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ASSESSMENT OF THE LEVEL OF STRESS
ON PLANTS OF WESTERN SIBERIAN RAISED BOGS
BY THE METHOD OF FRACTAL ANALYSIS

V.B. Ivanov, A.V. Scherbakov

Sufficient evidence has been collected that alternative biological and ecological
processes may occur in individual plant specimens that dwell in environmentally
equivalent habitats. Environmental stress triggers individual, specimen-specific
adaptive response. The paper shows how fractal analysis can be used to study the
degree of stress that plants in different habitats and environmental factor combi-
nations are exposed to.
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OIIEHKA YPOBHSI CTPECCOBOM HAT'PY3KH
HA PACTEHHS BEPXOBBIX BOJIOT 3AIIA THOM
CUBUPU METOAOM ®PAKTAJIBHOI'O AHAJIM3A

B.b. Heanoe, A.B. Illepoakoe

B nacmoswee épems HaKONUIOCL OOCMAMOYHO C8E0EHUL, YMO 6 IKON02UHECKU
IKGUBANIEHMHBIX YCIO0BUAX CPeObl OOUMAHUSL MO2YI Peaiu308amvCsi AlbmepHa-
mugHble OUOLO2UYECKUE U IKOLOSUUECKUE NPOYECChl Y UHOUBUOVALLHBIX 00PA3Y08
pacmenuil. Jlagrenue okpyscaroujell cpeobl Ha pacmenust, ChocodCmseyen 3anycky
UHOUBUOYANLHBIX, OMIUUHBIX O OPY2UX PACMEHUL OAHHO20 CO00Uecm8d, Omeem-
HbIX A0ANMUSHIX MEXAHUIMOS. B cmambe nokazana 603MONCHOCb NPUMEHEHUs]
@pakmanvro2o ananuza 05 u3yUeHus Cmenenyu Cmpeccosoll Hazpy3Ku y pacmeHull
6 PA3IUYHBIX MECMOOOUMAHUAX U KOMOUHAYUAX (PaKMOpOo8 HeulHell cpeobl.
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Introduction

Individual environmental factors vary substantially, which is typical of nat-
ural plant habitats [1, 2, 12, 8]. Another important factor of such natural habi-
tats is that they are dynamic, which causes the ubiquitous presence of various
stressors [20, 21]. Lack of mineral nutrients, suboptimal water access and tem-
peratures, and fierce competition are but a few of the many common natural
stressors [3, 6, 15, 22]. Under such conditions, plants develop an extremely
complex and plastic pattern of adaptive responses; these processes in individual
plant specimens can be tracked by a broad spectrum of direct and recalculated
morphological and physiological indicators [9, 28, 36].

Several papers have shown that in order to adapt to such unpredictable hab-
itats, plants apply a multiplicity of adaptive responses, which makes them radi-
cally different from animals [5, 13, 14, 16, 17, 18, 38]. The principle is essential
as follows: when exposed to this or that stress, a plant will trigger as many pro-
tective mechanisms as their resources allow [23, 19]. The intensity ratio of these
mechanisms in individual plant specimens may vary on a daily basis whether in
a laboratory setting or in field. In terms of the quantity and quality of its physi-
ological mechanisms, a single plant may differ not only from its neighbors, but
also from its former self from a day or a few days ago [11, 37, 39].

This is why the specimen-specific indicators and the general pattern of cor-
relations in the environmental parameters vary so greatly. Correlations between
plant indicators show a high degree of plasticity, which makes it difficult to
estimate the influence of individual factors and the general stress that plants in
this or that habitat are exposed to. Apparently, more intense stress is associat-
ed with lower resources available to plant defenses, which means plants need
to use less defenses. This fully applies to plants in the harsh wilds of Western
Siberia [4, 24, 25, 26, 28, 29, 31, 32, 33].

Therefore, plants may be expected to have more similar behavior when un-
der severe stress, which can be shown by a variety of mathematical methods.
This is the idea behind this research. To date, science lacks a simple and versa-
tile stress assessment method applicable to plants in natural habitats.
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Materials and Methods

The fractal analysis finds ever greater use in biology and ecology. The gen-
eral principles and applicability of fractal analysis to the ecological physiology
of plants consist in the following. A multi-level object that features self-simi-
larity across its levels, or a process that has self-similarity across its timespan,
can be considered of fractal nature [7, 27, 31].

The fractal analysis classifies any multi-component system into one of the
three categories:

— regular objects;

— fractal objects;

— predominantly chaotic objects.

Fractal analysis methods described in the literature and adapted herein apply
to any array of specimen-specific data. This applies to both plants and to soil
sampled in plant habitats. The fractal analysis procedure is outlined in Table 1.

Table 1.
Steps of fractal analysis
Step Actions Criteria and results

Sampling This step produces a matrix sized There must be at least 10 indi-

10*10 as a minimum; the matrix con- | cators. The number of objects

tains the inputs (specimen-specific for analysis must be composite

indicators). Columns are for the indica- | (10, 12, 15, 16, etc.)

tors, and lines are for their values. After

lines with specimen-specific values,

there go lines that sum these values and

scale them by an increasing value (by

2,3,4,and 5). The lowest value is for

the totals of individual cells.
Determine | The scale varies from 1 (singular N is essentially the maximum
N (the specimens) to a maximum equal to the | total number of tested individ-
scale) total number of tested specimens, N. | ual specimens.
Find n, the | This is a conventional ranking by Cells should therefore total 1
contribution | variables. For each parameter, divide |in the bottom line. Other cells
of each the value of each cell by the total in | must be less than 1 and in-
value to the |the bottom line. This will produce crease proportionally as more
total of each | relative values for each parameter. and more cells are summed up
parameter. until the value reaches 1
Find q (the | A fractal object must feature In practice, a q range from -5 to
scaling self-similarity across a wide range of |5 with increments of 0.1 to 0.5 is
range) scales. The range is set by the values | sufficient. The increment can be

of q. reduced for a greater resolution.
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End of a Table 1.

Calculate 1. For each q, raise the values of the The result is the scaling of
the value of | matrix to the power of q. distribution moments Mq
distribution | 2. In each of the matrices, find the to-
moments Mq | tals of each horizontal row in each line.
Scaling of | Fundamental for fractal analysis is logMq is in a significant cor-
the distri- the fact that Mq is a power function | relation with logN; this is the
bution mo- | of N. This can be proven by calcu- fundamental sign of self-sim-
ments Mq | lating the coefficients of correlation | ilarity in the tested object,
between the logarithms of these pa- | therefore of its potential fractal
rameters for the given q. nature.

Self-similarity is considered proven if logMq is in significant correlation
with logN across the q range. This is the primary condition of being in line with
the principles of fractal formalism.

The practice of fractal analysis of plant and soil parameters has shown that the
coefficient of significant (p<0.05) correlation between logMq and logN may vary
in a range that depends on the object under analysis. A coefficient equal to 1 in
absolute value means that the input array contains indicators of identical elements
and represents a regular object. If the coefficient deviates from -1 to 1 whilst still
being significant, it signifies a greater diversity in specimen-specific indicators.

Results and Discussions

Studies carried out by the authors hereof show that indeed, habitat and in par-
ticular the mineral nutrition it provides is of utmost importance for diversifying
the indicators. Stress that Oxycoccus palustris Pers., Chamaedaphne calyculata
(L.) Moench., Andromeda polifolia L. was exposed to was measured by fractal
analysis of plant and soil parameters in a control field and an experimental field.
The control field was the tested plants’ natural habitat. The experimental field
was natural habitat with a single application of Nitroammophosca, see Table 2.

Table 2.
Fractal analysis of the indicators of Oxycoccus palustris Pers., Chamaedaphne
calyculdata (L.) Moench., Andromeda polifolia L. and soil in Western Siberia

No Object, Parameters used Average absolute value of the log-
: year, site in fractal analysis Mg-logN correlation coefficient

1 Cranberry, |Morphological and weight parame- 0.922
2014, control |ters, total flavonoid content ’

5 Cranberry, |Morphological and weight parame- 0915
2014, fertilized [ters, total flavonoid content ’

Mpyrtle, 2014, |Morphological and weight parame-
3 . 0.922
control ters, total flavonoid content
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End of a Table 2.

4 Myrtle, 2014, [Morphological and weight parame- 0995
fertilized ters, total flavonoid content )

5 Bog rosemary, |Morphological and weight parame- 0922
2014, control |ters, total flavonoid content ’

6 Bog rosemary, [Morphological and weight parame- 0.920
2014, fertilized [ters, total flavonoid content ’

Soil, 2014, |Concentrations of P, N, Cd, Pb, Cu, 088
control Zn, Fe, Mn :

Soil, 2014, fer- |Concentrations of P, N, Cd, Pb, Cu, 0922
tilized Zn, Fe, Mn ’

Notes:

1. Nitroammophosca, an N/P/K fertilizer, was applied once early in summer
vegetation at a dose of 16 kg/ha.

2. All the correlation coefficients shown in the table are significant at p<0.05

3. A total of 27 plant indicators and 10 soil indicators were tested by frac-
tal analysis.

As shown in Table 2, two of the three tested species (Oxycoccus palustris
Pers., Andromeda polifolia L.) had a slight reduction in their logMq-logN cor-
relation coefficient as a result of applying the fertilizer in early vegetation; thus,
the difference between the specimen-specific morphological and physiological
indicators increased. The authors hereof believe this could indicate a slight im-
provement in their habitats.

Therefore, it might be safe to say that the logMq-logN correlation coeffi-
cient for different species in their natural habitats can be used as a universal
stress indicator.

This study produced a general algorithm of how to use fractal analysis to
assess the condition of plants exposed to a varying degree of stress. Fractal
analysis-based testing for stress involves these steps:

1. Collect specimen-specific indicator values.

2. Add the input to the unified matrix.

3. Find (if necessary, adjust) the scaling range q.

4. Run the fractal analysis.

5. Find the logMg-logN correlation coefficients.

6. Compare the coefficients against the reference, i.e., against the values
typical of regular objects (-1 for negative q, 1 for positive q).

7. Find the deviation of the correlation coefficient from the reference for
each q.

8. Assess the stress.
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Conclusions

The proposed plant stress assessment technique can use any data specific to
a single plant specimen, whether it is growth or morphological indicators, the
concentrations of individual metabolites including the secondary ones, or local
readings of the habitats, be it soil, atmospheric, or hydrological readings. The
key requirement is to avoid zeroes in data as much as possible, as such data
might skew the calculations and result in misevaluation of stress. The method
requires a minimum data array of 10*10 (10 plant specimens and 10 indicators).
Stress calculations involve Excel and Statistica.

Acknowledgments
The work was supported by the grant from the Russian Foundation for Basic
Research (RFBR) 18-44-860006 r_a.

References

1. Aleksandrova V.V., Ivanov V.B., Vojtova V.A. Siberian Journal of Life Sciences
and Agriculture, 2020, vol. 12 (1), pp. 71-78. https://doi.org/10.12731/2658-
6649-2020-12-1-71-78

2. Aleksandrova V.V, Ivanov V.B., Ivanov N.A., Marach V.S. V mire nauchnyh otkrytij
[Siberian Journal of Life Sciences and Agriculture], 2017. vol. 9. Ne 1-2. pp. 36-41.

3. Bever J.D., Dickie I.A., Facelli E., Facelli J.M., Klironomos J., Moora M, ...
Rillig M.C. Rooting theories of plant community ecology in microbial inter-
actions. Trends in Ecology and Evolution, 2010, vol. 25, no. 8, pp. 468—478.
https://doi.org/10.1016/j.tree.2010.05.004

4. Volkov .M., Ryahin M.S., Belousov S.N., Aleksandrova V.V., Ivanov V.B.
Neftyanoe hozyajstvo [Oil Industry]. 2018, vol. 2, pp. 109-112. https://doi.
org/10.24887/0028-2448-2018-2-109-112

5. Bundy J.G., Davey M.P., Viant M.R. Environmental metabolomics: a critical
review and future perspectives. Metabolomics, 2009, vol. 5, no. 1, pp. 3-21.
http://dx.doi.org/10.1007/s11306-008-0152-0

6. Gaston K.J., Choun S.L. Neutrality and niche. Functional ecology, 2005, vol.
19, no. 1, pp. 1-6. https://doi.org/10.1111/j.0269-8463.2005.00948.x

7. Gelashvili D.B., Iudin D.I., Rosenberg G.S., Yakimov V.N., Solntsev L.A. Frak-
taly i mul tifraktaly v bioekologii [Fractals and multifractals in bioecology].
Nizhny Novgorod: Nizhny Novgorod University, 2013, 370 p.

8. Ivanov V.B., Alexandrova V.V., Usmanov 1.Y., Yumagulova E.R., Chibrikov
0.V, Ivanov N.A., Shcherbakov A.V. Vegetos: An International Journal of
Plant Research, 2016, vol. 29, no. 2, pp. 47-50. https://doi.org/10.5958/2229-
4473.2016.00018.5



230 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne4, 2021

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Ivanov V., Shcherbakov A. Modern Phytomorphology, 2021, vol. 15, pp. 56-61.
https://www.phytomorphology.com/articles/enzymes-of-flavonoid-biosynthe-
sis-as-a-reason-for-the-polyvariant-nature-of-their-accumulation.pdf

Ivanov V.B., Shcherbakov A.V., Gonhar 1.G., Ivanova A.V., Usmanov I.Yu. Inter-
national Journal of Advanced Biotechnology and Research (IJABR), 2019, vol.
10, no. 2, pp. 456-464. https://bipublication.com/files/ijabr2019263Ivanov.pdf
Ivanov V., Shcherbakov A., Usmanov 1. Modern Phytomorphology, 2021, vol.
15, pp. 48-50. https://www.phytomorphology.com/articles/bifurcations-and-neu-
trality-in-the-biosynthesis-of-plant-flavonoids.pdf

Ivanov V.B., Dolgih A.M., Loginov A.M., Ivanova L.G. V mire nauchnyh ot-
krytij [Siberian Journal of Life Sciences and Agriculture], 2018. vol. 10. Ne 3-2.
pp- 28-36.

Kimura M. The Neutral Theory of Molecular Evolution. Cambridge: Cambridge
University Press, 1983. https://doi.org/10.1017/CB0O9780511623486

Lambers H., Chapin F.S., Pons T.L. Plant physiological ecology. Springer, 2008,
605 p. https://www.springer.com/gp/book/9781493937059
Mavletova-Chistyakova M.V., Shcherbakov A.V., Ivanov V.B., Yumagulova
E.R., Usmanov L.Yu. Vestnik Nizhnevartovskogo gosudarstvennogo universi-
teta [Bulletin of Nizhnevartovsk State Humanitarian University]. 2017, vol. 4,
pp. 124-133. https://vestnik.nvsu.ru/2311-1402/article/view/49618
Mandelbrot B.B. The fractal geometry of nature. New York: Freeman, 1982,
468 p.

Mierziak J., Kostyn K., Kulma A. Flavonoids as Important Molecules of Plant
Interactions with the Environment. Molecules. 2014, vol. 19, no. 10, pp. 16240-
16265. https://doi.org/10.3390/molecules191016240

McGill B.J. Towards a unification on unified theories of biodiversity. Ecolo-
gy Letters, 2010, vol. 13, no. 5, pp. 627-642. https://doi.org/10.1111/j.1461-
0248.2010.01449.x

Petrussa E., Braidot E., Zancani M., Peresson C., Bartolini A., Patui S., Vianello
A. Plant flavonoids-biosynthesis, transport and involvement in stress responses.
Int. J. Mol. Sci, 2013, vol. 14, no. 7, pp. 14950-14973. https://doi.org/10.3390/
jms140714950

Rosenberg G.S. Modeli v fitocenologii. Moscow: USSR: Publishing House Nau-
ka, 1984, 240 p.

Rosenberg G.S. Introduction to Theoretical Ecology / In two volumes; 2nd ed.,
revised and expanded. Togliatti: Cassandra, 2013. V. 1. 565 p. V. 2. 445 p.
Tilman D. Niche tradeoffs, neutrality, and community structure: A stochastic
theory of resource competition, invasion and community assembly. Presiding



Siberian Journal of Life Sciences and Agriculture, Tom 13, Ne4, 2021 231

23.

24.

25.

26.

27.

28.

29.

30.

of the National Academy of Science (PNAS), 2004, vol. 101, no. 30, pp. 10854—
10861. https://doi.org/10.1073/pnas.0403458101

Usmanov I.Yu., Shcherbakov A.V., Mavletova M.V., Yumagulova E.R., [vanov
V.B., Aleksandrova V. V. Izvestiya Samarskogo nauchnogo centra Rossijskoj ak-
ademii nauk [Bulletin of the Samara Scientific Center of the Russian Academy
of Sciences]. 2016, vol. 18 (2-2), pp. 525-529. http://www.ssc.smr.ru/media/
journals/izvestia/2016/2016 2 525 529.pdf

Usmanov L.Yu., Yumagulova E.R., Ivanov V.B., Korkina E.A., Shcherbakov
A.V., Ivanov N.A., Ryabuha A.V. Vestnik Nizhnevartovskogo gosudarstvennogo
universiteta [Bulletin of Nizhnevartovsk State Humanitarian University], 2016,
vol. 2, pp. 87-94. https://vestnik.nvsu.ru/2311-1402/article/view/49497
Usmanov 1.Yu., Ivanov V.B., Ivanov N.A. Ekologicheskie problemy bassejnov
krupnyh rek — 6: Materialy mezhdunarodnoj konferencii [Environmental prob-
lems of large river basins - 6: Materials of the international conference]. Tol’yat-
ti: Anna, 2018, pp. 303-305.

Usmanov I.Yu., Ovechkina E.S., Yumagulova E.R., Ivanov V.B., Shcherbakov
A.V., Shayahmetova R.1. Vestnik Nizhnevartovskogo gosudarstvennogo univer-
siteta [Bulletin of Nizhnevartovsk State Humanitarian University], 2015, no. 1,
pp- 79-86. https://vestnik.nvsu.ru/2311-1402/article/view/49407

Usmanov [.Yu., Shcherbakov A.V., Ivanov V.B., Yumagulova E.R. Trudy IX
S”ezda obshchestva fiziologov rastenij Rossii «Fiziologiya rastenij - osnova
sozdaniya rastenij budushchego» [IX Congress of the Society of Plant Physi-
ologists of Russia “Plant Physiology - the basis for the creation of plants of the
future”]. Kazan’: Izdatel’stvo Kazanskogo universiteta, 2019, 446 p.
Usmanov 1.YU., Shcherbakov A.V., Yumagulova E.R., Ivanov V.B. Ekologi-
ya i evolyuciya: novye gorizonty. Materialy Mezhdunarodnogo simpoziuma,
posvyashchennogo 100-letiyu akademika S.S. Shvarca. Institut ekologii ras-
tenij i zhivotnyh [Ecology and Evolution: New Horizons. Materials of the In-
ternational Symposium dedicated to the 100th anniversary of Academician S.S.
Schwartz]. UrO RAN, 2019, pp. 288-289.

Usmanov I.Yu., Yumagulova E.R., Aleksandrova V.V., Gonchar I.G., Shcherba-
kov A.V,, Ivanov V.B. Vestnik Nizhnevartovskogo gosudarstvennogo universi-
teta [Bulletin of Nizhnevartovsk State Humanitarian University], 2019, no. 2,
pp. 59-71. https://doi.org/10.36906/2311-4444/19-2/08

Usmanov I.Yu., Yumagulova E.R., Ivanov V.B., Aleksandrova V.V., Ivanov
N.A., Schaichmetova R.I., Scherbakov A.V., Mavletova-Chistuakova M.V.
Vegetos: An International Journal of Plant Research, 2017, vol. 30, no. 4, pp.
81-85. https://doi.org/10.5958/2229-4473.2017.00195.1



232 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne4, 2021

31.

32.

33.

34.

35.

36.

37.

38.

39.

Usmanov 1., Ivanov V., Shcherbakov A. Modern Phytomorphology, 2020, vol.
14, pp. 77-84. https://www.phytomorphology.com/articles/system-for-ecologi-
cal-regulation-of-the-biosynthesis-of-flavonoids-as-a-strange-attractor.pdf
Usmanov [.Yu., Yumagulova E.R., Aleksandrova V.V., Ivanov S.P., Shcherbakov
A.V., Ivanov V.B., Gonchar I.G. Modern Phytomorphology, 2019, vol. 13, pp.
35-40. https:/nvsu.ru/ru/scientific_laboratories/396/55.pdf

Usmanov I.Yu., Ivanov V.B., Abdrakhimova G.S., Shcherbakov A.V., Yumagu-
lova E.R., Aleksandrova V.V. International Journal of Advanced Biotechnology
and Research, 2019, vol. 10, no. 2, pp. 369-376. https://www.bipublication.com/
files/ijabr2019252Usmanov.pdf

Usmanov I.Yu., Yumagulova E.R., Ovechkina E.S., Ivanov V.B., Aleksandrova V.V,,
Ivanov N.A., Shcherbakov A.B. Vegetos: An International Journal of Plant Research,
2016, vol. 29, no. 1, pp. 1-3. https://doi.org/10.5958/2229-4473.2016.00002.1
Usmanov 1., Shcherbakov A., Ivanov V., Ivanov S., Gonchar 1. Modern Phyto-
morphology, 2020, vol. 14, pp. 13-19. https://doi.org/10.5281/zenodo.4453866
Usmanov I.Yu., Scherbakov A.V., Ivanov V.B., Ivanova A.V. Fractal Nature of
Multidimensional Ecological Niche: Real Habitats in South Trans-Urals / S.G.
Maximova, R.I. Raikin, M.M. Silantyeva, & A.A. Chibilyov (Eds.), Advances
in Natural, Human-Made, and Coupled Human-Natural Systems. Cham, Swit-
zerland: Springer, 2021.

Harborne J.B. The flavonoids: advances in research since. Springer, 1980.
https://www.springer.com/gp/book/9780412287701

Hubbell S.P. Neutral theory and the evolution of ecological equiv-
alence. Ecology, 2006, vol. 87, no. 6, pp. 1387-1398. https://doi.
org/10.1890/0012-9658(2006)87[1387:ntateo]2.0.co;2

Scherbakov A.V., Ivanov V.B., Ivanova A.V., Usmanov 1.Y. The Equifinal
Achievement of the Total Antioxidant Activity of Flavonoids by Plants in Vari-
ous Habitats. IOP Conference Series: Earth and Environmental Science, 2021,
vol. 670(1). https://doi.org/10.1088/1755-1315/670/1/012018

Cnucok numepamypul

Anexcanaposa B.B., FBanos B.b., BoiitoBa B.A. Ananm3 koppesimoHHON
3aBHCUMOCTH PE3YJIbTaTOB TOKCHKOJIOIMYECKUX IKCIIEPUMEHTOB OT YpoBHs pH
Bozbl // Siberian Journal of Life Sciences and Agriculture. 2020. T. 12, Ne 1. C.
71-78. https://doi.org/10.12731/2658-6649-2020-12-1-71-78

Anexcannposa B.B., Fisanos B.b., MIsanos H.A., Mapau B.C. Ouenka kauectsa
BO/JIbI 03€p HIIKHEBAPTOBCKOTO paiioHa 10 KPUTEPHIO BhKHUBaeMocTu Daphnia
Magna // B mupe HayuHbIX oTKpbITHIA. 2017. T. 9, Ne 1-2. C. 36-41.



Siberian Journal of Life Sciences and Agriculture, Tom 13, Ne4, 2021 233

10.

11.

12.

Bever J.D., Dickie I.A., Facelli E., Facelli J.M., Klironomos J., Moora M, ...
Rillig M.C. Rooting theories of plant community ecology in microbial inter-
actions // Trends in Ecology and Evolution, 2010, vol. 25, no. 8, pp. 468—478.
https://doi.org/10.1016/j.tree.2010.05.004

Bounkos .M., Psxun M.C., benoycos C.H., Anexcanaposa B.B., MIsanos B.b.
O0ecrieyeHne HKOIOrMYECKOil 0€30I1aCHOCTH IPOEKTHBIX PEILICHU Ha TepPUTO-
Y JIMIEH3UOHHBIX Y9aCTKOB HEJPOIIONB30BaTeNeil ¢ MPUMEHEHHEM HamTyd-
MIMX JOCTYIMHBIX TexHonorui / Hedrsaroe xo3siictro. 2018. Ne 2. C. 109-112.
https://doi.org/10.24887/0028-2448-2018-2-109-112

Bundy J.G., Davey M.P., Viant M.R. Environmental metabolomics: a critical
review and future perspectives // Metabolomics, 2009, vol. 5, no. 1, pp. 3-21.
http://dx.doi.org/10.1007/s11306-008-0152-0

Gaston K.J., Choun S.L. Neutrality and niche // Functional ecology, 2005, vol.
19, no. 1, pp. 1-6. https://doi.org/10.1111/j.0269-8463.2005.00948.x
TenamBunu J1.B., Wynun .M., Posentepr I.C., SIxkumo B.H. Connues
JILA. ®paxkransl 1 MynsTudpakransl B 6uoskonoruu. Huxuuit Hosropoxn:
Hmxeroponckuit yansepcurer, 2013. 370 c.

Ivanov V.B., Alexandrova V.V., Usmanov 1.Y., Yumagulova E.R., Chibrikov
0.V, Ivanov N.A., Shcherbakov A.V. Comparative evaluation of migrating
anthropogenic impurities in ecosystems of the Middle Ob Region through
Bioindication and Chemical analysis // Vegetos: An International Journal of
Plant Research, 2016, vol. 29, no. 2, pp. 47-50. https://doi.org/10.5958/2229-
4473.2016.00018.5

Ivanov V., Shcherbakov A. Enzymes of flavonoid biosynthesis as a reason for the
polyvariant nature of their accumulation // Modern Phytomorphology, 2021, vol. 15,
pp- 56-61. https://www.phytomorphology.com/articles/enzymes-of-flavonoid-bio-
synthesis-as-a-reason-for-the-polyvariant-nature-of-their-accumulation.pdf
Ivanov V.B., Shcherbakov A.V., Gonhar 1.G., Ivanova A.V., Usmanov 1.Yu.
Using the Principles of Fractal Analysis for Description of Plant Flavonids
Metabolism // International Journal of Advanced Biotechnology and Research
(IJABR), 2019, vol. 10, no. 2, pp. 456-464. https://bipublication.com/files/
1jabr2019263Ivanov.pdf

Ivanov V., Shcherbakov A., Usmanov I. Bifurcations and neutrality in the bio-
synthesis of plant flavonoids // Modern Phytomorphology, 2021, vol. 15, pp.
48-50. https://www.phytomorphology.com/articles/bifurcations-and-neutrali-
ty-in-the-biosynthesis-of-plant-flavonoids.pdf

Wsanos B.b., onrux A.M., Jloruno A.M., Banosa JL.I". [IpoGiema no0bram
YIJIEBOIOPOIOB U PEKYIBTUBAIIMN He(Te3arpsi3HEHHBIX 3¢MEIb Ha TEPPUTOPHU



234 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne4, 2021

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

XaHTBI-MaHCHICKOT0 aBTOHOMHOTO OKpyra-tOrphl / B Mupe HayqHBIX OTKPBI-
tuit. 2018. T. 10, Ne 3-2. C. 28-36.

Kimura M. The Neutral Theory of Molecular Evolution. Cambridge: Cambridge
University Press, 1983. https://doi.org/10.1017/CB0O9780511623486

Lambers H., Chapin F.S., Pons T.L. Plant physiological ecology. Springer, 2008,
605 p. https://www.springer.com/gp/book/9781493937059
Magneroa-Yuctsxoa M.B., [llepbakos A.B., iBanor B.b., FOmarynosa 3.P,,
VYemanos W.1O. [Tynbeupyrormas MO3aHIHOCT TapamMeTpoB mouB fOsxHoro 3ay-
paibst // BectHuk HuskHEBapTOBCKOTO rOCyIapcTBEHHOT0 yHUBepeuTera. 2017.
Ne 4. C. 124-133. https://vestnik.nvsu.ru/2311-1402/article/view/49618/ru_RU
Mandelbrot B.B. The fractal geometry of nature. New York: Freeman, 1982,
468 p.

Mierziak J., Kostyn K., Kulma A. Flavonoids as Important Molecules of Plant
Interactions with the Environment // Molecules, 2014, vol. 19, no. 10, pp.
16240-16265. https://doi.org/10.3390/molecules191016240

McGill B.J. Towards a unification on unified theories of biodiversity // Ecol-
ogy Letters, 2010, vol. 13, no. 5, pp. 627-642. https://doi.org/10.1111/j.1461-
0248.2010.01449.x

Petrussa E., Braidot E., Zancani M., Peresson C., Bartolini A., Patui S., Vianello
A. Plant flavonoids-biosynthesis, transport and involvement in stress responses
//Int. J. Mol. Sci, 2013, vol. 14, no. 7, pp. 14950—-14973. https://doi.org/10.3390/
jms140714950

Posenbepr I.C. Mozenu B ¢puroneHonoruu. M.: Hayka, 1984. 240 c.

. PozenGepr I'.C. Benenue B Teopetuueckyro sxosoruio / B 2-x T.; U3n. 2-e,

uclpasieHHoe U JononHenHoe. Tonpsttu: Kaccannpa, 2013. T. 1. 565 ¢. T. 2.
445 c.

Tilman D. Niche tradeoffs, neutrality, and community structure: A stochastic
theory of resource competition, invasion and community assembly // Presid-
ing of the National Academy of Science (PNAS), 2004, vol. 101, no. 30, pp.
10854—10861. https://doi.org/10.1073/pnas.0403458101

Yemanos W.1O., llep6akos A.B., Masnerosa M.B., FOmarynosa 3.P., FiBanos
B.b., Anekcannposa B.B. Ilynscupytorias MHOroMepHas 5KOJIOTUYeCcKasi HUIIA
pactenuii: pacmmpenue oobema nonsaTus // M3Bectust CaMapckoro Hay4yHOTO
nenrtpa Poccuiickoit akagemun Hayk. 2016. T. 18, Ne 2-2. C. 525-529. http://
www.ssc.smr.ru/media/journals/izvestia/2016/2016_2 525 529.pdf

Yemanor U.10., FOmarynosa D.P., BanoB B.b., Kopkuna E.A., IllepOakoB
A.B., lBanoB H.A., PsOyxa A.B. Ananranus sxocucrem Cpennero [IproGes B
30HE He(TenOoObIUN: HePAPXHS U JUTUTENHLHOCTD mpotieccoB // Bectauk Hik-



Siberian Journal of Life Sciences and Agriculture, Tom 13, Ne4, 2021 235

25.

26.

27.

28.

29.

30.

31

32.

HEBapPTOBCKOTO rocynapcTBeHHOTo yHuBepcuTera. 2016. Ne 2. C. 87-94. https:/
vestnik.nvsu.ru/2311-1402/article/view/49497

Vemanos U.10., UBanos B.b., UBanoB H.A. CamoBoccTaHOBICHHE YKOCHUCTEM
Cpennero [TproObs ipu aHTPOIIOTEHHBIX BO3ICHCTBUSIX HEPTEI00BIBAIOIIETO
KOMILIEKca // DKomoruueckue npoodiaembl 0acceiiHOB KPYIHBIX pek — 6: Mare-
puaibl MexxayHapoaHoi kondepenuun. TombsitTi: AHHa, 2018. C. 303-305.
Yemanos ML1O., Oseuknna E.C., FOmarynosa 3.P., Banos B.b., IllepOakoB
A.B., asixmerosa P.U. [Ipo6nembl camoBoccTaHOBIIEHHS SKOcHcTeM CpeHero
TTpro6bs TpU AHTPOTIOTECHHBIX BO3MEHCTBHAX HE(DTETOOBIBAIOIIETO KOMILIEKCA
// BectHuk HimyKHEBapTOBCKOTO TOCY/IapCTBEHHOTO yHHUBepcuTera. 2015, Ne 1.
C. 79-86. https://vestnik.nvsu.ru/2311-1402/article/view/49407

Yemanos W10, Illep6akoB A.B., IBanos B.b., FOmarynosa O.P. @paxranbHblii
aHanmM3 cucteMbl OnocuHTesa (uaonon 0B // IX Chesn o6mecTBa GU3n0I0roB
pactennii Poccun « Du3monorust pacTeHui - 0CHOBA CO3IaHUs pacTeHU! Oyy-
mero». Te3uce gokaanoB. Kasans, 2019. C. 446.

Yemanos M.IO., IllepbakoB A.B., FOmarynosa 3.P., MBanos B.b. IlpusHaku
HEWTPambHOCTH NIPU (OPMUPOBAHIHN CHIEKTPOB (PIIABOHOHIOB B IIPUPOAHBIX Lie-
HOMOMYJSIMAX // DKOIOTHS U ABOJIOLMS: HOBBIE TOPU30HTHL. Matepuaibl Mex-
JTyHapOJHOTO CUMIIO3uyMa, iocBaiieHHoro 100-neruto akanemuka C.C. IlBapia.
WucTtutyT sx0norum pactenunii u xuBoTHRIX YpO PAH, 2019. C. 288-289.
Yemanos M.1O., FOmarynosa 3.P., Anekcannposa B.B., [onuap W.I", Illep0Oa-
koB A.B., lIBanos B.b. Kommiekco ¢naBononnoB Chamaedaphne Calyculata
(L.) Moench onurorpodusix 600t Cpenneit O6u // BectHuk Huxnepap-
TOBCKOTO rocyaapcTBeHHoro yHuBepcurera. 2019. Ne 2. C. 59-71. https://doi.
0rg/10.36906/2311-4444/19-2/08

Usmanov I.Yu., Yumagulova E.R., Ivanov V.B., Aleksandrova V.V., Ivanov N.A.,
Schaichmetova R.I., Scherbakov A.V., Mavletova-Chistuakova M. V. Physiolog-
ical barriers for adventitious species invasion in oligotroph ecosystems of the
middle Ob Area // Vegetos: An International Journal of Plant Research, 2017,
vol. 30, no. 4, pp. 81-85. https://doi.org/10.5958/2229-4473.2017.00195.1
Usmanov I., Ivanov V., Shcherbakov A. System for ecological regula-
tion of the biosynthesis of flavonoids as a strange attractor / Modern Phy-
tomorphology. 2020. Vol. 14. pp. 77-84. https://www.phytomorphology.
com/articles/system-for-ecological-regulation-of-the-biosynthesis-of-flavo-
noids-as-a-strange-attractor.pdf

Usmanov I.Yu., Yumagulova E.R., Aleksandrova V.V., Ivanov S.P., Shcherbakov
A.V., Ivanov V.B., Gonchar 1.G. Fractal analysis of flavonoids in complex chem-
ical compositions in extracts of Chamaedaphne calyculata (L.) Moench (ERICA-



236 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne4, 2021

33.

34.

35.

36.

37.

38.

39.

CEAE) In oligotrophic swamps of Western Siberia / Modern Phytomorphology,
2019, Vol. 13, pp. 35-40. https://nvsu.ru/ru/scientific_laboratories/396/55.pdf
Usmanov 1.Yu., Ivanov V.B., Abdrakhimova G.S., Shcherbakov A.V., Yuma-
gulova E.R., Aleksandrova V.V. Fractal Analysis of Flavonoids in Composi-
tion HPLC-Fingerprint Extracts of Oxycoccus palustris Pers. (ERICACEAE) in
Oligotrophic Swamps of Western Siberia // International Journal of Advanced
Biotechnology and Research, 2019, vol. 10, no. 2, pp. 369-376. https://www.
bipublication.com/files/ijabr2019252Usmanov.pdf

Usmanov I.Yu., Yumagulova E.R., Ovechkina E.S., Ivanov V.B., Aleksandrova
V.V,, Ivanov N.A., Shcherbakov A.B. Fractal Analysis of Morpho-Physiologi-
cal Parameters of Oxycoccus Palustris Pers in Oligotrophic Swamps of Western
Siberia // Vegetos: An International Journal of Plant Research, 2016, vol. 29, no.
1, pp. 1-3. https://doi.org/10.5958/2229-4473.2016.00002.1

Usmanov 1., Shcherbakov A., Ivanov V., Ivanov S., Gonchar 1. Use of frac-
tal analysis principles when describing flavonoids variety of the south trans-
urals plants // Modern Phytomorphology, 2020, vol. 14, pp. 13-19. https://doi.
org/10.5281/zenodo.4453866

Usmanov I.Yu., Scherbakov A.V., Ivanov V.B., Ivanova A.V. Fractal Nature of
Multidimensional Ecological Niche: Real Habitats in South Trans-Urals / S.G.
Maximova, R.I. Raikin, M.M. Silantyeva, & A.A. Chibilyov (Eds.) // Advances
in Natural, Human-Made, and Coupled Human-Natural Systems. Cham, Switzer-
land: Springer, 2021.

Harborne J.B. The flavonoids: advances in research since. Springer, 1980.
https://www.springer.com/gp/book/9780412287701

Hubbell S.P. Neutral theory and the evolution of ecological equiv-
alence // Ecology, 2006, vol. 87, no. 6, pp. 1387-1398. https://doi.
org/10.1890/0012-9658(2006)87[1387:ntateo]2.0.co;2

Scherbakov A.V., Ivanov V.B., Ivanova A.V., Usmanov LY. The Equifinal
Achievement of the Total Antioxidant Activity of Flavonoids by Plants in Vari-
ous Habitats // IOP Conference Series: Earth and Environmental Science, 2021,
vol. 670 (1). https://doi.org/10.1088/1755-1315/670/1/012018

JAHHBIE Ob ABTOPAX

HNBanoB BsiuecsiaB bopucoBuy, KaHIuar 1neJjarorndyeckux Hayk, J0LUEHT

@I'BOY BO «HuoicHesapmogckuii 20cy0apcmeeHH bl YHUBEPCUMEm»
yn. Jlenuna, 56, 2. Husicnesapmosck, Xanmoi-Mancutickuii agmoHoMHbIl
oxpye, 628605, Poccuiickas Dedepayus

karatazh@mail.ru



Siberian Journal of Life Sciences and Agriculture, Tom 13, Ne4, 2021 237

IlepbdakoB Apkaauii BaaguMupoBuy, KaHIUAAT OHOJOTHYECKHUX HAYK,
JIOLEHT
000 «Hucmumym mranegoul u 2eHemuyecKoll UHNHCeHePUU)
ya. Menoeneesa, 9, e. Ypa, 450047, Poccuiickas @edepayus

DATA ABOUT THE AUTHORS

Vyacheslav B. Ivanov, Candidate of Pedagogical Sciences, Associate Professor
Nizhnevartovsk State University
56, Lenin Str., Nizhnevartovsk, Khanty-Mansiysk Autonomous Ar-
ea-Yugra, 628605, Russian Federation
karatazh@mail.ru
ORCID: 0000-0001-6617-4634
Scopus Author ID: 56282339200
ResearcherID: AAY-5511-2020

Arkady V. Shcherbakov, Candidate of Biological Sciences, Associate Pro-
fessor
Institute of Genetic and Tissue Engineering
9, Mendeleev Str., Ufa, 450047, Russian Federation
humanist314@rambler.ru
ORCID: 0000-0002-7089-6100



