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Abstract. The fertility of urban soils in the Arctic is limited by harsh climatic conditions and high
anthropogenic pressure. In addition to the typical impacts of residential use, recreation, and transportation
common in any urbanized areas, the ecosystems of Russian Arctic cities are subject to the technogenic influence
of heavy industry hubs, which often serve as the foundation for these cities. Under such conditions, the soil
cover of the largest cities in the Russian Arctic — Murmansk, Vorkuta, and Norilsk — has formed. An analysis
of the physical and chemical properties of urban soils, an assessment of their fertility, and the limiting factors
are necessary for the creation and maintenance of urban green infrastructure, which is one of the key factors in
the ecological comfort of city life. This study evaluates the acidity, organic matter and total nitrogen content,
availability of mobile forms of phosphorus and potassium in the topsoil of these cities and provides an integrated
assessment of their fertility based on the soil-ecological index (SEI) by I.I. Karmanov, adapted within the study
for application to northern soils and territories. It is shown that, based on the combination of indicators, the
soils of the studied sites form the sequence Murmansk > Vorkuta > Norilsk, from the most fertile to the least
fertile. The influence of anthropogenic factors on soil properties is noted, which can be both positive (a decrease
in average soil acidity across all sites) and negative (toxic concentrations of mobile phosphorus in the soils of
Murmansk). Based on the obtained SEI values, it is concluded that the soils of the studied sites have relatively
high overall fertility, comparable to that of soils in the middle and southern taiga.
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Introduction

Urban ecosystem soils play a key role in maintaining the sustainability of urbanized
territories, providing ecosystem services such as carbon sequestration, hydrological
regulation, and biodiversity maintenance [1].

Soil fertility is the ability to sustain plant life, thus, it is primarily critical for maintain-
ing sustainable greening and designing green infrastructure, which in northern conditions,
besides aesthetic and recreational functions, performs a number of specific utilitarian
functions related to natural and technogenic conditions. For example, countering erosion,
permafrost thawing, wind, snow, and dust, which within northern regions emphasizes
the importance and complexity of maintaining green infrastructure and, consequently,
the fertility of soils that must support its viability [2].

Anthropogenic transformation of the soil cover in cities leads to the formation of
specific anthropogenically-transformed and artificial soils, the properties of which differ
significantly from natural analogues [3]. Under intensive technogenic pressure, urban
soils are often characterized by deterioration of organic matter quality, elevated heavy
metal content, and altered physical and chemical properties, including soil compaction
and sealing, which limits their functional potential [4-6].

In Arctic cities, these processes are exacerbated by extreme climatic conditions,
which impose additional constraints on soil formation and ecosystem functioning [7-9].
Low temperatures, a short growing season, and periodic freeze-thaw cycles slow down
microbiological activity and humification processes, reducing natural fertility [10]. Fur-
thermore, industrial emissions from mining, steelmaking, and other heavy industries,
widespread beyond the Arctic Circle, lead to the accumulation of toxic elements, which
additionally suppresses soil biota and destabilizes ecosystems [11-13].

Thus, soil fertility being the key property in Arctic cities is simultaneously limited
by all the aforementioned factors, both natural and anthropogenic, including the load
inherent to all urbanized areas as well as the technogenic load specific to industrial cities.

Under urbanized conditions, assessing soil status requires particular attention, as
reflected in environmental regulation practices, for example, Moscow Government
Decree No. 514-PP. However, the lack of developed systems for soil quality regulation
and control remains a problem for Arctic cities.

Therefore, a promising approach for the comprehensive assessment of soil status
and fertility is the use of integral indices that combine physical, chemical, and often
biological indicators [14-16].
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Integral indices will allow not only diagnosing the current state of soils but also
assessing their potential in comparison with background soils and soils of other cities,
including those located in different climatic zones, in order to forecast the possibility
of applying these indices in green infrastructure design and resilience to further anthro-
pogenic impact.

One of the most common indices in Russia, that is the soil-ecological index (SEI)
of I.I. Karmanov, was developed and is applied primarily for soils of agricultural use,
and moreover, soils located in more southern regions [17, 18].

Thus, the aim of the research is a comprehensive assessment of the fertility of the
soil cover of large urban ecosystems in the Arctic (using the examples of Murmansk,
Norilsk, and Vorkuta) under anthropogenic impact, using and adapting the methodology
of soil-ecological indices (SEI) by I.I. Karmanov to determine the potential and limita-
tions of their use in greening and landscaping.

Materials and Methods

Study Sites. The soil cover of Russia’s three largest cities beyond the Arctic Circle—
Murmansk, Norilsk, and Vorkuta, each with populations exceeding 50,000 inhabitants —
was examined. These are also among the world’s largest settlements in the Arctic, with
only Tromsg, Norway, ranking ahead of one of them in population [19].

Information about the study sites and their geographical location is provided in
Table 1 and Fig. 1, respectively.

Sampling. Sampling was conducted by genetic horizons (and layers, in case of thick hori-
zons) by digging soil pits/half-pits/small trenches, or by drilling with an Edelman hand auger.

Soil Bulk Density Determination. Bulk density was determined by the cutting ring
method, sampling a known volume of soil in its natural structure using a Kachinsky
drill/cutting ring, followed by gravimetric measurement of sample moisture and mass.

Soil Total Carbon Determination. Total carbon content was determined using an
Elementar Vario TOC Select analyzer by dry catalytic combustion at 950 °C with de-
tection of released CO, by a non-dispersive infrared sensor (NDIR).

Soil Organic Matter Determination. Soil organic matter (SOM) was determined
by the dichromate oxidation method with heating to 100 °C and photometric endpoint
according to GOST 26213-2021".

Soil Total Nitrogen Determination. Total nitrogen content was determined by
the Kjeldahl method, based on mineralization of a soil aliquot with sulfuric acid
heated to 400 °C in the presence of catalysts, distillation of the oxidized (to am-
monium form) soil nitrogen in alkaline solution into boric acid, and titration of
the formed ammonium-borate complex with sulfuric acid, in accordance with
GOST R 58596-2019°.

T GOST 26213-2021. Soils. Methods for Determining Organic Matter. Introduced on 2022-07-01. Moscow:
Standartinform publ., 2021.
2 GOST R 58596-2019. Soils. Methods for Determining Total Nitrogen. Introduced on 2020-07-01. Moscow:
Standartinform publ., 2019.
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Table 1
Soil-geographical characteristics of the study objects
Jt> . .
. Days with | Days with . . . Numberof
o -
City 10°C t>10°C t>0°C Soil-geographical zoning points
(GDD)
Murmansk . . .
(68.970606 N, ~800 | 30..60 ~gp | Facies °'f(::’;ﬁ'a:eer§:‘ig:e‘;"s (Kola- 76
33.074749 E) p
Vorkuta . .
Facies of very cold, long-freezing
(67.493512 N, ~650 30...60 <65 . . ! N 37
64.050145 E) soils (Kanin-Pechora province)
Norilsk
. | (69.343983 N, 37
= | 88.210392E)
c
-% Talnakh
5 |(69.491662N, Boundary between the facies of 17
E |88.390418E) | .p88 3060 . very cold, long-freezing soils and 78
S | Kayerkan [22] the mountain Anabar-Putorana
< | (69.351426N, province 11
© | 87.753701E)
§ Oganer
(69.358857 N, 13
88.372239 E)

Source: compiled by A.l. Losev using [7, 20, 22].

Fig. 1. Study objects and sampling points
Source: compiled by A.l. Losev, QGIS Desktop 3.40.4.
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Soil Acidity Determination. The pH of aqueous (soil/solution ratio 1:10) and salt
extracts (soil/solution ratio 1:2.5) was determined by the direct potentiometric method
using an ECOTEST-2000 pH meter.

Determination of Mobile Forms of Phosphorus and Potassium. Mobile fractions of
phosphorus and potassium were determined mainly by the Kirsanov method (extraction
with 0.2 mol/L HCl solution) according to GOST R 54650-2011°3. For samples contain-
ing carbonates, the Machigin method was applied (extraction with 10 g/[. ammonium
carbonate solution) according to GOST 26205-91. Phosphorus in both extracts was
determined photometrically on a Hach Lange DR3900, potassium by ICP-OES on
a Perkin Elmer AVIO 200.

Soil Assessment/Bonitation Using Soil Indices. For the integrated assessment of the
fertility of the studied soils, the soil-ecological index (SEI) of I.I. Karmanov was used
[18, 17]. This index is the product of parameters reflecting the soil (physical, chemical
and agrochemical) and climatic features of the studied territory:

e The physico-chemical parameter includes data on humus content, soil density,
particle-size distribution, and the level of hydromorphism.

e The agrochemical parameter considers soil pH, mobile phosphorus, and potas-
sium concentrations.

e The climatic parameter is based on the mean annual sum of temperatures above
10 °C, moisture coefficients, and continentality.

The index is calculated using the formula

SEI=12.5(2-V)-P-AP-A (Xt >10°C - (MC —0.05)) / (CC + 1000),

where SEI is the soil-ecological index, points; 12.5 is a constant multiplier for all
soils; 2 is the maximum possible density at their ultimate compaction, g/cm3; V is
the density for the meter-thick soil layer, g/cm?3; P is the coefficient for useful soil
volume (considers soil type and particle-size distribution); AP are additionally
considered soil properties (considers humus status); 't > 10 °C is the mean annual
sum of temperatures above 10 °C; MC is the moisture coefficient; CC is the climate
continentality coefficient; A is the final agrochemical index (considers acidity, phos-
phorus and potassium content).

The coefficients for accounting for the listed factors are provided by the index au-
thors [17] for evaluating arable lands in more southern regions, where agriculture and
soil bonitation are more common and are limited to the northern part of the taiga-forest
soil-bioclimatic zone.

In this regard, to conduct an integrated assessment of the studied soils’ fertility, we
applied this index with a number of modifications for polar belt soils (more details in
the “Results and Discussion” section).

Statistical Analysis. To assess the statistical significance of differences in results
between cities, multivariate analysis of variance (ANOVA), the Bonferroni criterion

3 GOST R 54650-2011. Soils. Determination of Mobile Phosphorus and Potassium Compounds by the Kirsanov
Method as Modified by CIASA. Introduced on 2013-01-01. Moscow: Standartinform publ., 2011.

4GOST 26205-91. Soils. Determination of Mobile Phosphorus and Potassium Compounds by the Machigin Method
as Modified by CIASA. Introd. 1993-01-07. Moscow: Standartinform publ., 2015.
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for pairwise comparisons (due to comparing samples of different sizes), and Pearson’s
correlation coefficient were used.
Calculations and chart construction were performed in Microsoft Excel 2024 MSO.
Analysis and visualization of cartographic material were performed using QGIS 3.40.

Results and Discussion

Soil Acidity. In Murmansk, the pH of aqueous extracts of upper horizons (Fig.
2) averages 6.31, ranging from 4.18 to 8.40, which is significantly lower than in Vor-
kuta, where the average pH is 7.50 (ranges from 6.36 to 8.98), and Norilsk with an
average pH of 7.36 (ranges from 4.96 to 8.93). In turn, the acidity indicators of Vorkuta
and Norilsk soils do not differ significantly; however, a noticeable difference in the
magnitude of standard deviations is noted (0.128 and 0.086, respectively), indicating
a more homogeneous soil cover in terms of pH within the Norilsk territory.

Acidity

'Cﬂ

& A
oo =1 Lh Do Lh WO

PH w20

Ly

-
Ja n L Ln

M Murmansk B Vorkuta B Norilsk

Fig. 2. Acidity of the aqueous extract of the upper soil horizons in Murmansk, Vorkuta, and Norilsk
Source: compiled by A.l. Losev, Microsoft Excel 2024 MSO.

Thus, by acidity value, Murmansk soils are classified in a wide range from strongly
acidic to alkaline, while Vorkuta and Norilsk soils range from neutral to alkaline. Given
the zonal level of soil pH in the Arctic zone (according to studies of Murmansk [22,
23], Salekhard [24], Vorkuta [25] and surrounding areas [26]) around 3.5...5 (closer to
7 in mountain tundra), the decrease in acidity of the studied sites’ soils is explained by
various anthropogenic influences, ranging from technogenic pollution to the completely
artificial formation of soil horizons [27, 28].

Soil Organic Matter. Due to the high variability of SOM content in the upper horizons
(Fig. 3), among which there were both mineral horizons and organomineral ones with
completely organic (peat) horizons, no significant differences in this indicator between
cities were found. However, a trend towards an increase in the average SOM content
in Vorkuta (varies from 3.9 to 51.5%, average 20.9%) compared to Murmansk (varies
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from 1.5 to 68.7%, average 15.9%) and Norilsk (varies from 0.3 to 69.7%, average

13.1%) should be noted.

These ranges generally cover the spread of the indicator in zonal soils: 1...3% in
non-peat horizons of mountain tundra landscape soils, 5...7% in organo-accumulative
horizons of sod-podzolic soils, up to 50% in peatified horizons of podzols [24-26, 29].

In the urbanozems of Arctic cities, SOM content is also described within wide limits

from 2 to 50% [22, 27].

Soil organic matter

SOM content, %
5‘

B Murmansk B Vorkuta B Norilsk

Fig. 3. Organic matter content in the upper soil horizons of Murmansk, Vorkuta, and Norilsk
Source: compiled by A.l. Losev, Microsoft Excel 2024 MSO.

Nutrient Element Content. Descriptive statistics on the content of total nitrogen
and mobile forms of phosphorus and potassium in the soils of the sites are presented

mean +SD

das

(min —max) *

For Norilsk, the contents of phosphorus and potassium by the Machigin

method are additionally provided, due to the presence of carbonates in a large number

of samples (Table 2).

Table 2

Nutrient content in the upper soil horizons of Murmansk, Vorkuta, and Norilsk

P,0, mobile, . P.0. mobile, K.O mobile,
K,0 mobile, mg/kg 275 2
Object N total, % mg/kg mg/kg mg/kg
by Kirsanov by Machigin
Murmansk 0.4+0.33 1357.6 + 987.2 233.5+138.2 x _
(0.02-1.74) (42-4674) (49-668)
Vorkuta 0.54 £ 0.35 280.9 + 210 199.8 £ 129 _ _
(0.08-1.43) (10-815) (19-640)
Norilsk 0.25 +0.32 264.3 + 256.6 312.2+212.8 50.8+107.9 | 213.1+95.8
(0.01-1.7) (11-845) (83-825) (3 -795) (61 -572)

Note. *—no data.

Source: compiled by A.l. Losev.
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Total nitrogen content is well correlated with SOM content (0.93 in Murmansk,
0.85 in Vorkuta, and 0.88 in Norilsk); however, unlike SOM, a statistically significant
difference in nitrogen content between Vorkuta (0.54% on average) and Norilsk (0.25%
on average) is noted, which also indicates lower organic matter supply in Norilsk soils,
in addition to the trend identified earlier.

The C/N ratio in Norilsk is also the highest (41 on average) compared to Vorkuta
(24 on average) and Murmansk (22 on average), indicating the lowest nitrogen supply
of Norilsk soil SOM. It should be noted that nitrogen supply in all studied soils does not
exceed the medium supply class according to Grishina and Orlov (C/N = 8...11) and is
mainly characterized as very low (C/N > 14).

Regarding the content of mobile forms of phosphorus and potassium, strong vari-
ability of indicators and, on average, high and very high degrees of element supply are
noted at all sites. In the case of phosphorus content by Kirsanov, the supply scale ending
at 250 mg/kg is often exceeded at the study sites by 2—4 times, and in Murmansk up to
18 times. This makes Murmansk the site with the highest supply of mobile phosphorus
among others. However, according to [35], such phosphorus concentrations may already
be toxic to plants.

Given that phosphorus and potassium content for most samples in Norilsk was de-
termined by a method different from the other cities, to conduct a correct comparison
of sites by the degree of supply of these elements, coefficients used in SEI calculation
were employed, assigned to each sample depending on nutrient content (very low —
0.85, low — 0.93, medium — 1.00, elevated — 1.07, high— 1.13, very high — 1.18).

With such an assessment by the degree of nutrient supply from greater to lesser, the
sites form the following series: Murmansk > Vorkuta > Norilsk (Fig. 4).

P,0; Coetficient K,O Coefficient

1.15

1.1
1.05

0,95

0.9

0,85

0.8 0.8

B Murmansk B Vorkuta W Norilsk B Murmansk B Vorkuta Wl Norilsk

Fig. 4. Coefficients of the degree of provision of the upper soil horizons of Murmansk, Vorkuta, and
Norilsk with mobile forms of phosphorus and potassium

Source: compiled by A.l. Losev, Microsoft Excel 2024 MSO.

596 NOYBOBEAEHNE W AITPOXVIMINA



Losev Al et al. RUDN Journal of Agronomy and Animal Industries. 2025;20(4):589-605

Soil Assessment/Bonitation Using Soil Indices. For the purpose of assessing soils
of Arctic cities, coefficients for a number of indicators were extrapolated to the zone of
tundra gley soils and subarctic brown soils of the polar belt (Table 3).

Table 3
Coefficients modified for northern territories used for the SEI calculation
Useful soil volume (coefficient )
Clay Heavy loam | Medium loam Light loam Loamy sand Sand
0.63 0.74 0.85 0.85 0.84 0.71
Supply of mobile forms of phosphorus (included in coefficient A)
Very low Low Medium Elevated High Very high
0.84 0.93 1.00 1.07 1.13 1.18
Supply of mobile forms of potassium (included in coefficient A)
Very low Low Medium Elevated High Very high
0.85 0.93 1.00 1.07 1.13 1.18
Soil Acidity (included in coefficient A)
Strongly acidic M(;(Zzg?:ely Slightly acidic Close to neutral Neutral
0.91 0.98 1.03 1.10 1.18

Source: compiled by A.l. Losev.

Within the assessment of the studied cities, the SEI structure can be represented as
four-part:

1. Constant for all cities, which includes the constant multiplier, the difference
between the maximum possible and actual density, and the coefficient for useful soil
volume. Due to the specifics of the index and limit values for some coefficients, their
product for all three cities was equal to 4.57, making the first part of SEI a constant.

2. Humus coefficient, determined by the ratio of actual SOM content to the average
value in the studied zone.

3. Agrochemical coefficient, represented by the product of the modified agrochemical
property coefficients given in Table 3.

4. Climatic coefficient, calculated based on climatic data provided in the “Materials
and Methods” section.

The studied cities differ significantly from each other in the aggregate of SEI calcu-
lated for each sampling point, as clearly seen on the graph (Fig. 5). Soils of Murmansk
have the highest scores (26 on average, ranging from 17 to 31), followed by soils of
Vorkuta (17 on average, ranging from 10 to 20), and the lowest assessment is for Norilsk
soils (13 on average, ranging from 10 to 19).

However, when assessing the contribution of each coefficient to the final SEI (Fig 5,
stacked chart), it was noted that among the variable coefficients, the contribution of the
climatic one was significantly larger (1.5-2 times) than the others in each city.
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SEI
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Structure of SEI, %
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0
Murmansk Vorkuta Norilsk
@ Constant part @ Humus coefficient
B Agrochemical coefficient @ Climatic coefficient

Fig. 5. SEl of Murmansk, Vorkuta, and Norilsk and their structure
Source: compiled by A.l. Losev, Microsoft Excel 2024 MSO.

Although the climatic factor is critically important in the context of plant vegetation
and their productivity (for the assessment of which the SEI was primarily developed), the
imbalance it introduces into the SEI structure within this study pushes soil factors into
the background. To compare the soil cover of the studied cities in isolation from climatic
differences, an SEI was calculated where the climatic coefficient was averaged for all
cities. Key climatic features for all three cities, despite differences in absolute values
within the SEI, remain the leaching (humid) type of water regime, short and cold growing
season, which is why such averaging within soil assessment can be considered relevant.

Comparison of cities by SEI with an equalized climatic coefficient (Table 4) showed
less pronounced differentiation of cities by potential fertility level than by the full
SEL. Soils of Murmansk (19.7 + 2.1 points on average) do not differ significantly from
soils of Vorkuta (19.6 + 3.0 points on average); however, Norilsk soils still have reliably
the lowest indicators (16.7 + 2.9 points on average).

598 MOYBOBEAEHME M ATPOXMMMA



Losev Al et al. RUDN Journal of Agronomy and Animal Industries. 2025;20(4):589-605

Table 4
Statistical characteristics of coefficients for SEl calculation for Murmansk,
Vorkuta, and Norilsk
Indicator Murmansk Vorkuta Norilsk
Constant multiplier 4.57
Humus coefficient* 1.04+0.17 1.1+£0.11 0.94+0.20
(0.70-1.15) (0.78-1.15) (0.70-1.15)
Agrochemical coefficient* 1.4:0.10 14:0.20 12:0.20
(0.91-1.64) (0.84-1.64) (0.84-1.64)
Climatic coefficient 4.12 2.71 2.52
SEI* 26.1+2.8 17+2.6 13.5+2.3
(17-30.9) (10.4-20.4) (9.7-19.0)
Averaged climatic coefficient 3.12
SEI with equalized climatic coefficient* 197221 19.6£3.0 16.7£2.9
(12.9-23.4) (12.0-23.4) (12.0-23.4)

mean +SD

* data are presented as .
(min —max)

Source: compiled by A.l. Losev.

Thus, the extreme levels of heavy metal pollution formed in Norilsk and its surround-
ings under the influence of the metallurgical industry are reflected in biogeochemical
cycles. Through disruption of soil biota activity, deterioration of soil structure, quality
and cycles of organic matter mineralization, reduction in the content and availability of
macronutrients, soil pollution leads to a decrease in their fertility and natural ecological
functions. The SEI of the other studied cities can be viewed as the potential and basis
for the remediation of Norilsk soils, improving their properties, and thereby ensuring
their more effective involvement in solving urban greening tasks and improving the
environmental situation overall.

During the development of the index, an SEI equal to 100 was assigned to the SEI
of the non-eroded, non-gleyed, etc., chernozem of the Krasnodar Krai. Actual indices
obtained from studies of the chernozem zone soil cover vary within 60...80 in the case
of typical and common chernozems [31, 32], can decrease down to 30...40 for leached
and podzolized chernozems [33], but generally vary around 50 [34]. For gray forest
soils, an index of 20...40 is characteristic within the gradation from light to dark gray
forest soils [35]. For sod-podzolic soils, a wide range is described from 15...20 points
in the eastern part of Russia [32, 34, 35] to 30...80 in the European part of the coun-
try [36—-38] (a similar SEI range is characteristic for urbanozems of the Moscow region
but can exceed 100 points [36, 39]).

Relying on these values, using the obtained indices (varying on average from 10
to 31), one can not only assess the difference in the soil cover of the sites but also
state that, in aggregate, the soils of Arctic cities are comparable in bonitation to the
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zonal soils of the southern and middle taiga — sod-podzolic soils, albeit the least
fertile representatives within this soil type, but still more fertile than the zonal soils
of the Arctic.

Conclusion

Murmansk, Norilsk, and Vorkuta are large urban ecosystems located beyond the
Arctic Circle. Characterization of the soil cover of such territories is not widely covered
in the literature and represents scientific interest within research on Arctic territories
under climate change and urbanization.

As aresult of anthropogenic impact, an increase in the pH level of aqueous extracts
by 1-2 pH units on average relative to zonal soil values is noted in all cities.

The sites are comparable in organic carbon content; however, based on the aggregate
of agrochemical characteristics (content of mobile forms of phosphorus and potassium,
nitrogen supply of organic matter), Norilsk soils are characterized as the least fertile.

While all sites generally have good availability of mobile nutrients in the upper
horizons, the mobile phosphorus content in Murmansk soils often exceeds the toxicity
threshold (> 800 mg/kg).

For an integrated assessment of the fertility of urban soils in the Arctic belt, the
methodology of soil-ecological indices by I.I. Karmanov was applied by extrapolating
coefficients accounting for various soil properties.

As aresult of bonitation, it was found that within the application of the considered
index system, the climatic factor makes the maximum contribution to the final score in
the territory, which promotes a clear gradation of cities by fertility level in the series:
Murmansk > Vorkuta > Norilsk. Assessment of sites without considering the climatic
factor statistically equalizes soils of Murmansk and Vorkuta; however, Norilsk soils
are still assessed as the least fertile, which is associated with the disruption of natural
biogeochemical cycles and processes due to extreme levels of Norilsk soil pollution by
technogenic pollutants.

In aggregate, the SEI of Arctic cities varies from 10 to 31 points, which can be
approximately compared with the SEI values of virgin sod-podzolic soils of the taiga
zone, and this indicates a sufficient potential of the studied cities’ soil cover for greening
when implementing greening and landscaping projects.

However, key limitations of applying SEI in the assessment of urban soils and
soils of Arctic cities, in particular, have been identified: climatic dependence — in
Arctic conditions, the temperature factor sharply reduces the overall score, which
can mask the real capabilities of soils under local microclimate improvement (e.g.,
in urbanized zones); lack of consideration for pollution specifics — the methodology
does not always reflect the consequences of chemical pollution (e.g., toxicity of phos-
phorus excess in Murmansk or heavy metals in Norilsk), which requires additional
adjustments during regulation; consideration of only surface horizon properties —
when assessing city soils, often artificially layered and characterized by high vertical
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anisotropy, it would be optimal to account for the structure and characteristics of at
least the root-inhabited soil layer.

Nevertheless, the use of SEI as a basis for developing regional standards for
urban soil fertility seems promising, especially when adapting coefficients for Arctic
conditions.
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OueHka nnoaopoaus NoYB apKTUUYECKUX ropooB
C NPMMEeHEeHneM NoYBEeHHO-3KOJIOrMYeCcKoro nHaekca

A.N. JToceB 8, B.U. BaceneB , E.[l. Bepexxnoun ~, FO.J1. CoTHUKOBa

Poccuiickuil yHMBepCUTeT ApyKObl HApOOB, 2. Mockea, Poccutickas ®edepayus
P> losev-ai@rudn.ru

AnHoTanus. [11og0poanie ropofCKUX 10YB APKTHUKY TUMUTHUPYETCS] CYPOBBIMU KJIMMaTH4eCKUMU yCJI0-
BHSIMHU U BBICOKOW aHTPOIIOreHHOH Harpy3koi. Kpome TUIIMUHOTO 17151 MOOBIX YpOaHU3UPOBAHHBIX TEPPUTOPHIA
BO37IeHCTBUSI CeTMTeOHOTO MCTIOMb30BaHMsI, PeKpeariiy U TPaHCIIOpTa 3KOCUCTeMbI apKTHUeCKHUX TOPO/IOB
Poccum UCTBITHIBAIOT TEXHOTEHHOE BO3/leHCTBHE 0UaroB TsUKE/IOW IPOMBIIIJIEHHOCTH, 3aUacTyIO SB/SIOLINXCS
rpafoobpasyronmmMy. B Takux yC/I0BUSIX (OPMHPYETCs TIOYBEHHBIHN TTOKPOB KPYTTHeHIIMX ropofioB Poccuiickoit
Apxkryku: MypMaHcka, BopkyTsl 1 Hopubcka. AHamm3 U3MKO-XUMHUeCKHX CBOMCTB FOPO/ICKHX T0YB, OIleHKa
WX TJIOZI0POMS U IMMUTHPYIOIINX €ro BIWSIHUNA He0OXOAUMBI 7Tt CO3[aHUs U COZlep>KaHHst TOPOZICKOM 3e/1eHoN
WH(PACTPYKTYPbl — OJJHOTO M3 KITIOUeBBIX (haKTOPOB KOJIOTHUe KOl KOM(OPTHOCTH >KM3HU B ropoie. IIpuBesieHa
OL|eHKa KUC/IOTHOCTH, COJlep’KaHusI OPraHMyeCKOro BelljecTBa U 0011iero a3ora, 06eCcreueHHOCTH MO/IBHKHBIMU
(opmamu hocdopa 1 Kasi BepXHETO CJI0si [TOUB 3THX FOPOZIOB, a TaK)Ke JlaHa MHTerpasbHas OrjeHKa UX I1/10-
[I0pOZiMsl HA OCHOBe TIOUBEHHO-3Ko/Iornueckoro nxzekca (II51) .M. KapmaHoBa, a/janiTUpOBaHHOTO B PaMKax
WCCIIefloBaHUs /151 IPMMeHeHus K CeBepHbIM TIouBaM U TeppuTopusM. [1okaszaHo, UTO 10 COBOKYITHOCTH TI0-
Ka3zaresiei ouBbl 00BEKTOB GopMUPYIOT psii MypMaHcK > BopkyTa > Hopuibck oT Hanbosiee Mmio0poJHbIX
K MeHee T1070pofHbIM. OTMeueHO BIHsIHHE aHTPOIIOTeHHOTO ()akTopa Ha CBOHCTBA IT0YB, KOTOpPble UIMEOT Kak
TIOJIOXKUTEJTBHBIN (YMeHbIIIeHHe CpeJjHel KUCIIOTHOCTH TTI0YB Ha BCeX 00BbeKTax), TaK U OTPHLIATe/IbHbIA (TOK-
CHYHbIe KOHLIEHTPALUK MOZBIDKHOTO (ocdopa B mouBax MypmaHcKa) xapakrep. ITo BelMyrHe MOTyUeHHBIX
T3 cpenaH BbIBOZ 06 OTHOCUTEIBEHO BBHICOKOW COBOKYITHOM TJIOIOPOJHOCTH TI0YB 0OBEKTOB UCC/IeI0BaHMs,
COIOCTaBUMOM C IJIOZOPOAHOCTBIO TIOUB Cpe/iHel U FO)KHOM Talru.

KitroueBble c/10Ba: 110Ka3aTesy MIOZ0POAUsS MOUB, apKTUYeCKHe YpO0IKoCHCTeMbl, OOHUTHPOBKA MOUB
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Bksiag aBTopoB: JloceB A.J1. — cratucTrueckast 06paboTKa, aHa/Iu3 ¥ MHTePIIpeTaLysi pe3y/bTaToB, II0CTpoe-
Hule rpadyKH, OJATOTOBKA TEKCTa, paboTa ¢ MCTOUHMKamy; Bacenes B.V. — nocraHoBKa Liefteld U 3aj1a4, BLIOOP
TOUeK 0TOOpa 06pasLIOB U METO/0B aHa/IM3a, TIOATOTOBKA M pefjaKLys TekcTa; bepexxHoii E. . — ot6op, npobo-
MOArOTOBKA U aHa/IM3 MOYBeHHBIX 00pa3LjoB; CotHHKoBa F0.J1. — opraHu3aiisi paboThl 10 Mpo6ONOArOTOBKe
Y aHa/mM3y o6pasLioB, MOATOTOBKA U pellakLisl TeKCTa. Bce aBTOPbI 03HAKOMMIUCH C OKOHYATeIbHOH Bepcueit
PYKOITUCH U 07100pH/H ee.

®duHaHcupoBaHMe. PaboTa BbINoIHeHa NpU (pUHAHCOBOY TozepkKke MUHICTepCTBa HayKW M 0Opa30BaHust
B pamkax TeMbl HUP no rocsazganuto FSSF-2024-0023.

KoHduKT HHTepecoB. ABTODLI 3asiB/ISIFOT 00 OTCYTCTBUM KOH(IUKTA HHTEPECOB.
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