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ABSTRACT

The study demonstrates the results of ecological and biochemical studies of Norway maple and ash-leaved maple
growing in a large industrial center. High activity of ascorbinate oxidase was recorded in June, and a low one in
August. The content of ascorbic acid decreases during the growing season in anthropogenic plantations. Under an
increased air content of pollutants, representatives of the maple genus show an increase in the activity of
polyphenol oxidase in comparison with the control plantations. It should be said that the content of condensed
tannins in the leaves decreases. In the roadside plantations of Norway maple, under the most intense load, in July,
the peroxidase activity in the leaves is lower than in the conventional control plantations, and in August it is higher
than in control.

Keywords: Ash-leaved maple (Acer negundo L.), Polyphenol oxidase, Ascorbinate oxidase, Ascorbic acid, Tannins, Urban plantings, Norway
maple (Acer platanoides L.).

INTRODUCTION

This survey, as mentioned, mainly focuses on the Ecological and Biochemical Peculiarities of Maple Genus in
the Urban Environment and its impact on the environment with an emphasis on the role of antioxidant substances.
As a matter of fact, the scientific literature has not fully demonstrated the role of antioxidant substances in plants
growing under anthropogenic stress. These are the features of the interaction of enzymes and secondary
metabolites involved in the formation of adaptive reactions of the plant organism (Bukharina et al. 2014; Kloseiko
2016; Xiaogian et al. 2018; Gowda et al. 2018; Ekkal et al. 2020). Both domestic and foreign authors draw
attention to the joint functioning of the non-enzymatic and enzymatic systems. Their separate elements are
substances such as tannins and polyphenol oxidase, ascorbic acid and ascorbinate oxidase. Polyphenol oxidase in
joining with phenolic substrates are included in the respiration process at the intermediate stages of hydrogen
transfer. The authors provide data indicating an increase in the activity of polyphenol oxidase in damaged tissues.
The enzyme ascorbinate oxidase is involved in the neutralization of reactive oxygen species, thereby preserving
the plant organism and limiting oxidative stress (Maiti et al. 2016; Taibiacd et al. 2016; Afanasyeva 2019; Nunes
et al. 2019; Rahul et al. 2020). It is uncovered that A. rubrum displays the evasion technique as the fundamental
component of adapting to soil metal amassing. Nonetheless, a more instructive and top to bottom examination of
this system would be exceptionally useful in choosing whether it is carefully physiological or hereditary. The job
of epigenetics can be additionally perceived by deciding the conveyance of DNA methylation in both A. rubrum
and P. tremuloides (Kalubi 2018). As naturally dynamic in feedstuffs for mammalian nibblers and programs,
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fragrant plants have the right to be investigated in detail for the appraisal of expected damage (Cappai & Aboling
2020). Primarily assorted biopolymers, including extracellular polysaccharides (EPS), integrated by microscopic
organisms can have physicochemical and useful properties that make them significant results of microbial blend
with an expansive and adaptable biotechnological potential (Zikmanis et al. 2020).

Thus, the study of the antioxidant properties of the deciduous shrub Cassia alata L. has identified the features of
the enzyme system, the photosynthetic apparatus in various conditions of the abiotic environment. Under abiotic
stress, the activity of catalase, ascorbate peroxidase and glutathione reductase increases Jahanifar et al. 2018).
Other studies have noted the role of antioxidant enzymes, proline, abscisic acid, phenols and ascorbic acid in poplar
and green tea plants. A specific reaction of these individuals was revealed under stress conditions, which manifests
itself in an increase in the activity of antioxidant enzymes and a decrease in the level of proline and abscisic acid
(Chupakhina et al. 2012; Garcia et al. 2016; Zabihi et al. 2018). The objective of the work has been to reveal the
ecological and biochemical characteristics of Norway maple, Acer platanoides L. and ash-leaved maple, Acer
negundo L. in urban plantations.

MATERIALS AND METHODS

The object of the study was analyzing and testing the peculiarities in Norway maple, Acer platanoides L. and ash-
leaved maple, Acer negundo L., which grows in plantations of sanitary protection zones of factories (foundry and
blacksmith) of the auto giant Kamaz PJSC, main plantations (Prospekt Mira, Kazansky prospect). The plantations
of the Chelninsky forestry and the park zone of the city of Naberezhnye Chelny were chosen as the zone of
conventional control. To that end, we laid three test plots in the study areas. Test plots were laid in a regular way,
with different configurations based on the terrain. The size of the trial plot is minimum 0.25 ha. Further, the
selection and numbering of the accounting plants was carried out (10 plants each, of which plants of a good average
regenerative ontogenetic state were selected for biochemical studies). We assessed the degree of air pollution in
places where woody plants grow. The assessment was carried out on the basis of the materials of the "Report on
the Ecological State of the Republic of Tatarstan". Comprehensive Air Pollution Index 2013-2018 (API = 12.6)
characterizes the state of air pollution in the city as very high (Natural Resources and Environmental Protection
Organization, 2019). Within the trial plots for the study of biochemical indicators, at least 10 individuals were
selected and numbered. In the summer months, samples of the median leaves on the annual vegetative shoot (from
the lower third of the crown section of the southern exposure) were taken from the studied individuals. In the main
plantings, a part of the crown of the southern exposure was directed directly to the roadway of the avenue. Leaves
were taken on the same day in all types of plantations. Under laboratory conditions, the content of condensed
tannins in the leaves of woody plants was determined by permanganatometry (Leventhal's method, modified by
Kirsanov). The quantitative content of ascorbic acid was determined in accordance with GOST 24556-89. The
activity of ascorbinate oxidase was determined based on the property of ascorbic acid to absorb light with a
maximum at 265 nm. The activity of the enzyme was judged by the decrease in the optical density, given that the
oxidation state of ascorbic acid is proportional to the amount of the enzyme. The activity of polyphenol oxidase
was determined by a spectrophotometric method based on measuring the optical density of the reaction products
that are formed during the oxidation of pyrocatechol over a certain period of time (Ermakov et al. 1987). Each
studied plant was analyzed in triplicate. The content of ascorbic acid and tannins in the leaves was determined for
2015-2018, the activity of polyphenol oxidase and ascorbate oxidase during 2014 and 2015. The materials were
processed using Statistica 10.0. Methods of descriptive statistics were used to analyze the data obtained.

RESULTS AND DISCUSSION

Within the studied anthropogenic plantations, excess of the highest permissible concentration for nitrogen,
benzo(a)pyrene, carbon oxides, formaldehyde, and phenols was found. In the plantings of the sanitary protection
zone of industrial enterprises, the average annual excess of MPC was noted for the following substances: nitrogen
oxides, formaldehyde, sulphur dioxide, phenol, carbon monoxide, as well as benzo(a)pyrene. In the zone of main
plantations, the average annual excess of MPC was noted for the following substances: carbon monoxide;
formaldehyde; phenol; benzo(a)pyrene.

We assessed the ecological and biochemical state of Norway maple and ash-leaved maple and its response to
technogenic stress by the content of low-molecular and high-molecular substances in the leaves (Table 1). Both in
the Norway maple and ash-leaved maple of various functional zones, the differences in the activity of ascorbinate
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oxidase in the leaves are insignificant during the entire growing season. Notable disagreements were noted in the
increasing dynamics of ascorbinate oxidase activity from June to July in various types of plantations. The content
of ascorbic acid in the leaves of the Norway maple and ash-leaved maple under the conditions of main plantings
(160.1 and 60.5) and plantings of sanitary protection zones (115.8 and 30.8) in June was significantly higher than
in the zone of conventional control. In July, Norway maple retained the same trend, while ash maple showed a
lower content of ascorbic acid in its leaves. A remarkable rise in the ascorbic acid content in plant leaves has been
observed in all the plantations under investigation.

Table 1. The content of ascorbic acid and the activity of ascorbinate oxidase in the leaves of ash-leaved maple and Norway
maple in various types of plantations.
Plantations types Ascorbic acid oxidase activity, act.un. Ascorbic acid, mg/%
June July August June July August

Acer platanoides L.

244+027 415+006 3.82+034 1953+87 164.1+538 146421
1.83-3.04 4.01-4.29 3.09-4.56 157.7-2325  139.2-189.1  137.4-155.5
258+0.31 4.13+£0.20 3.90%0.27 311.1+16.4 2074+195 184.9%57
1.90-3.28 3.68-4.58 3.31-449  240.4-381.9 123.3-291.4  160.4-209.5
318+0.26 455+024 396+024 357.2+19.1 186.1+9.7 146.8+13.2
2.61-3.76 4.01-5.09 3.43-450  275.2-439.1  144.4-227.7  90.1-203.5

Conventional control zone
Buffer zone

Roadside plantations

Acer negundo L.

273+036 428+0.06 3.69+030 3184+9.0 257.2+6.1 1771+7.1
1.93-3.52 4.15-4.41 3.04-4.34 305.3-3314  241.5-2729  158.9-195.3

276+036 447+011 460+0.08 349.2+89 2529+93 1854+138
1.96-3.56 4.23-4.71 4.42-4.77 336.3-372.2  229.0-276.8  149.9-220.9

325+028 473+x020 4.62+006 3789+109 203.7+6.2 1649 +6.3
2.64-3.87 4.30-5.16 4.48-4.76 351.7-407.2  187.8-219.6  148.7-181.1
Note: Conventional control zone; Buffer zone plantations; Roadside plantations; mg% milligram percentage is a non-systemic unit of concentration

measurement, i.e. the number of milligrams of ascorbic acid contained in 100 g of leaves.

Conventional control zone
Buffer zone

Roadside plantations

Thus, we can conclude that for Norway maple and ash-leaved maple, an increase in ascorbinate oxidase activity
in July and a decrease in August in all types of plantations are characteristic. Individuals growing in buffer zone
plantations of industrial enterprises and in roadside plantations are characterized by a decrease in ascorbic acid
throughout the entire period of active vegetation. In addition, we studied the features of the content of condensed
tannins and the activity of polyphenol oxidase in the leaves of Norway maple in connection with the conditions of
the place of growth. In roadside plantations of Norway maple plants during the entire growing season we noted a
significantly lower content of condensed tannins in the leaves than in individuals in the control: in June - by 0.28;
in July - by 1.24; in August - by 0.78 mg g* dry matter (Table 2).

Table 2. The content of condensed tannins and the activity of polyphenol oxidase in the leaves of Norway maple in different
types of plantations.
Plantations types Polyphenol oxidase activity, act.un. Condensed tannins, mg/g DW
June July August June July August

Acer platanoides L.

141+0.06 359+020 248+0.08 4.46+0.04 6.59+011 8.10%0.09
1.28-1.53 3.15-4.03 2.30-2.66 4.30-4.62 6.11-7.07 7.70-8.50
150+0.05 396+0.26 4.24+016 4.86+0.04 584+0.08 7.16=0.09
1.39-1.61 3.39-4.53 3.88-4.61 4.66-5.06 5.51-6.17 6.79-7.53
185+0.16 4.49+027 484+027 418+0.01 535+0.03 7.34%0.08
1.50-2.20 3.89-5.09 4.69-4.99 4.12-4.24 5.20-5.50 6.98-7.69

Conventional control zone
Buffer zone

Roadside plantations

Acer negundo L.

122+0.09 386+0.12 3.41+019 395+0.07 524+0.06 7.19+0.03
0.97-1.42 3.57-4.12 2.92-3.88 3.78-4.13 5.27-5.40 7.11-7.27
1.23+0.08 4.27+0.14 5.09+012 3.84+0.04 455+0.07 6.82+0.06
0.96-1.44 3.91-4.61 4.77-5.37 3.72-3.96 4.37-4.73 6.66-6.97
165+019 4.71+0.17 528+015 3.68+0.08 502+0.08 6.58+0.07
1.18-2.11 4.27-5.14 4.91-5.63 3.48-3.87 4.82-5.22 6.39-6.76

Conventional control zone
Buffer zone

Roadside plantations

The plants of ash-leaved maple had the same tendency in July and August in buffer zones and roadside plantations;
the decrease in the content of this metabolite in leaves was in July - by 0.69 and 0.22; in August - by 0.37 and 0.61
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gt dry matter, respectively. The plants of Norway maple from buffer zones of industrial enterprises had the higher
content of the test substance by 0.40 mg g* dry matter (June), and then lower by 0.75 and 0.94 mg g dry matter
(respectively, in July and August). The resulting picture indicates the active use of condensed tannins and its
involvement in the processes of plant adaptation to the conditions of anthropogenic pollution. By August, we noted
a significant increase in the content of tannins in the leaves of Norway maple and ash-leaved maple in all areas of
the study. As a result, the quantitative content of condensed tannins in the leaves of representatives of the genus
maple increased over the entire observation period in all regions of the study.

Polyphenol oxidase is an enzyme involved in the synthesis of tannins.

We compared the index of polyphenol oxidase activity in leaves in plants growing in different types of plantations
(Table 2). In the Norway maple in August, the ash-leaved maple in July and August in the buffer zone plantations
of industrial enterprises and roadside plantations, the activity of this enzyme was significantly higher than in the
control. The substantial variations were near the August under the conditions of the most intense technogenic load
of main plantings. They reached 2.99 for Norway maple and 1.87 units of activity in ash-leaved maple. We also
analyzed the dynamics of polyphenol oxidase activity in the leaves of Norway maple and ash-leaved maple in each
type of plantation. In parks, we observed a significant increase in the enzyme activity in July, and then a significant
decrease in August, and the enzyme activity indices, despite a significant decrease compared to July, were
significantly higher than in June. The enzyme activity in the plants of industrial zones and in main plantations
increased in July and further increased in August. Thus, the study of the activity of polyphenol oxidase in the
leaves of Norway maple showed that in August the highest values of this indicator are observed both in plantations
of buffer zones and in roadside plantings in comparison with parks.

SUMMARY

1. The investigated low- and high-molecular substances are actively involved in adaptive reactions to the
conditions of the technogenic environment in representatives of the Acer genus.

2. A species-specific feature was revealed in the activity of enzymes in individuals under conditions of technogenic
stress. A decrease in the activity of ascorbinate oxidase and an increase in the activity of polyphenol oxidase are
noted, while the content of ascorbic acid decreases by August, and the content of tannins increases.

3. The plants of Norway maple and ash-leaved maple experience a significant anthropogenic impact in the urban
environment. But at the same time, compensatory mechanisms of adaptation are triggered at the biochemical level.

CONCLUSION

Over the entire course of active vegetation, the representatives of the genus maple were characterized by a rise in
the ascorbinate oxidase activity in leaves in plantations of various ecological categories. The minimum values of
ascorbic acid were noted in August in the plants from plantations with intense technogenic load. Thus, an increase
in the degree of technogenic load leads to an increase in the content of ascorbic acid in the leaves of Norway maple
and ash-leaved maple at the beginning steps of the growing season (June) and its subsequent decrease at the end
of the growing season (August).

As for the activity of polyphenol oxidase and the content of tannins in the leaves, in the plantations of buffer zones
of industrial enterprises and roadside plantations, Norway maple and ash-leaved maple were distinguished by an
increase in the activity of polyphenol oxidase, compared with control plantations. A decrease follows an increase
in the activity of polyphenol oxidase in the content of tannins, which undoubtedly indicates the active participation
of tannins in the adaptive reactions of plants associated with the mechanisms of neutralizing the action of
pollutants.

REFERENCES

Afanasyeva, L.V & Ayushina, T.A 2019, Accumulation of heavy metals and biochemical responses in Siberian
larch needles in urban area. Ecotoxicology, 28: 578-588.

Bukharin, I.L, Kuzmin, P.A & Sharifullina, A.M 2014, The content of low molecular weight organic compounds
in tree leaves under technogenic loads. Forest Management, 2: 20-26.

Cappai, M.G & Aboling, S 2020, Toxic or harmful components of aromatic plants in animal nutrition. In: Feed
Additives, Academic Press, pp. 147-158.

Caspian J. Environ. Sci. Vol. 18 No. 5 (Special Issue: Environmental Aspects of Economic and Social Sustainable Development.)
pp. 405~410 Received: May 30. 2020 Accepted: Dec. 03. 2020
DOL: Article type: Research

©Copyright by University of Guilan, Printed in I.R. Iran



Anatolyevich Kuzmin et al. 409

Chupakhina, G.N, Maslennikova, P.V, Skrypnik, LN & Besserezhnova, M1 2012, Reaction of the pigment and
antioxidant systems of plants to environmental pollution in Kaliningrad by vehicle emissions. Bulletin of Tomsk
State University. Biology, 2: 171-185.

Ekkal, G, Shailesh, K & Quraishi, A 2020, Effect of exogenous additives on oxidative stress and defense system
of a tree: Zanthoxylum armatum DC. under in vitro conditions. Plant Cell, Tissue and Organ Culture, 140:
671-676.

Ermakov, A.l, Arasimovich, V.V, larosh, N.P, Peruanskii, luV, Lukovnikova, G.A, Ikonnikova, M.l 1987,
Methods of biochemical research of plants. Agropromizdat, 126-132.

Garcia, D.E, Glasser, W.G, Pizzi, A, Paczkowski, S.P & Laborie, M.P 2016, Modification of condensed tannins:
from polyphenol chemistry to materials engineering. New Journal of Chemistry, 1: 234-242.

Gowda, J.H, Palo, R.T & Uden, P 2018, Seasonal variation in the nutritional value of woody plants along a natural
gradient in Eastern Africa. African Journal of Ecology, 57: 226-237.

Jahanifar, K, Amirnejad, H, Abedi, Z & Vafaeinejad, A 2018, How much is the use values of forest ecosystem
services? Case study: north forests of Iran, Caspian Journal of Environmental Sciences, 16: 379-394

Kalubi, K.N 2018. Comparative molecular analyses between red maple (Acer rubrum) and trembling aspen
(Populus tremuloides) exposed to soil metal contamination: metal translocation, gene expression, and DNA
methylation. PhD dissertation, Laurentian University of Sudbury. https://zone.biblio.laurentian.
ca/handle/10219/3210

Kloseiko, J 2016, Cupric ferricyanide reaction in solution for determination of reducing properties of plant
antioxidants. Food Analytical Methods, 9: 164-177.

Maiti, R, Rodriguez, H.G, Sarkar, N.C & Kumari, A 2016, Biodiversity in Leaf Chemistry (Pigments, Epicuticular
Wax and Leaf Nutrients) in Woody Plant Species in North-eastern Mexico, a Synthesis. Forest Research, 5:
170-176.

Natural Resources and Environmental Protection Organization, 2019, State report on the situation in natural
resources and environmental protection of the Republic of Tatarstan in 2018. Kazan, Russia.

Nunes, M.H, Both, S, Bongalov B, et al. 2019, Changes in leaf functional traits of rainforest canopy trees
associated with an El Nifio event in Borneo. Environmental Research Letters, 14: 2-14.

Rahul, G.S, Guleria, R & Mathur, V 2020, Differences in plant metabolites and microbes associated with
Azadirachta indica with variation in air pollution. Environmental Pollution, 257: 24-34.

Taibiacd, K, Taibia, L, Abderrahima, A. et al. 2016, Effect of salt stress on growth, chlorophyll content, lipid
peroxidation and antioxidant defence systems in Phaseolus vulgaris L. South African Journal of Botany, 105:
306-312.

Xiaogian, R, Jiuzheng, Z, Hongyue, L. et al. 2018, Response of antioxidative system in rice (Oryza sativa) leaves
to simulated acid rain stress. Ecotoxicology and Environmental Safety, 148: 851-856,

Zabihi, N.A, Mahmoudabady, M, Soukhtanloo, M. et al. 2018, Salix alba attenuated oxidative stress in the heart
and kidney of hypercholesterolemic rabbits. Avicenna Journal of Phytomedicine, 8: 63-72.

Zikmanis, P, Brants, K, Kolesovs, S & Semjonovs, P 2020. Extracellular polysaccharides produced by bacteria of
the Leuconostoc genus. World Journal of Microbiology and Biotechnology, 36: 1-18.

Caspian J. Environ. Sci. Vol. 18 No. 5 (Special Issue: Environmental Aspects of Economic and Social Sustainable Development.)
pp. 405~410 Received: May 30. 2020 Accepted: Dec. 03. 2020
DOL: Article type: Research

©Copyright by University of Guilan, Printed in I.R. Iran


https://zone.biblio.laurentian/

410 Ecological and biochemical peculiarities. ..

S395 6181160 y90 ardlln) (6 peds duzxo §O 1,81 i o lionlion 9 (SSUD pes B S 9

(2bgsbo g

Criilincs Uy 55 g1 Uggunigdd Lo ol MU jo8 LdguuSlisols g0 ST % (o o5 g a3 Ul i
Mlgms 513 Uggiallus L1y " 39505 509 g 9

Ay, ‘CJ)&aés‘ u.]l.“ “.iwj).a‘ sC))}m)s‘ G‘JL“ olKislos ksuxo cblas 4..........43.9 -y
d.:....u?) cu:;)yo;)5| UJL)‘ “&“5)“ ‘Q)ym)?‘ (_SJJS") oKl s@.&c cbslas M;A ‘w).la...?ua G..JW 05; -y

gy (Gl BB Ll e e oMl G (0 ol ;05 Sla by 5 (el 5 09,5 ¥
QR ANY oy )6 A1)+ 22l 0 2 )

oS

) eaiS oo 0y Sy (o S0 50 a5 2bsible 9 5395 Gl plertion 9 (SFUD g Slidllae @S @sllhas )
Sy g8l Al jlade .ol cod CawsSTolo o )1 b cudlad g (355 ole ,o jlacsST lin 55wl (VL collad .oas oo LS
dgo slaoan VT Jlade il cov b o (2alS (el lawg sabeiS) coras slogliadlys jo b, Jad b o
b slgime a5 cal S5 @ a3 e o lis |y sals sleeanYT L awslio jo Joub L codlad ioliél d 8l slo s
Collad (6¥g5 olo o wal Fogdl Jb o wals HLS j0 sadiiitS (5355 8l Gl 0 b e ialS S o
Ll 51 YL ansST 0 5 vals slabindlys 5l 505 S 5 )0 jlownS g

Jgine Alge®

Bibliographic information of this paper for citing:

Anatolyevich Kuzmin, P, Muhametnagimovna Kuzmina, A, Leonidovna Bukharina, I, Evgenievich Vedernikov,

K,Salikhovna Zaripova, R 2020, Ecological and biochemical peculiarities of maple genus in the urban environment

(Case study: Norway and Ash-leaved maple), Caspian Journal of Environmental Sciences, 18: 405-410
Copyright © 2020

Caspian J. Environ. Sci. Vol. 18 No. 5 (Special Issue: Environmental Aspects of Economic and Social Sustainable Development.)
pp. 405~410 Received: May 30. 2020 Accepted: Dec. 03. 2020
DOL: Article type: Research

©Copyright by University of Guilan, Printed in I.R. Iran



