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Abstract
In the steppe regions of the Urals and Siberia bordering the Republic of Kazakhstan (RK), there is a 
noticeable spatial dynamics of the land fund structure and the environmental sustainability of the ter-
ritory, characterized by geographical peculiarities and confinement to international transport commu-
nications. The border municipalities of the Orenburg Oblast are characterized by a greater relative size 
of agricultural lands, agricultural lands, hayfields, and pastures with a smaller share of arable lands, 
perennial plantations, and non-agricultural lands. The index of landscape ecological stability (ILES, 
1.13) is 0.29 p.p. higher than that of the oblast as a whole (0.84) and corresponds to a conditionally 
stable state. In the Altai Krai municipalities bordering with the RK there is an excess of the regional av-
erage relative values for the area of SPNA (specially protected nature areas), pastures, non-agricultural 
lands and fallow lands, a close share of agricultural land and a smaller share of agricultural land, ar-
able land, perennial plantations and hay fields. The average ILES value (1.08) is 0.09 p.p. lower than in 
Altai Krai as a whole and 0.05 p.p. lower than in the border municipalities of the Orenburg Oblast. The 
location of bordering municipalities to international transport communications is accompanied by a 
trend towards decreasing ILES. To a greater extent, it is connected with the increasing share of arable 
land in the structure of land, especially in territories predisposed to the production of marginal crops 
(oilseeds, melons).
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Introduction

During Russia's radical economic transformations associated with the reorganiza-
tion of the agrarian sector of the economy and the introduction of western sanc-
tions, ensuring food security of the population and maintaining the country's grain 
export potential stimulates the agroindustrial complex to work at a higher pace. 
Grain farming in Russia has traditionally been a strategic sector of the economy, 
determining the development of many related industries, as well as food and raw 
materials markets. The level of its development is often regarded as an indicator of 
economic well-being and even geopolitical power of the state (Altukhov 2009).

Sustainable development of the grain-producing complex plays an important 
role in ensuring food security and social stability in many other, including neigh-
boring countries, including former Soviet republics - Ukraine (Materinska 2013; 
Lopatiuk 2014), Kazakhstan (Mizanbecova et al. 2018; Karatayev et al. 2022), Be-
larus (Kireyenka et al. 2016; Shundalov 2023) and others. Accelerated increase of 
grain exports in the world (associated with pandemic and post-pandemic situation, 
among others), determining the economic prosperity of many countries, USA (Wu 
et al. 2021; Bruce et al. 2022), EU countries (Pince et al. 2022), Argentina (Merlos 
et al. 2015), Brazil (Anghinoni et al. 2021; Garbelini et al. 2022), Australia (Sim-
mons et al. 2020), including Russia, which is firmly established in the global grain 
market, is conditioned by the rapid increase in the world population, limited land 
resources, and progressive climate aridity accompanied by instability of gross yields 
(Korotkikh 2019).

According to numerous estimates of various experts, many regions of Russia are 
experiencing an increase in crop production (Kolodina 2015; Glas'ev 2019). The in-
crease in gross yields of field crops, despite extremely stressful meteorological con-
ditions, primarily in the regions of traditional bread growing, is noted against the 
background of significant technological re-equipment of the industry, successes in 
breeding and introduction of knowledge-intensive agricultural technologies (Guly-
anov et al. 2023). The return to cultivation of arable land, which for various reasons 
was taken out of circulation in the post-Soviet period, is also important in increas-
ing gross yields. However, the financial condition of the agroindustrial complex of 
Russia is significantly dependent on the quality of agricultural land. At the same 
time, the efficiency of agrarian land use and the full use of land resources, which 
are one of the most valuable natural resources of the country (Chupina et al. 2023), 
are associated with the formation of infrastructure and geographical location of re-
gions, with their proximity to large agglomerations, logistics routes for purchas-
ing and marketing products, with the development of international transport cor-



Assessment of landscape ecological stability in the border postvirgin regions of the Urals and Siberia  1039

ridors and transport hubs, especially regions located in peripheral or border areas 
(Shuvarin and Savrukov 2019; Kuznecova 2020). The same and some other aspects, 
which have both purely economic and environmental components (Nepoklonov et 
al. 2018), often influence the structure of the land fund and land differentiation by 
types of use, which determine the environmental sustainability of the territory of 
both individual regions and the environmental situation in the country as a whole. 

In this sense, one of the most acute environmental problems in Russia, which 
requires constant monitoring, is the environmental condition of the arid territory of 
Russia, located mainly on the southern borders of Russia, including those bordering 
the Republic of Kazakhstan. Its relevance has increased significantly over the last 
five to six years in the context of increased demand for agricultural products, ac-
companied by chaotic export of Russian grain from border areas by road transport, 
directly purchased from agricultural producers for cash. According to various ex-
perts, before the restrictions on grain imports by road and sanctions on railway de-
liveries imposed by Kazakhstan in spring 2023, with all existing tracking systems in 
place, the volume of such trade transactions at grain hoardings in the eight contigu-
ous territories of the Russian Federation with the border of Kazakhstan reached 3.0 
million tons (Kazakhstan extends restrictions 2023). Under the current conditions 
of trade stimulation of land use intensification, which is expressed in the extremely 
wide involvement of huge areas of land, including low-productive lands, in cultiva-
tion, the problems of forming an optimal structure of the land fund, environmental 
sustainability of the territory, and development of low-productive lands become es-
pecially urgent in the border regions of the Urals and Siberia.

The creation and maintenance of an ecologically safe and sustainable structure 
of agricultural land use in these regions is one of the top-priority tasks for optimiz-
ing the environment and productivity of agricultural land (Zonn et al. 2004), as 
formulated by V.V. Dokuchaev in the form of developing norms on the optimal 
ratio in agrolandscapes between arable land, forest land, meadows and water bod-
ies (Dokuchaev 1953). It should be noted that environmental problems associated 
with ecosystem degradation due to the continuous progress of industrialisation and 
urbanisation imply the widespread implementation of measures to restore the envi-
ronment and achieve sustainable development goals not only in our country but also 
worldwide (Procop 2020; Nikouei et al. 2022; Shao et al. 2024). This is evidenced, 
for example, by the implementation of integrated management of regional ecosys-
tem protection and restoration in China due to the highly intensive exploitation of 
land resources and the natural environment, accompanied by ecosystem imbalance 
and numerous environmental problems that can affect the sustainable development 
of the country (Wang et al. 2023; Lu et al. 2024). Scientific publications by Chinese 
scientists point out the dependence of the environmental sustainability of the terri-
tory of the regions on the contribution of different types of land use characterized 
by specific environmental risks (Zhang et al. 2022). 

The direct or indirect impacts of land use on ecosystems, expressed in changes 
in landscape and ecological processes, are observed by US researchers (Akamani 
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2020; Malanson et al. 2021). They point to the close relationship between ecosystem 
services and ecosystem resilience and note that ecosystems with low resilience are 
characterized by greater vulnerability to impacts and lower ecosystem service po-
tential (Eeswaran et al. 2021). The ecological stability of biotic communities plays 
an important role in the development of sustainable ecosystems in Israel (Parpapov 
and Gal 2016). Management of environmental restoration and ecological resilience 
at current levels of degradation is increasingly recognized in Canada (Uprety et al. 
2012).

In Germany and Austria, many researchers have noted the negative impact on 
regional ecosystem services, leading to their deterioration or even collapse, of irra-
tional or high-intensity land use changes due to a lack of attention to environmental 
sustainability due to overexploitation of land resources (Kastner et al. 2021; Canelas 
et al. 2022). However, it cannot be overlooked that there is ample evidence to sug-
gest greater freedom of choice in land use development with improved environ-
mental sustainability (Wang et al. 2021). In this regard, the issues discussed in this 
study concerning the current structure of the land fund and the ecological sustain-
ability of the post-virgin territory in the border regions of the Urals and Siberia are 
extremely relevant, and the results obtained are of high practical importance. The 
actualization of this information is expedient from both ecological and economic 
points of view, paradoxically closely interrelated with each other. For example, pres-
ervation of optimal areas of complex landscapes in their natural state, including 
through the withdrawal of marginal lands from active agricultural turnover, can not 
only contribute to the maintenance of biological diversity, but also allow to concen-
trate production resources on the best lands suitable for the development of modern 
knowledge-intensive agro-technologies (Kiryushin 2004; Gulyanov et al. 2022). 

We assumed that the problem is associated not only with the insufficient study 
of impact of the borderland on the environmental components of land use in Rus-
sia, but also with the strategic importance for both countries to optimize land use 
in transboundary post-virgin space in connection with the development of interna-
tional transport (primarily road) communications from the Russian Federation to 
Kazakhstan and further to the EAEU countries and far abroad. In this regard, the 
study of this character is of great relevance. 

The purpose of our research was to identify the structure of the land fund and 
to assess the environmental sustainability of the Urals and Siberia steppe areas adja-
cent to the Republic of Kazakhstan, considering the Orenburg Oblast and Altai Krai 
as model regions.

Materials and methods

The object of research was the border steppe regions of Russia (Orenburg Oblast, 
Altai Krai) and the Republic of Kazakhstan. Data on the structure of the land fund 
(modern and in dynamics) were collected and analyzed in the context of municipal-
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ities (administrative districts) of the Orenburg Oblast (Fig. 1) and Altai Krai (Fig. 2) 
bordering the Republic of Kazakhstan.

Figure 1. Spatial visualization of research objects in the border zone of the Orenburg re-
gion of the Russian Federation and the RK. I - natural zones and areas: a – forest-steppe 
zone; b – steppe zone; c – semi-desert zone; d – mountainous forest area; II – municipali-
ties (administrative districts) of the Orenburg region: 1 – Pervomaysky, 2 – Tashlinsky, 3 
– Ileksky, 4 – Sol-Iletsky, 5 – Akbulaksky, 6 – Kulundinsky, 7 – Gaysky, 8 – Dombarovsky, 
9 – Svetlinsky, 10 – Adamovsky; III – state border; IV – regional borders.

Data on the structure of the land fund of the Republic of Kazakhstan were ana-
lyzed in the context of the regions bordering the Orenburg region (West-Kazakh-
stan, Aktobe, and Kostanay Oblasts) and Altai Krai (Pavlodar and East-Kazakhstan 
Oblasts). Analysis of the current structure of the land fund (as of 1 January 2022) 
was carried out towards land categories. The assessment of environmental sustain-
ability of the territory of the bordering municipalities was carried out by calculating 
an index of landscape ecological stability (ILES), reflecting the relationship between 
the natural state of the natural environment and the amount of anthropogenic load. 
The ILES calculation was based on the comparison (ratio) of the area of the terri-
tory occupied by the elements of favorable impact on environmental components 
and the area of the territory under the elements of negative impact, taking into ac-
count methodological developments (Klementova, Geinige 1995; Kochurov 2005; 
Baranov 2012; Klyushin, Shormanov 2015; Glukhovskaya 2017; Popytchenco 2021) 
and was carried out according to the formula:
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where: ∑Sfav – territory occupied by elements of favourable impact on environ-
mental components, ha3;

∑Sunfar – territory occupied by elements of unfavourable impact on environmen-
tal components, ha3.

Elements having a favorable impact on environmental components were con-
sidered to be areas with natural vegetation (meadows, forests, steppes, fallow lands), 
their combinations and varieties, including reserves, sanctuaries, protected areas, 
etc., as well as forests. forest fund. Elements of negative impact were considered 
to be anthropogenically altered lands under settlements, buildings, road network, 
open pits and mining sites, waste landfills and dumps, annually cultivated lands (ar-
able land), lands of industry, transport, and communication.

Taking into account the above details, the formula for calculating the ILES is as 
follows.

(1)

где: Sh – hays, ha3

Sg – grazing lands, ha3

Sp – perennial plantings, ha3

Sw– wooded lands, ha3

Snf– non-forest fund wooded lands, ha3

Sf – flooded lands, ha3

Sl – laylands, ha3

Swtl – wetlands, ha3

Sar – arable lands, ha3

Sb – building lands, ha3

Sd – disturbed lands, ha3

Slwr – lands with roads and others (industrial, transportation, communications, 
landfill sites, dumps, and ravines), ha3.

The ecological stability of the territory was considered to be strongly pro-
nounced at ILES values greater than 4.5 and well pronounced at values of 3.0-4.5. At 
lower ILES values the state of territory was considered conditionally stable (1.0-3.0), 
unstable (0.5-1.0), and unstable with good expression (below 0.5). The differentia-
tion of agricultural land by types of use (in dynamics) was analyzed according to the 
data from the Federal Service for State Registration, Cadastre and Cartography State 
(National) Report 2022, statistical materials provided by regional ministries and de-
partments, as well as expeditionary surveys data. Statistical analysis was performed 
in Microsoft Office Excel.

(2)
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Result

In the structure of the land fund of the Russian Federation and the Republic of 
Kazakhstan according to the current legislation, there are lands of agricultural pur-
pose, settlements, industry, energy, transport, communications, radio broadcasting, 
television, and informatics; lands for space activities, defense, security, and other 
special purpose lands; lands of specially protected territories and objects; lands of 
forest fund; water fund lands, and reserve lands (State Statistics Service of the Rus-
sian Federation).

The results of the statistical data show that the structure of the land fund of the 
Russian Federation is dominated by forest lands, which occupy an area of 1127.9 

Figure 2. Spatial visualization of research objects in the border zone of Altai Krai and 
RK. I – Natural zones and areas: Ia – steppe zone; Ib – forest-steppe zone; Ic – mountain 
steppe, forest-steppe and forest area; II – Municipalities (administrative districts) of Altai 
Krai: 1 – Burlinsky, 2 – Slavgorod Municipal District, 3 – Tabunsky, 4 – Kulundinsky, 5 
– Klyuchevsky, 6 – Mikhailovsky, 7 – Uglovsky, 8 – Rubtsovsky, 9 – Loktevsky, 10 – Tretya-
kovsky, 11 – Zmeinogorsky, 12 – Charyshsky District Municipal District; III – state border; 
IV – regional borders.
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million ha or 65.86% of all lands within the administrative boundaries of the coun-
try. Agricultural lands occupy almost three times less area (379.7 million ha or 
22.17%), and lands of other categories have an even smaller share – 1.04% (lands 
of industry, energy, etc.) – 1.20% (lands of settlements) – 1.64% (lands of the water 
fund) – 2.94% (lands of specially protected territories and objects) – 5.14% (reserve 
lands).

The distribution of the land fund by categories in the Republic of Kazakhstan is 
fundamentally distinguished by the predominance of agricultural land, which oc-
cupies an area of 113.9 million ha or 41.82% of all land within the administrative 
boundaries of the country (272.5 million ha) and reserve land (32.29% or 88.0 mil-
lion ha). The share of forest lands (8.23% or 22.4 million ha) is much smaller than in 
the RF, while the lands of industry and energy, lands of specially protected territo-
ries and lands of the water fund have approximately the same share in the structure 
of land categories (0.82–2.87–1.54%) as in the RF (1.04–2.94–1.64%, respectively).

The distribution of the land categories in the border steppe regions of the Rus-
sian Federation and the Republic of Kazakhstan is also characterized by certain 
peculiarities, consisting of a greater share of agricultural and forestry lands in the 
border regions of the Russian Federation compared to the adjacent regions of the 
Republic of Kazakhstan. At the same time, in the adjacent territories of the RK, the 
greatest area is occupied by the lands of settlements and reserve lands, which acc 
ount for up to a third and more of the land area within the administrative bounda-
ries (Table 1).

Table 1. Distribution of the land fund by land categories in the adjacent steppe territories 
of the Russian Federation (RF) and the Republic of Kazakhstan (RK)

Country, oblast, 
municipality

Land area by category, ha3 / share in the total land area  
within the administrative boundaries, %

I II III IV V VI VII
RF, Orenburg Oblast, total 10908.5

88.18
404.3
3.27

253.7
2.05

117.1
0.95

630.7
5.10

24.8
0.20

31.1
0.25

The districts bordering
with the RK

4247.9
91.72

58.9
1.27

73.5
1.59

36.2
0.78

185.1
4.00

7.7
0.17

22.3
0.48

RK, West Kazakhstan, 
total

7755.8
56.74

2288.3
16.74

47.3
0.35

12.4
0.09

217.0
1.59

81.5
0.60

3267.9
23.91

RK, Aktobe Oblast, total 12552.6
42.43

4024.7
13.60

196.5
0.66

1177.5
3.98

221.0
0.75

13.1
0.04

11399.7
38.53

RK, Kostanay Oblast, total 10838.0
55.30

1626.7
8.30

108.6
0.55

742.3
3.79

456.7
2.33

67.9
0.35

5759.9
29.39

RF, Altai Krai, total 11533.9
68.66

384.1
2.29

126.9
0.76

45.0
0.27

4432.8
26.39

195.1
1.16

81.8
0.49

The districts bordering
with the RK

2510.23
67.89

48.87
1.32

21.57
0.58

38.55
1.04

1030.90
27.88

43.10
1.17

4.07
0.11
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The principal peculiarity of land distribution in border municipalities (admin-
istrative districts) of Orenburg Oblast, as compared to similar territories of the 
Altai Krai territories, is a significantly larger share of agricultural land (91.72 and 
67.89%), lands of settlements, industry, energy, and reserve lands (3.34 and 2.01% 
in the sum), as well as a significantly lower share of lands of specially protected 
territories, forest and water funds (4.94 and 30.09% totally). Moreover, in the Rus-
sian Federation and the Republic of Kazakhstan, land accounting is carried out on 
the basis of land areas, which includes lands for specific economic purposes and 
are distinguished by natural and historical characteristics. For example, agricultural 
lands include lands systematically used for agricultural production, arable land, fal-
low land, perennial plantations, hay fields, and pastures. Additionally, wetlands (in-
cluding swamps), forest areas, lands under forest plantations, building lands, roads 
and disturbed lands are classified as non-agricultural lands (State (National) Report 
2022).

Our analysis of statistical data for the Russian Federation indicate the predomi-
nance of non-agricultural lands in the overall structure (1490.6 million ha), with 
a share of 87.04% within the administrative boundaries. Of the agricultural lands 
that occupy an area of 221.9 million ha (12.96%), 7.16% is arable lands, 3.99% is 
pastures, 1.40% are hay fields and less than 1.0% each is fallow lands and peren-
nial plantations. Moreover, the land distribution in the Republic of Kazakhstan is 
fundamentally distinguished by the predominance of agricultural lands (83.52%), 
occupying an area of 219.6 million ha. Of these, almost 70.0% or 184.0 million ha 
are pastures, 10.14% (26.7 million ha) are arable land, 1.94% (5.1 million ha) are 
hayfields, 1.40% (3.68 million ha) are fallow lands, and only 0.06% (0.15 million ha) 
are perennial plantations.

The structure of land fund in the border steppe regions of the Russian Federa-
tion and the Republic of Kazakhstan is also characterized by certain peculiarities, 
consisting of an approximately equal share of agricultural lands in the Orenburg 
Oblast and adjacent to its West-Kazakhstan, Aktobe, and Kostanay Oblasts, as well 
as its significantly higher share in the Pavlodar and East-Kazakhstan Oblasts of the 
Republic of Kazakhstan, compared to Altai Krai (Table 2).

Country, oblast, 
municipality

Land area by category, ha3 / share in the total land area  
within the administrative boundaries, %

I II III IV V VI VII

RK, Pavlodar oblast, total 7124.4
57.13

1832.6
14.70

121.0
0.97

357.9
2.87

126.0
1.01

78.9
0.63

2829.7
22.69

RK, East Kazakhstan 
Oblast, total

12256.5
43.24

2947.1
10.40

138.3
0.49

1688.2
5.96

2153.9
7.60

571.1
2.01

8591.5
30.31

Note: I – agricultural lands, II – settlement lands, III – lands of industrial, energy, transport, communica-
tion and special purpose lands, IV – lands of specially protected territories, V – lands of forest fund, VI 
– lands of water fund, VII – reserved lands.
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A distinctive feature of land distribution in the border municipalities (adminis-
trative districts) of the Orenburg Oblast, compared to similar territories of the Altai 
Krai, is a significantly smaller share of nonagricultural lands (10.71 and 43.09%), a 
larger share of arable lands (43.40 and 34.36%), hayfields (7.97 and 4.03%), a signifi-
cantly larger share of pastures (37.87 and 15.52%), and complete absence of fallow 
lands. Common for both territories is an approximately equal and very small share 
of perennial plantations (0.04 and 0.05%). The ILES values indicate its significant 
variability both in RF and RK, in the neighboring regions of the Urals, Siberia and 
RK, and in the individual municipalities (administrative districts) of the Orenburg 
Oblast and Altai Krai (Table 3).

The ILES value indicates a pronounced ecological stability of the territory in 
the RK (4.94) and a conditionally stable condition in Russia (2.50). More stable 
ecological conditions are calculated for the territories of the RK regions border-
ing the Orenburg Oblast and Altai Krai. The highest ILES values are observed in 
the West Kazakhstan and Aktobe oblasts that border the Orenburg oblast and the 
East Kazakhstan oblast that borders Altai Krai. With the average value of ILES in 

Table 2. Distribution of the land fund by lands in the neighboring steppe territories of the 
Russian Federation (RF) and the Republic of Kazakhstan (RK)

Country, oblast, 
municipality

Land area by category, ha3 / share in the total 
land area within the administrative boundaries, %

I Among them VII
II III IV V VI

RF, Orenburg Oblast, total 10810.4
87.39

6104.3
49.35

0
0

22.9
0.19

696.4
5.63

3986.8
32.23

1559.8
12.61

The districts bordering
with the RK

3484.56
89.29

1888.21
43.40

0
0

1.9
0.04

346.7
7.97

1647.5
37.87

466.04
10.71

RK, West Kazakhstan, 
total

13890.4
91.78

567.3
3.75

1013.2
6.69

2.7
0.02

1238.2
8.18

11069.0
73.14

1243.5
8.22

RK, Aktobe Oblast, total 26970.2
89.71

708.9
2.36

501.2
1.67

1.6
0.01

464.4
1.54

25293.9
84.14

1243.5
8.22

RK, Kostanay Oblast, total 18013.1
91.90

6293.5
32.11

223.0
1.14

11.2
0.06

326.8
1.67

11158.6
56.93

1587.0
8.10

RF, Altai Krai, total 10585.7
62.99

6573.1
39.12

265.9
1.58

19.0
0.11

1130.7
6.73

2597.1
15.45

6218.8
37.01

The districts bordering
with the RK

2275.0
56.91

1373.6
34.36

118.1
2.96

1.9
0.05

161.3
4.03

620.2
15.52

1722.3
43.09

RK, Pavlodar oblast, total 11172.6
89.56

2032.5
16.29

537.3
4.31

3.1
0.02

302.3
2.42

8297.4
66.51

1302.9
10.44

RK, East Kazakhstan 
Oblast, total

22629.1
79.90

1502.3
5.30

230.9
0.82

5.8
0.02

1057.0
3.73

19833.1
70.03

5693.5
20.10

Note: I – agricultural lands, II – arable lands, III – laylands, IV – perennial planting lands, V – haylands, 
VI – grazing lands, VII – non-agricultural lands.
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the Orenburg Oblast (0.84) and corresponding to unstable ecological condition of 
the territory, in the West Kazakhstan and Aktobe Oblasts the territories are charac-
terized by pronounced ecological stability (9.31-7.78), and in the Kostanay Oblast 
conditionally stable condition (1.81). In Altai Krai, with a slight advantage over 
Orenburg Oblast in the environmental sustainability of the territory characterized 
by a conditionally stable state (1.17), the difference from neighboring oblasts of the 
Republic of Kazakhstan, characterized by a more stable environmental state, is also 
significant and were 2.58 (Pavlodar Oblast) and 5.17 (East Kazakhstan Oblast).

Table 3. Complex indicator of ecological sustainability of the territory of the adjacent 
steppe territories of the Russian Federation and the Republic of Kazakhstan

Country, oblast, 
municipality

ILES Country, oblast, municipality ILES

Russian Federation, total 2.50 Republic of Kazakhstan, total 4.94
Orenburg Oblast 0.84 West Kazakhstan Oblast 9.31
Pervomaisky 0.80
Tashkinsky 0.69
Ileksky 0.78
Sol-Iletsky 0.76

Aktobe Oblast 7.78
Akbulaksky 1.37
Kuvandysksky 1.75
Dombarovksy 2.11
Svetlinsky 0.84

Kostanay Oblast 1.81
Adamovsky 1.33
Altai Krai 1.17 Pavlodar Oblast 3.75
Burlinsky 1.35
Slavgorod City 0.62
Tabunsky 0.24
Kulundisnky 0.28
Klyuchevsky 0.67
Mikhailovsky 1.20

East Kazakhstan Oblast 6.34
Uglovsky 2.47
Rubtsovsky 0.87
Loktesvky 0.44
Tretiakosvky 1.36
Zmeinogorsky 1.29
Charyshsky municipality 2.21
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We determined the dynamics of agricultural development of land resources in 
the border steppe territories of the Russian Federation and the Republic of Kazakh-
stan and revealed some intra- and interregional peculiarities (Table 4).

The decrease in agricultural lands area was common for Orenburg Oblast and 
Altai Krai, which was more pronounced in Altai Krai and amounted to 770.0 thou-
sand ha or 6.5% for 2006-2021. In the Orenburg Oblast, the negative trend in the 
agricultural land was almost twice as low and amounted to 362.6 thousand ha or 
3.3% for 2006–2021.

Agricultural lands are characterized by highest human press and vulnerability. 
Thus, the decrease in their area in the Orenburg Oblast totaled 228.2 thousand ha or 
63.0% of the reduced area of agricultural land. The Altai Krai was characterized by a 
greater absolute (340.0 thousand ha) in the area of agricultural land area, although 
in relative terms it was 18.8% lower (44.2%) than in the Orenburg Oblast. At the 
same time, there was a noticeable increase in the area of cultivated agricultural land 
(arable land), which amounted to 245.0-326.0 thousand ha or 3.7-5.5% of their aver-
age size, in Altai Krai and in Orenburg Oblast respectively. The main source of their 
replenishment in Altai Krai were fallow lands (190.0 thousand ha). We assumed 
that in the Orenburg Oblast the fallow land fund has become the main source of 
replenishment of the arable land area, as evidenced by the results of expeditionary 
studies, although there is no reliable official information on its area in this region.

We concluded that the dynamics of other land area within the agricultural lands 
is less pronounced. The loss of perennial plantations amounted to slightly more 
than 1.0%, and changes in hayfields and pastures can only be classified as trends.

Table 4. Dynamics of agricultural development of land resources in the border steppe ter-
ritories of the Russian Federation with the Republic of Kazakhstan (2006–2021)

Country, oblast, municipality Agricultural lands area, ha3

Agricultural 
lands

Among them

Agricultural 
lands

Namely

I II III IV V

Orenburg 
Oblast

Mean 10988.4 10866.7 5899.9 - 23.1 696.9 3976.3

CV 2.7 1.4 2.5 - 1.4 0.3 0.7

Fluctuation, ha3 -362.6 -228.2 326.0 - -0.3 -0.7 4.0

SD, % -3.3 -2.1 5.5 - -1.3 -0.1 0.1

The 
districts 
bordering
with the RK

Mean 4253.2
38.7*

3896.4
35.9*

1782.3
30.2*

- 2.1
9.1*

353.2
50.7*

1653.2
41.6*

CV 1.4 0.9 0.6 - 2.1 0.4 0.2

Fluctuation, ha3 -114.8
31.7*

-11.6
5.0*

112.3
34.4*

- -0.1
33.3*

-0.3
71.4*

3.3
82.5*

SD, % -2.7 -0.3 6.3 - -4.1 -0.1 0.2
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Discussion

Our results indicate a noticeable spatial dynamics of the indicators characterizing 
the current structure of the land fund, ecological sustainability of the territory, and 
differentiation of various lands in the border steppe regions of the Urals and Siberia. 
The distribution of the land categories in the administrative districts of the Oren-
burg region bordering the RK indicates a higher relative area of agricultural land 
(more by 3.54 percentage points, hereinafter p.p.) compared to the region as a whole 
(88.18%). The share of reserved lands is practically twice as much in the border 
zone, 71.7% of their regional area is concentrated here (22.3 out of 31.1 thousand 
hectares).

With regard to other land categories, a somewhat different dependence was 
revealed. In the border zone of the Orenburg Oblast in relation to the total area 
of lands within the administrative boundaries the share of lands of settlements is 
2.0 p.p. lower, 0.46 p.p. lower – the share of lands of industry, energy, transport, 
communication and other special purpose was 0.46 p.p. lower, the share of lands 
of specially protected territories was 0.17 p.p. lower, the lands of forest and water 
fund were lower by 1.10 and 0.03 p.p. correspondingly. We noted that in the border 
administrative districts of the Orenburg Oblast, almost 40.0% of agricultural land 
and almost one third of the lands of industry, energy, transport, communications 
and other special purpose (29.0%), as well as the lands of specially protected territo-
ries and objects (30.9%), forest (29.3%) and water (31.0%) are concentrated. At the 
same time, in the total area of land within the administrative boundaries the share 
of lands of populated settlements is only 14.5%.

Country, oblast, municipality Agricultural lands area, ha3

Agricultural 
lands

Among them

Agricultural 
lands

Namely

I II III IV V

Altai Krai Mean 11806.6 10758.8 6558.8 342.6 19.1 1136.1 2617.3

CV 2.9 1.6 1.7 21.5 1.4 0.2 0.6

Fluctuation, ha3 -770.0 -340.0 245.0 -190.0 -0.3 0.2 3.0

SD, % -6.5 -3.2 3.7 -55.5 -1.6 0.0 0.1

The 
districts 
bordering
with the RK

Mean 2524.5
21.4*

2275.4
21.1*

1344.1
20.5*

149.0
43.5*

1.9
9.9*

162.9
14.3*

617.5
23.6*

CV 1.1 0.1 0.0 18.5 3.0 0.3 0.2

Fluctuation, ha3 -66.0
8.5*

-1.5
0.1*

72.0
29.4*

-72.0
37.9*

0.0
0.0*

-0.1
33.3*

-2.7
17.5*

SD, % -2.6 -0.1 5.4 -48.3 0.0 -0.1 -0.4

Note: I – arable lands, II – laylands, III – perennial planting lands, IV – haylands, V – grazing lands, "*" 
– % from the regional mean value.
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The distribution of the land categories in the administrative districts of Altai 
Krai that border the RK is characterized by somewhat different features. Exceed-
ing the average regional relative values (by 0.77 p.p.) is observed here only in rela-
tion to the lands of specially protected territories and objects, 85.7% of which are 
concentrated in the border strip. The share of agricultural lands is very close to the 
Orenburg Oblast which were 67.89 and 68.66%, respectively, with a slight negative 
trend. Among other land categories, in contrast to the Orenburg Oblast, the border 
zone of Altai Krai has a smaller relative share of reserve lands and a larger share 
of forest and water fund lands. At the same time, here, as well as in the Orenburg 
Oblast, the border administrative districts are characterized by a smaller share of 
lands of settlements, industry, energy, transport, communication, and other special 
purpose (Fig. 3).

a b

Figure 3. Spatial variability of lands in the adjacent to the RK MOs (administrative dis-
tricts) of the Orenburg Oblast (a) and Altai Krai (b), % of the total area of land within the 
administrative boundaries (a – lands of settlements, b – lands of industry, energy, transport, 
communication and other special purposes, c – lands of specially protected territories, d – 
lands of the forest fund, e – lands of the water fund, f – reserve lands).

In the administrative districts of the Altai Krai border, there is a smaller share 
of agricultural land than in the Orenburg Oblast, which is 21.7% of the total oblast 
area. Only 12.7% of the settlement land, 17.0% of the land of industry, energy, trans-
port, communication, and other special purpose, 22.1-23.3% of the land of water 
and forestry funds are confined to the border zone. Analysis of data on the distribu-
tion of the land fund by lands in the border administrative districts of the Orenburg 
Oblast indicates a larger share of agricultural lands (by 1.90 p.p.), hay fields (by 2.34 
p.) and pastures (by 5.64 p.p.) in the total land area as compared to the average re-
gional indicators. At the same time, the share of arable land, perennial plantations 
and nonagricultural land is lower – by 5.95-0.15-1.90 p.p., respectively. Approxi-
mately half of the total area of hay fields (49.8%), more than 40.0% of pastures, and 



Assessment of landscape ecological stability in the border postvirgin regions of the Urals and Siberia  1051

a third of arable land (31.0%) and non-agricultural land (29.9%) are concentrated 
in the border areas. 

In the border territories of Altai Krai, characterized by a smaller relative share 
of agricultural land (6.08 p.p. lower than in the Krai as a whole), a smaller share of 
arable land (by 4. 76 p.p.), perennial plantations (by 0.06 p.p.), hayfields (by 2.70 
p.p.), relatively more pastures (by 0.07 p.p.), nonagricultural land (by 6.08 p.p.) and 
fallow land (by 1.38 p.p.). Furthermore, 44.4% of the fallow lands in Krai (118.1 out 
of 265.9 thousand ha) is located in the border zone. The results of the comparison 
of individual components of the complex indicator of environmental sustainability 
in the adjacent territories of the Russian Federation and the Republic of Kazakhstan 
revealed their significant territorial variability, expressed in a different combina-
tion of elements that have a favorable or negative impact on environmental compo-
nents. For example, there is a significant predominance of pastures in the structure 
of lands in the border territories of the RK, accounting for 84.14-73.14-70.03-66.51 
and 56.93% (Aktobe, West-Kazakhstan, East-Kazakhstan, Pavlodar, and Kostanay 
Oblasts, respectively) of the total land area within the administrative boundaries 
(Fig. 4).

a b
Figure 4. Elements of the Index of Landscape Ecological Stability (ILES) in the border 
post-virgin regions of the Urals and Siberia and adjacent border regions of the Republic of 
Kazakhstan, % of the total land area within administrative boundaries (I – Orenburg Oblast, 
RF; II – Western Kazakhstan Oblast, RK; III – Aktobe Oblast, RK; IV – Kostanay Oblast, RK; 
V – Altai Krai, RF; VI – Pavlodar Oblast, RK; VII – East Kazakhstan Oblast, RK).

In neighboring Russian territories the share of pastures in the structure of lands 
is much lower – 32.23% in the Orenburg Oblast and 15.45% in the Altai Krai; at 
the same time the share of elements of negative impact on environmental compo-
nents is higher here. Therefore, the share of arable land in the structure of land in 
the Orenburg Oblast is approximately 50.0%, while 39.12% of the total land area is 
occupied by it in the Altai Krai. Among Kazakhstan's regions bordering the Rus-
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sian Federation, only in Kostanay Oblast this indicator is close to the Russian one 
(32.11%), while in other territories it is much lower – 16.29 (Pavlodar oblast) – 5.30 
(East Kazakhstan oblast) – 3.75 (West Kazakhstan oblast) – 2.36% (Aktobe oblast). 
Among other land categories, Russian regions are characterized by a greater share of 
perennial plantations and disturbed land. The above characteristics in the structure 
of the lands of the bordering territories of Russia and the Republic of Kazakhstan, 
expressed in a more favorable combination of ecological sustainability elements in 
the Kazakh territory, were accompanied by a higher assessment of their ecological 
sustainability, clearly expressed in the West, Aktobe, and East Kazakhstan Oblasts, 
well expressed in the Pavlodar region and conditionally stable in the Kostanay Ob-
lats.

The assessment of environmental sustainability of the Russian border territories 
is much lower and corresponds to an unstable condition in the Orenburg Oblast 
as a whole and a conditionally stable condition in the Altai Krai. Regarding the en-
vironmental sustainability of the territory of the border administrative districts of 
Orenburg Oblast and Altai Krai, multidirectional trends were revealed. Therefore, 
in the Orenburg Oblast border zone, the average ILES value for individual districts 
was higher than in the Oblast as a whole by 0.29 units and corresponds to the condi-
tionally stable state. The Dombarovsky (2.11), Kuvandyksky (1.75) and Akbulaksky 
(1.37) districts are characterized by the best stability indicators among the border 
areas. They also made the greatest contribution to improving the environmental 
sustainability of the territory as a whole in the border zone. The Tashlinsky, Sol-
Iletsky, Ileksky, and Pervomaisky districts are characterized by the lowest environ-
mental sustainability, 0.04-0.15 units below the average regional indicators.

The analysis of the land structure indicates a smaller relative share of arable land 
in the land use of administrative districts with greater environmental sustainability 
of the territory, amounting to 29.3 (in Dombarovsky district) and 31.1% (in Ku-
vandyksky district) of the total land area within the administrative boundaries, and 
a larger share in administrative districts with lower environmental sustainability, 
amounting to 41.0 (Tashlinsky), 43.2 (Sol-Iletsky), 44.5 (Pervomaysky), and 46.4% 
(Ileksky). Our analysis of land structure and ILES values of the territory on the 
confinement of municipalities to international transport communications from the 
Russian Federation to the Republic of Kazakhstan allowed us to identify the trends 
of their stimulating influence on the expansion of production (increase in the share 
of arable land) and reduction in ILES, with the exception of some administrative 
districts with extremely limited climatic and soil resourcest.

Thus, the number of municipal districts with high ILES values includes Kuvan-
dyksky and Dombarovsky districts, which do not have vehicle and railway check-
points on their territory, as well as the Akbulaksky district, which is characterized by 
extremely unfavourable conditions for field production and is connected to the RK 
by the Orenburg-Aktobe highway with a multilateral vehicle checkpoint Sagarchin-
Zhaisan and the Orenburg-Aktobe railway. Low ILES values are observed mainly 
in administrative districts adjacent to international transport communications. For 
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example, the Orenburg-Uralsk, Orenburg-Aktyubinsk railway, and the Orenburg-
Aktyubinsk highway with the Sagarchin-Zhaisan multilateral vehicle checkpoint 
pass through Sol-Iletsk District. The Ilek District has the Ilek-Aksai multilateral 
vehicle checkpoint on the Orenburg-Uralsk highway, and Pervomaisky Oblastt has 
two checkpoints, the multilateral vehicle checkpoint Mashtakovo-Syrym on the 
Samara-Uralsk highway and the bilateral vehicle checkpoint Tyoploye-Shagan on 
the Bugulma-Uralsk highway. The only exception is the Tashlinsky district, which 
does not have international transport routes on its territory, but is characterized by 
a high share of arable lands due to the progressive development of melon growing, 
with the center in the "watermelon capital of Russia" Sol-Iletsk (Sol-Iletsky district) 
and sunflower cultivation in large areas, which is generally typical for the whole 
Orenburg Oblast (Fig. 5).

Figure 5. Visualization of land use density in the Sol-Iletsky border district of the Oren-
burg Oblast, an active melon growing center in Russia.

In the Altai Krai border territories, generally characterized by a more stable 
ecological condition of the territory, the average value of ILES was lower than in the 
border territories of the Orenburg Oblast. The greatest reducing influence on its av-
erage value was exerted by the indicators of Tabunsky, Kulundinsky, and Loktevsky 
districts, with the lowest value among 21 administrative districts, 0.24-0.28 and 0.44 
units, respectively. The value of the integrated indicator of environmental sustain-
ability of the territory is also below the average regional values in Slavgorodsky, 
Klyuchevsky, and Rubtsovsky Districts. At the same time, it should be noted that in 
four administrative districts bordering the RK, the value of ILES is higher than the 
regional average by 0.03-0.19 units (Mikhailovsky, Zmeinogorsky, Burlinsky, and 
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Tretyakovsky districts), and in the Charyshsky and Uglovsky districts it is almost 
twice as high (2.21-2.47).

Regarding the relationship between the ILES value and the location of munici-
palities in international transport communications, as well as for the administrative 
districts of the Orenburg Oblast, a trend of decrease of ILES decrease was revealed in 
administrative districts with a developed international transport network. Thus, low 
ILES values are observed in Slavgorodsky, Tabunsky, Kulundinsky, and Kliuchevsky 
districts, which have on their or adjacent territories the Kulunda-Sharbakty mul-
tilateral vehicle checkpoint on the Barnaul-Pavlodar highway and the Barnaul-
Astana railway. At the same time, in some administrative districts, also territorially 
close to international transport communications, high ILES values were observed, 
indicating the presence of other, rather weighty factors. Such municipalities include, 
for example, Mikhailovsky and Uglovsky districts, adjacent to the Barnaul-Semey-
Almaty highway with multilateral vehicle checkpoint Veseloyarsk-Auyl. In connec-
tion with a rather low assessment of environmental sustainability of the Russian 
territories adjacent to the RK, the dynamics of the areas of land in the composition 
of agricultural land, its direction (trend) and magnitude determining the complex 
indicator of environmental sustainability is of certain interest.

Analysis of land structure dynamics within 2006–2021 revealed a positive trend 
in the arable land area, as one of the most ecologically unstable landscape elements, 
in both border Russian regions analyzed. Furthermore, in the Orenburg Oblast, 
border administrative districts account for one third of the newly developed arable 
land during the analyzed period – 112.3 thousand hectares of 326.0 thousand hec-
tares in the Oblast as a whole. In the administrative districts of Altai Krai bordering 
the RK, the increase in the arable land area is somewhat less than in the Orenburg 
Oblast (by 245.0 thousand hectares), whereas its third part (72 thousand hectares) 
is also concentrated in the border areas. Moreover, in the border areas of Altai Krai 
the area of fallow land has decreased by the same amount, while the area of hayfields 
has decreased by 0.1 thousand ha and pastures have decreased by 2.7 thousand ha. 

In the border areas of the Orenburg Oblast, with a similar negative trend in the 
hayfield area (by 0.3 thousand ha), there is also a decrease of 0.1 thousand ha in 
perennial plantations, which, together with the increase in arable land, additionally 
reduced the coefficient of ecological stability of landscapes. Only the increase in 
pasture area by 3.3 thousand ha contributes to some stabilization of the ecological 
situation, although this is clearly insufficient for a radical change in the ecological 
situation in the region under consideration.

Therefore, the formation of the land fund structure determines the agricultural 
productivity of the territories, along with the common practice of expanding the 
area of cultivated land under conditions of increasing demand for crop production, 
has strong geographical patterns that affect the landscape ecological stability in the 
post-virgin border regions of the Urals and Siberia.
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Conclusions

We revealed a noticeable spatial dynamics of indicators characterizing the current 
structure of the land fund, ecological sustainability of the territory, and land dif-
ferentiation in the border steppe regions of the Urals and Siberia. The border mu-
nicipalities of the Orenburg Oblast are characterized by a higher relative value of 
the area of agricultural land (by 3.54 p.p.), agricultural land (by 1.90 p.p.), hayfields 
(by 2.34 p.p.) and pastures (by 5.64 p.p.) compared to the average oblast indicators, 
while the share of arable land, perennial plantations, and non-agricultural land is 
5.95-0.15-1.90 p.p. lower, correspondingly. Here the ILES value is 1.13 that is 0.29 
units higher than in the oblast as a whole (0.84, unstable) and corresponds to a con-
ditionally stable condition.

In the Altai Krai municipalities bordering with the RK, there is an excess of the 
average regional relative values for the area of lands allocated for SPNA (by 0.77 
p.p.), relatively more pastures (by 0.07 p.p.), nonagricultural lands (by 6.08 p.p.), 
and fallow lands (by 1.38 p.p.). The share of agricultural land is close to the regional 
average, while the share of agricultural land, arable land, perennial plantations and 
hayfields is by 6.08, 4.76, 0.06, and 2.70 p.p. lower than in the Krai as a whole, re-
spectively. The average ILES value in the border municipalities (1.08, conditionally 
stable) is 0.09 units lower than in the Krai as a whole and 0.05 units lower than in 
the border municipalities of the Orenburg Oblast. 

The RK regions bordering the Orenburg Oblast and Altai Krai are distinguished 
by a higher assessment of environmental sustainability due to a more favorable 
combination of elements determining ILES, in particular, due to a significant pre-
dominance of pastures in the structure of the lands (up to 56.93-84.14%). In border 
municipalities adjacent to international transport communications, there is a ten-
dency to decrease ILES. To a greater extent, it is connected with the increasing share 
of arable lands, clearly manifested in the Orenburg Oblast and Altai Krai, especially 
in the territories predisposed to the production of marginal crops (sunflower and 
cucurbits).

The formation of an ecologically safe structure for the use of agricultural land 
in these regions can be considered as the main objective of improving the envi-
ronmental sustainability of the territory and maintaining biological diversity. Fur-
thermore, the concentration of production resources on highly productive land will 
contribute to a more effective development of modern high-tech agrotechnologies 
and will ensure a more efficient use of modern agricultural technologies.
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