five factors and 12 indicators) German cities were divid-
ed into four groups according to the readiness index for adapting to
a changing climate [35]. Basically, urban biometeorology is needed
for humans [36]. The growing season becomes one of the important
ecosystem processes, since leaf development is very sensitive to air
temperature. Therefore, the future of climate is in leaf observations
[37]. It is especially promising to monitor the behavior of glandular
hairs on the surface of drooping birch leaves [38]. The leaves pro-
duce them throughout the growing season.

The microclimate in the urban environment is formed by com-
munities of trees, shrubs and lawn grasses. The article [39] dis-
cusses phytometeorology, in particular, the influence of the sum
of temperatures on the leaves of drooping birch in ontogenesis.
Highly adequate models with wave components were obtained on
the accounting leaves of a young birch growing in ecologically clean
conditions. It has been proven that air pollution dampens the mech-
anism of oscillatory adaptation of leaves in ontogeny.

Regularities were also obtained showing a relatively weak
influence of groups of five accounting leaves located on separate
branches, depending on the azimuth, radius from the axis of the
trunk and the angle of junction of the branch to the trunk of a young
birch [17]. Each index sheet was marked with a white thread with
a sheet number tag attached to the petiole at the base of the sheet.
The monograph [40] also shows the distribution of grass, bushes,
and trees.

Descriptive statistics of one record sheet without
cutting it. Variation - the difference in the values of a distinctive
feature in different units of a set of parameters for the same period
of time. The first zero values from Table 4 are not taken into account
(18 measurements). The results of calculating the indicators of de-
scriptive statistics to justify the required number of measurements
in a given period of time will be placed in Table 8.

Table 8: Descriptive statistics of the distribution of sheet halves measurements #4-1.

Width Height Length Distance At the ends Corner

’ " ’ " !’ !’ ! 1’ 0 D ' ’

Indicators b b h h @ i i i le le (04 (04

A nax , mm 24.8 25.0 21.6 27.8 319 32.4 5.0 3.3 119 14.7 46 54

@ yyun , mm 19.4 21.0 18.6 23.7 30.2 28.0 4.4 2.6 10.7 13.2 33 52

R, mm 5.4 4.0 3.0 4.1 1.7 4.4 0.6 0.7 1.2 1.5 2 2
a , mm 22.47 23.00 20.08 26.58 31.17 30.97 4.87 3.11 11.32 13.82 45.67 53.39
aé', mm 1.63 1.40 0.84 0.49 0.37 0.95 0.11 0.15 0.24 0.54 0.48 0.54

2

O, mm? 3.81 2.38 0.94 0.74 0.22 1.51 0.02 0.04 0.09 0.33 0.35 0.37
O ,mm 1.95 1.54 0.97 0.86 0.47 1.23 0.15 0.19 0.31 0.58 0.59 0.61
P 0.24 0.17 0.15 0.15 0.05 0.14 0.12 0.23 0.11 0.11 0.04 0.04
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m 0.07 0.06 0.04 0.02 0.01 003 | 002 | 005 | 002 004 | 001 0.01
V5% 8.68 6.70 4.03 3.24 151 397 | 3.08 | 611 | 274 | 420 127 1.14
P.% 2.05 2.99 1.80 1.44 0.67 177 | 137 | 273 | 122 188 | 057 051

[t]‘f , mm 5.62 444 2.79 2.48 135 354 | 043 | 055 | 0.89 1.67 1.70 1.76

0dio

max ,mm | 28.09 27.44 22.87 29.06 32.52 3451 | 530 | 3.66 | 1221 | 1549 | 4737 55.15
0did

min ,mm | 16585 18.56 17.29 24.10 29.82 2743 | 444 | 256 | 1043 | 1215 | 4397 51.63
[”],pcs. 6 5 3 3 2 4 1 1 1 2 2 2

Table 8 shows the following indicators of descriptive statistics:
a,.x — maximum value in the sample; @, - minimum value; R
- range of statistical sample values; ¢ - arithmetic mean; a, -
mean linear deviation; & *- sample variance; O _standard (root
mean square) deviation; o - relative range; 71 - relative devia-

tion; J - coefficient of variation (indicator of variability), %; P
o ) i i

accuracy rate, %; a.,. - theoretical maximum value; a,. - the-

oretical minimum value; [n] - allowable number of observations

(measurements), pcs.

Table 9: Parameters of the model (2) of the dynamics of ontogeny for the overall relative asymmetry.

Asymmetric wavelet y, = a, x” exp(—a, x“" ) cos(mx ( a,, + a,x"")—ay,)

. Coef.correl.
1 Amplitude (half) oscillation Half cycle oscillation Shift %

@; ay; a; Ay as; Ay a;; as;
1 -0.014512 0 -0.028310 1.01021 0 0 0 0
2 -1.61517e-7 4.05471 0.0031482 1.47345 0 0 0 0 0.9972
3 0.25899 0.95938 0.026503 1 42.29074 0 0 2.07067 .
4 7.14273e-13 8.03007 0.078239 1.03813 6.29071 0.030033 1.00343 3.46625
5 -7.10427e-13 7.27526 0.051709 1.07038 5.71552 0.0095572 1.00938 5.47441 0.9972

Absolute Variation Parameters. The range of the sample
is given by the formula . 1L —
= a;=a i | (5)
R= amax Qi - 3) nig

The range of variation shows the change in the values of the
attribute with fluctuations from the maximum to the minimum, but
does not take into account the distribution of the attribute between
them.

The arithmetic mean @ of the sample is determined by the
formula

- 1
a=—>4, 0
. noio
where ! - is the number of a member of the statistical series,
from 1to 18, 1 -isthe number of members of the statistical series
(18), pcs., g, - is a member of the statistical series on the left or
right sides of the registration sheet.

The average linear deviation @, characterizes the average de-
viation modulo the individual values of the attribute from the aver-
age level and is determined by the expression
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The variance & of a small sample relative to the arithmetic
mean of the indicator, with the number of observations less than
20, is calculated by the formula

L3 (o, -af
2 \ S
o= a. —da (6)
n-1 ; '
The standard deviation O is defined as follows:
[ 2 7
O =~NO0O . <

The standard deviation shows the absolute deviation of the ac-
tual (measured) values of the indicator from the arithmetic mean.

Relative measures of variation. The relative range P of
variation (coefficient of oscillation) is determined by the relation
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p=Rla ®)

The relative modulo deviation 777 (linear coefficient of varia-
tion) is calculated from the mathematical relation

m=a,la 9
The coefficient of variation V', % (variability index) of the sta-
tistical sample will be determined by the formula

V =100c/a (10)

The coefficient of variation of a random variable (in the next
section we will show that 12 parameters of the accounting sheet are
not random, but quite regular) - a measure of the relative spread of
the values of a random variable; shows what proportion of the aver-
age value of this quantity is its average spread. Unlike the standard
deviation, it measures not the absolute, but the relative measure of
the spread of the attribute values in the statistical population. Cal-
culated as a percentage. The greater the value of the coefficient of
variation, the relatively greater the spread and less evenness of the
values of the indicator under study.

The observation accuracy index is calculated by the formula

P=V/n (11)

According to Table 8, the maximum value of the accuracy index
is 3% for the width of the right side of a birch leaf, which is much
less than the value of 5% allowed in technical experiments.

Data credibility and allowable number of measure-
ments: Confidence intervals for changes in the studied indicator
will be equal to:

0did

a— [t]O'; a,..

odis
min

a =a-+ [t]O'_ (12)

At the level of statistical significance a = 0.01 (measurement
errors 1%) and the number of observations 7 = 8 , Student’s t-test
is [t] = 2.88. Student’s distribution or t-distribution depends on
only one parameter - the number of degrees of freedom, which is
equal to the number of individual values of the feature (the num-
ber of observations in the sample). The value of the t-criterion for
a given number of degrees of freedom and the level of statistical
significance a can be found in the lookup tables.

To exclude observation, it is necessary to find out the essence
of the deviation (the so-called “special” measured points). Formally,
if the relation

A nax = aiff 1 d i > aria;ié ! (13)

then such an observation is left in the statistical population.
In biology, singular points (assuming high reliability of the initial
data) are carefully studied, since this is where scientific break-

throughs can turn out.
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U3 product, the allowable value of the minimum number of
measurements [n] is calculated by the formula.

n>[tlo /[A]=[n]

Let us take the measurement error [A] =1% and the value of
Student’s criterion [¢]= 2.88. The calculation results are shown in
Table 8. It turned out that the maximum allowable number of ob-

(14)

servations is 5.62 (the nearest maximum integer is 6) for the width
of the left side of a birch leaf. In this case, condition (13) is satisfied.
Then we can conclude that the statistical sample of 18 members
(excluding zero values at the beginning of ontogeny) for sheet No.
4-1 for 12 parameters completely obeys the normal distribution ac-
cording to the Gauss law.

However, at least 15 measurements are required to identify
wave patterns by the identification method. The measurements
were carried out every 7 days (1/4 of the lunar cycle). The closer
the dates of measurements to the beginning of the growing season
on May 1, the higher the measurement error. Therefore, in the veg-
etation period from 0 to 30 days, it is necessary to clarify the pro-
posed method of fluctuating asymmetry of birch leaves.

Patterns of dynamics of ontogeny of a separate record
sheet: We exclude the 0.05% significance measure [41], as indicat-
ed by the results of descriptive statistics in Table 8 and evaluate
the adequacy of the formulas by the correlation coefficient. The dy-
namics of growth and decline of accounting birch leaves [42,43] of
leaves has a high quantum certainty, individual wave components
give a clear decomposition into behavioral quanta during the grow-
ing season.

To identify formula (2), table 5 was adopted with 19 measure-
ments of the total relative asymmetry of the registration sheet No.
4-1 during the growing season (Table 9).

Table 9 and Figure 4 show the parameters of the model (2) and
graphs identified by the computational capabilities of the CurveEx-
pert-1.40 software environment. The overall correlation coefficient
is 0.9972, which indicates a very high level of adequacy of the iden-
tified statistical model. At the same time, both trend members re-
ceived a negative sign, which indicates an increase in the right-sid-
ed asymmetry during the growing season.

The third and fourth members of the model in Table 9, as
asymmetric wavelets, actually show the dynamics of the process
of multiple fluctuations (oscillations) of leaf asymmetry. They have
a positive sign, so they show the tendency of the accounting birch
leaf back to the left-sided asymmetry. As a result, there is an oscilla-
tory adaptation of the development and growth of the registration
sheet to changes in the air environment surrounding sheet No. 4-1.
The fluctuation is physically always directed towards equalization
between the left-handed and right-handed asymmetries. With the
annual growth and development of birch, is directional evolution
observed in changes in buds and leaves? This question can be an-
swered by annual measurements of leaf parameters on one branch
of silver birch with a minimum sample of five leaves [44-46].
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The fifth wavelet signal of the model (2) and the residuals after ~ days. By a negative sign, this term of the model from table 9 shows
it are shown in Figure 5. the tendency to right-sided asymmetry.

The fifth wave of oscillatory perturbation (fluctuation) covers The modeling error is estimated by the residuals from the five-
the time interval 163 - 44 = 119 days of the growing season of 163  term model from Table 9 (Table 10).

5=0.00238763
r= 053717866

o

: B
%
1 .
J_____:_____.I

T
494 1733
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Fifth component according to table 8

R et T R SR

T
0.0 239 53.8 L 1733

Remains after the fifth component

Figure 5: Fifth term (2) and residues after it.

Table 10: Fifth term (2) and residues after it.

Date 2021 Time 7 , day Gener. O % Remains & Error A, %

1.05 0 0 0.0145122 o0

13.06 44 0.63 -0.00729193 -1.16
20.06 51 -1.09 0.00401039 -0.37
27.06 58 -1.93 -0.00105142 0.05
4.07 65 -3.77 -0.00382085 0.1

11.07 72 -3.66 0.00781578 -0.21
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18.07 79 -2.16 -0.00224955 0.1
25.07 86 -2.16 -0.0043148 0.2
1.08 93 -2.19 0.00389801 -0.18
8.08 100 -0.25 -0.00328319 1.31
15.08 107 0.05 -0.00141256 -2.83
22.08 114 -0.39 0.00817487 -2.1
29.08 121 -1.36 -0.00399629 0.29
5.09 128 -1.35 -0.00393133 0.29
12.09 135 -1.51 0.00599845 -0.4
19.09 142 -2.16 -0.00359956 0.17
26.09 149 -2.47 -0.00704559 0.29
3.1 156 -2.77 0.00790879 -0.29
10.1 163 -2.77 0.0141849 -0.51

The maximum relative modeling error modulo is only 2.83%.
Then the wavelet analysis of the behavior of birch leaf No. 4-1

Patterns of ontogeny dynamics in 25 birch leaves:
Table 6 shows the average relative asymmetries for 25 accounting
gives a reliable picture of the dynamics of behavior during the birch leaves in the dynamics of ontogeny.

growing season. o .
After structural-parametric identification (2), the formula was

obtained

Moreover, the wave behavior of a separate accounting sheet can _
P 8 0 =0.0060477 exp(1.555217°**™) ~1.89935.0 7>

(15)
be studied even without recording the parameters of the air micro-

environment surrounding this sheet. This formula is a two-term trend, and both trend components

In the future, it will be possible to study the influence of pheno-
typic parameters by measuring the environment with devices.

We distinguish two types of behavioral quanta in the ontogeny
of birch leaves during the growing season:

firstly, in dynamics, each factor of 12 distinguishing features,
including the general relative asymmetry, is divided into a sum of
wavelets, that is, in time this factor is represented as a bundle of
solitary waves (solitons) and this process is characterized as quan-
tum certainty;

secondly, the mutual influence of the 12 above morphological
features with a measurement frequency every seven days addition-
ally receives quantum uncertainty (in quantum mechanics, quan-
tum entanglement, and in macroobjects in the form of accounting
leaves, quantum uncertainty) at the beginning of the growing sea-
son up to 30 days. At the beginning of ontogenesis, we get infinity,
that is, uncertainty, which will need to be revealed in the future.

Then any phenomenon or process in the life of growing birch
leaves can be assessed by the level of adequacy (correlation coef-
ficient) of the decomposition of the functional connectivity of the
“leaf - microenvironment” system into quantum certainty and un-
certainty.

We believe that birch plants, over more than 180 million years
of evolution on Earth, have learned to understand the quantum be-
havior of their vegetative organs through the biological mechanism
of oscillatory adaptation to changes in temperature, pressure and
air humidity, as well as the parameters of the location of different
zones in the tree crown.
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are special cases of the wave function (2), provided that the half-pe-
riod of the oscillation is much greater than the interval of the grow-
ing season. In this case, it is accepted a5; = % and the cosine func-
tion in formula (2) turns into 1.

The first term is the Mandelbrot law (in physics) modified by
us ¢ =1, subject to the exponential growth law. Mandelbrot’s law
has the form y=aexp(£h ) . It is also called the Laplace law in
mathematics, the Zipf-Pearl law in biology, and the Pareto law in
econometrics. In this case, the first term of equation (15) charac-
terizes the natural increase in the parameters of the sheet plate,
and other components, including wave ones, give the influence of
factors external to the sheet.

Then it turns out (Figure 6) that the second component (15),
due to the negative sign, shows the negative impact of external phe-
notypic factors on the development and growth of the leaf organism
according to the formula of a power mathematical function.

In the process of ontogenesis of 25 countable leaves from for-
mula (15), at the time of bud break, an average left-sided asymme-
try of 0.0060% is typical. Then it increases to 79 days, and after
that it gradually decreases, reaching an equilibrium between the
left and right sides of the leaves in 121 days.

After this moment, there is a transition to right-sided asymme-
try, and the transition process continues up to 149 days. Then the
population of 25 counted leaves again tries to go to the left asym-
metry. Zero relative asymmetry, that is, a certain balance or symme-
try, four leaves reach a growing season of 163 days, but then these
accounting leaves also fall off.
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Twe-component trend (15)
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Figure 6: Influence of ontogeny on leaf asymmetry.
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Due to the influence of phenotypic factors, the function
O = f(T) receives the level of adequacy “weak connection” (0.3-
0.5) with a correlation coefficient of 0.4648.

A significant number of accounting leaves (11 pieces) reached
the growing season of 156 days. To increase the reliability of the
model (15), further experiments need to understand the effect
of the growing season from 150 to 162 days when measured, for
example, every day. At the beginning of the growing season, mea-
surements should be taken three days later, starting from 30 days
(instead of 44) after the start of the growing season. Finally, using a
complex of phenometric instruments, one should measure the phe-
notypic factors of the drooping air microenvironment surrounding
the accounting birch leaves in order to identify their influence on
the dynamics of ontogenesis.

Conclusion

A method is proposed for measuring the relative asymmetry of
six morphological features (maximum width, height of maximum

width, length of the second-order vein, distance between the bases
of the veins, the distance between their ends, the angle between the
main and second vein) in the dynamics of the growing season on
the left and right sides of each leaf. birches (Betula pendula) with-
out cutting them. Moreover, the growing season is taken equal to
zero at the time of bud break. Measurements begin after 28-30 days
from the beginning of ontogenesis.

All six morphological parameters are found in the main part of
the list near the petiole. For measurements, a transparent palette
with a grid (cells 2 x 2 mm) is placed on a growing leaf from the
front side without cutting it so that the middle line along the pal-
ette coincides with the axis of the longitudinal vein. A solid white
substrate is placed on the back of the sheet. Then the sheet with
the palette is photographed with a digital camera with the function
of storing photographs. On the computer, each photo of the sheet
is cropped, then the photo is enlarged for measurements up to A4
format.
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Each birch registration sheet has its own character of behav-
ior. The comparison shows that for one record sheet strong in the
growing season, all 12 morphological indicators differ significantly
from the average for the leaf group. New sheet parameters were
introduced: absolute asymmetry of the left from the right sides of
the sheet; relative asymmetry, %. In this case, the “+” sign will show
left-sided asymmetry, and with the “-” sign there will be right-sided
asymmetry of the birch accounting sheet. The dynamics of ontog-
eny is characterized by the fact that each leaf during the growing
season can move several times from left to right asymmetry and
vice versa. The total relative asymmetry of the birch count sheet
according to six left and six right morphological characters is calcu-

lated as one sixth of the sum of relative asymmetries.

On average, for 25 counted leaves, a relative asymmetry of
0.034% was obtained. For individual accounting leaves, a wide
range of changes in relative asymmetry was obtained from -5.45%
(right asymmetry) to 11.31% (left asymmetry).

According to the results of descriptive statistics of 18 measure-
ments, without taking into account zero, on one accounting sheet,
a measurement error of 1% was accepted and Student’s criterion
is 2.88. Then the maximum allowable number of observations is
6 pcs. However, at least 15 measurements are required to identify
wave patterns by the method of identification. The measurements
were carried out every 7 days (1/4 of the lunar cycle).

For one accounting sheet of birch, the identification method
revealed a wave equation consisting of five components. For the
first four components, the overall correlation coefficient is 0.9972,
which indicates a very high level of adequacy. At the same time,
both trend members received a negative sign, which indicates an
increase in the right asymmetry during the growing season. The
third and fourth members of the model, as asymmetric wavelets,
show the dynamics of the leaf asymmetry fluctuation process.

They have a positive sign, so they show the tendency of the
birch count sheet back to the left asymmetry. As a result, there is an
oscillatory adaptation of the development and growth of the reg-
istration sheet to changes in the air microenvironment surround-
ing the sheet. The fluctuation is directed towards equalizing the
asymmetry. The fifth wave of oscillatory perturbation (fluctuation)
covers the entire measured interval of 163 - 44 = 119 days of the
growing season of 163 days. By a negative sign, it shows the desire
for asymmetry on the right side of the birch leaf. The maximum rel-
ative simulation error is 2.83%.

According to the average relative asymmetries for 25 countable
leaves in the dynamics of their ontogenesis, a trend containing two
terms was obtained. The first component is the modified by the au-
thor of the article Mandelbrot’s law (in physics) in the exponential
growth law y =aexp(d ) . The original Mandelbrot law has the
form y =aexp(xh ). The first term of the trend characterizes
natural growth. The second term in the form of a power function,
due to the negative sign, shows the negative impact of the environ-
ment on the development and growth of accounting leaves in the
dynamics of ontogeny.

In the process of ontogeny, for 25 registered leaves at the time
of bud break, an average left-sided asymmetry of 0.0060% is typi-
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cal. Then it increases to 79 days, and after that it decreases, reach-
ing an equilibrium between the left and right sides of the leaves in
121 days. After this moment, there is a transition to the right asym-
metry up to 149 days. Then the population of 25 leaves again tries
to go to the left asymmetry. The strongest four leaves reach zero rel-
ative asymmetry until the vegetation period of 163 days, but then
all the countable leaves have already fallen off.
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