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ABSTRACT

Background: Assessing the forest suitability of soils is one of the key areas of agroforestry science. Research in this direction
makes it possible to characterize areas where tree and shrub vegetation does not grow under natural conditions. The research
carried out makes it possible to assess the possibilities of afforestation in the area of interest; they contribute to the perception of
landscape diversity in the context of the reclamation efficiency of the created systems of protective forest plantings, their
productivity and durability. Identification of soil suitability for forests is closely related to the assessment of soil quality and fertility.
The study of forest suitability of soils has a pronounced regional aspect. This article presents materials from cartographic studies
of the dry steppe zone of the Volgograd region of the Russian Federation. The study region is characterized by a wide variety of
soil cover. Dark chestnut, chestnut soils and light chestnut soils are common in this zone. The processes of erosion, salinization and
deflation make a great contribution to the diversity of soil complexes.

Methods: In this work, the cartographic research method is the main one. Achieving the research goal, creating a cartographic
model of the forest vegetation properties of the study area, was carried out in three stages. At the first stage, the contours of the
soil map at a scale of 1:400000 were classified into forest suitability groups. During the second stage, based on the functionality of
the QGIS software package, new soil contours were created. At the third stage, area characteristics were taken, share parameters
were calculated and an analysis of changes in soil cover was carried out in natural and economic areas. The research materials
presented in this article were obtained during the implementation of the state task of the research work of the FSC of Agroecology
RAS. The research period is from 2021-08 to 2023-11.

Result: The result of the research is the creation of a cartographic model of the forest suitability of soils in the dry steppe zone of
the Volgograd region. Based on measuring the areas of soil contours for each of the 17 administrative districts, the ratio of groups
of forest suitability of soils was established. The revealed value of the share indicator for the study area as a whole is as follows:
soils |, forest suitability groups occupy 10.4% of the territory; Il -9.3%; Ill - 68.3%; IV - 12%. The data obtained are necessary for
planning agroforestry work in the study area.

Key words: Durability of protective forest plantations, Effectiveness of agroforestry measures, Forest suitability of soils, Planning
of agroforestry measures, Soils of the dry steppe zone, Zone of influence of the protective forest belt.

INTRODUCTION

The assessment of forest suitability of soils in territories is
an important component of agroforestry research (Mattis
et al., 1984; Manaenkov, 2014). This assessment makes it
possible to identify the most promising territories for
agroforestry development. Planting protective forest
plantings on soils, characterized by better forest growing
conditions, makes it possible to ensure their durability,
high parameters of ameliorative influence and resistance
to adverse climatic factors. The creation of complete
systems of forest strips increases the protection of
cultivated agricultural plants and contributes to obtaining
stable yields (Abakumova et al., 2004; Abakumova et al.,
2006; Dinh et al., 2024).

The history of the development of research into forest
vegetation properties of soils is quite long and multifaceted.
Such scientists as G.F. Morozov (Morozov, 1970), V.N.
Sukachev (Sukachev, 1972), P.S. Pogrebnyak (Pogrebnyak,
1955), A.L. Bellegarde (1960) and others dealt with the
issues of studying forest suitability. In the arid zone, the
issue under consideration was given attention by L.T.
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Zemlyanitsky (Zemlyanitsky, 1950), A.M. Byaly (Byaly, 1971),
A.P. Biryukova (Biryukova, 1957), G.N. Vysotsky (1960), V.M.
Kretinin (Kretinin, 1993; Kretinin, 2004), B.A. Isupov (Isupov,
1967) and others. The issue of studying the forest-growing
properties of sands was paid attention to by such scientists
as A.G. Gael (Gael, 1952), N.F. Kulik (Kulik, 1970),
Vinogradov V.N. (Vinogradov, 1980), A.S. Monaenkov

Volume 58 Issue 6 (December 2024) 1217



Assessment of Forest Suitability of Soils in the Dry Steppe Zone of the Volgograd Region

(Manaenkov, 2014) and others. Works on the classification
of types of forest growing conditions are also common in
foreign literature. Thus, according to O.G. Chertov (Chertov
et al., 2018), studies related to the assessment of edaphic
characteristics of habitats include: the German doctrine
of habitats Standortslehre (Stahr et al., 2008); North
American forest habitat classifications (Barnes et al.,
1982; Pojar et al., 1987).

Despite the deep degree of knowledge and developed
methodology for assessing the forest suitability of soils,
there is a need for further research. The reasons for this
situation lie in the close connection of the issue under
study with soil mapping. When creating more detailed soil
maps, new opportunities arise for assessing the forest
vegetation properties of soils in the study area, improving
the quality and accuracy of the assessment (Kretinin 1993;
Koshelev et al., 2024; Ramamoorthy et al., 2024).

The purpose of the study was to create a cartographic
model of the forest suitability of soils in the dry steppe zone
of the Volgograd region, based on a generalization of soil
map data at a scale of 1: 400000.

MATERIALS AND METHODS

The research methodology consists of three stages.
The first stage is the classification of soil map contours
into soil forestability groups. The second stage is the
creation of a cartographic model of soil forest suitability
based on the use of the QGIS software package (Burtsey,
2021; Lurie et al., 2016). The third stage is the creation of an
array of areal characteristics and the calculation of the
parameters of the share that is occupied by forest suitability
groups of soils in the study area.

The task of the first stage of the research is to identify
the correspondence of the diagnostic criteria of soil forest
suitability groups to the soil contours of the used soil map at
a scale of 1: 400000. The criteria for soil forest suitability
groups in this study are those developed by V.M. Kiritinin.
and Isupov B.A. (Kretinin, 1993; Kretinin, 2004 ) the following
indicators of forest suitability: particle size distribution; humus
content in the arable horizon, %; thickness of humus
horizons, cm; degree of erosion, content of water-soluble
salts in the layer 0-100 cm, %; fresh water level; rockiness
and rubble, %; participation of non-forestable soils in the
complex, %. The result of the research at the first stage is
the distribution of symbols for the contours of the soil map
according to groups of forest suitability of soils.

The task of the second stage is to create a cartographic
model of the forest suitability of soils in the study area.
The tasks that are solved during this stage are the
following: topographic binding of the original raster image
of the soil map; creation, based on generalizations
obtained at the first stage of research, a layer of boundaries
of forest suitability group contours; development and
assignment of attributes to the created polygons of the
cartographic model (color, characteristics of polygon
boundaries, etc.). The result of the research at this stage is

a spatial model of the forest vegetation properties of the
soils of the study area, made in digital form and allowing
for measurements of the areal characteristics of the
created polygons.

The task of the third stage was to analyze the resulting
cartographic model and identify the characteristics of the
forest vegetation properties of the soils of the study area.
During this stage of the research, the following tasks were
solved: taking parameters of the area occupied by groups
of forest suitability of soils-completely satisfactory,
satisfactory, conditionally satisfactory and not satisfactory-
within the framework of the administrative-territorial division
of the study area, calculating share indicators, constructing
diagrams. The result of the research is the identification of
spatial characteristics of the forest vegetation properties
of the soils of the study area.

The basis for creating a cartographic model of forest
growth conditions of the dry steppe zone was the soil map
of the Volgograd region Scale 1:400000 (Soil Map of the
Volgograd Region, 1985). This map summarizes the
materials of large-scale soil surveys by A.N. Zhulidova, N.I.
Ivashkova, B.P. Chursina. It characterizes the distribution
of the main types of soils (Degtyareva et al., 1970) and
allows one to assess the state of the soil cover based on
indicators characterizing the granulometric composition of
soils, the development of water and wind erosion, the
participation of saline soils in the structure of the soil cover
and characterizes the depth of salts in them. The map
used allows us to characterize the distribution of sandy
massifs and underdeveloped soils formed on crushed stone
and flasks. In previous studies (Kretinin, 1993) related to
the assessment of forest conditions, a more generalized.

The object of research is the dry steppe zone of the
Volgograd region. Its area within the Volgograd region is
59,667 km?2. The boundaries of the zone were determined
in accordance with the natural-agricultural zoning scheme
M 1: 2000000 shown on the soil map M 1: 400000 (Sall
map of the Volgograd region, 1985). In accordance with
this scheme, the Volgograd region is represented by three
zones: steppe, dry steppe and semi-desert. The largest
areas belong to the dry steppe zone, which occupies 54%
of the territory. The steppe zone occupies 30% of the territory,
the semi-desert zone occupies 16% of the territory, Fig 1.

The dry-steppe zone of the Volgograd region,
represented by three natural and economic regions: central,
dry- steppe chestnut-alkaline; southern dry steppe chestnut-
alkaline; eastern dry steppe chestnut-salt and chestnut.
These areas differ in the geomorphological features of the
territory, affecting the redistribution of precipitation. The
largest area is occupied by the central dry-steppe chestnut-
alkaline region - 31% of the area of the Volgograd region.
13% is occupied by the southern dry steppe chestnut-
alkaline and 10% by the eastern dry steppe chestnut-
alkaline and chestnut.

The climate of the dry steppe zone is characterized by
a high degree of continentality and aridity (Atlas of the
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Volgograd region, 1993; Volgograd Region: Natural
Conditions, Resources, Economy, Population, Geoecological
State, 2011). The duration of the growing season with an
average daily air temperature above + 10°C is 160 - 190
days and the sum of temperatures during this time is 2200
- 3500°C. The frost-free period is 150-190 days. Annual
precipitation is 250 - 350 mm. A significant part of the dry
steppe zone is characterized by a large number of days
with droughts and low moisture coefficients of 0.33 - 0.55.
The main soils here are Dark chestnut, Chestnut, Light
chestnut (Classification and diagnostics of soils of the
USSR, 1977), which corresponds to Haplic Kastanozems
Chromic (World reference base for soil resources, 2006;
Unified State Register of Soil Resources of Russia, 2024).
When moving from the northwest to the southeast, the
amount of saline soils increases, Solonetzes (Classification
and diagnostics of soils of the USSR, 1977) or Haplic
Solonetz Albic Chromic (World reference base for soil
resources, 2006; Unified State Register of Soil Resources
of Russia, 2024). Natural feeding grounds are represented
by dry-steppe tussock-grass vegetation with a predominance
of fescue-feather grass and wormwood-fescue grass
stands (Atlas of the Volgograd Region, 1993; Degtyareva
et al., 1970).

The dry steppe zone of the Volgograd region, as an
object of research, is characterized not only by the maximum
share of area in the Volgograd region, but also by the
diversity of soils. This zone is characterized by the presence
of soils widespread both in the semi-desert Solonetzes
zone (Classification and Diagnostics of Soils of the USSR,
1977) and Dark chestnut soils similar in their properties to
soils widespread in the Southern chernozems steppe zone
(Classification and Diagnostics of Soils of the USSR, 1977)
or Calcic Chernozem (World reference base for soil
resources, 2006) and Chernozems ordinary (Classification

and Diagnostics of Soils of the USSR, 1977) which
corresponds to Voronic Chernozem (World Reference Base
for Soil Resources, 2006). Reclamation solutions
developed in a given area can be extrapolated to large areas.

The object of research is an important source of
production of valuable food grain crops such as wheat,
barley, rye. The aridity of the climate makes it possible to
obtain harvests of the most valuable durum varieties. Wheat
flour grown in the dry steppe zone of the Volgograd region
has a high gluten content; it is used to produce bread and
pasta of the highest quality. Scientific research related to
the development of reclamation solutions aimed at
preserving and reproducing soil resources in a given
territory is extremely relevant and in demand.

The work was carried out at the Federal Scientific
Center for Agroecology of the Russian Academy of Sciences.
The work period is from 2021-08 to 2023-11.

RESULTS AND DISCUSSION

The result of the research carried out at the first stage is to
establish, using the soil map, the nomenclature of the
occurring soil differences and identify their compliance with
the classification criteria of soil forest suitability groups.
The obtained generalized research results are presented
in Table 1.

An analysis of Table 1 shows that the first group of
forest suitability of soils is represented by the most fertile
types of soils unaffected by the processes of water and
wind erosion: southern chernozem and ordinary
chernozem, meadow-chernozem, alluvial meadow soils,
dark chestnut soils. The second group of forest suitability
of soils is represented by less fertile chestnut soils, as
well as soils included in the first group, but characterized
by the development of water degradation processes or an
increased content of water-soluble salts. The third group

steppe zone

central region of the
dry steppe zone

teppe zone

semi-desert

Fig 1: Object of research, boundaries of natural economic areas of the dry steppe zone of the Volgograd region.
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of soil suitability for forestry is represented by light chestnut
soils, as well as soil complexes in which non-forestable
saline soils (solonetzes) occupy a share of up to 10-25%.
The third group of forest suitability of soils also includes
weakly and moderately humified sands, underdeveloped
chernozems and dark chestnut eroded soils. The fourth
group of soil suitability for forests is represented by soils
and substrates: solonetzes, developed sands, chestnut
underdeveloped soils, as well as soil complexes in which
non-forestable soils predominate.

The result of the work was the creation of a spatial
model of forest vegetation properties of soils in the dry
steppe zone of the Volgograd region. This cartographic
model is presented in Fig 2.

Analysis of the image of the cartographic model of
forest vegetation properties of soils allows us to identify
two visually perceived features of the location of the contours.
The first feature is associated with the distribution of soils
of the first and fourth forest suitability groups. There is a

tendency for the first group of soils to gravitate towards the
northwestern border of the study area and the fourth to the
southeastern border of the dry steppe zone. The second
feature is related to the size of soil contours. On the right
bank of the Don River the size of the contours is smaller.
This difference is due to the topography of the study area.
The right bank of the Don River is characterized by a greater
dismemberment of the territory by a hydrographic network.

The implementation of a cartographic model of soil
suitability for forests made it possible, based on the use of
the capabilities of the QGIS software package, to measure
the areas of the created soil contours. To provide a detailed
description of the study area, the measurements of area
parameters took place taking into account the boundaries
of the administrative-territorial division of the Volgograd
region Fig 3. The data obtained are presented in Table 2
and summarized in the diagram of Fig 4.

Analysis of the table data indicates that, in general,
soils of the third group predominate in the dry steppe zone.

Table 1: Classification of soil map contours at a scale of 1:400000 according to groups of forest suitability of soils*.

I-completely
suitable for forest

Il -satisfactorily
suitable for forest

Il - conditionally
suitable for forest

IV - not suitable
for forestry

K,"; Dark chestnut,
thickness of the humus
layer medium-thick

Yn"; Meadow-chernozem,
thickness of the humus
layer medium-thick

A_"; Alluvial meadow,
thickness of the humus
layer medium-thick

K,N; dark chestnut, humus
horizon thickness low-power,
slightly washed out

K,% dark chestnut, saline

K,"; chestnut, thickness
of the humus layer

medium-thick

Ky Kieer light chestnut; the same
in combination with

solonetzes 10-25%

K2 ||¢¢; KZCH; KZII*CHKI*; K2 II*CHKIII*“;
chestnut, thickness of the humus layer
medium-thick, medium washed; the
same saline; the same in combination
with solonetzes 10-25%; the same

in combination with solonetzes 25-50%
K3{; dark chestnut, humus

horizon thickness low-power,

medium washed

K,"*CHK"™; dark chestnut,

thickness of the humus

layer medium-thick, in

combination with solonetzes

25-50%

K,*CHX"; dark chestnut,

humus horizon thickness

low-power, in combination

with solonetzes 10-25 %

N"; sands, humus horizon

thickness medium-thick

AHH3”; AHH3”*CHK'”; alluvial
meadow, saline, thickness of
the humus layer medium-thick;
the same in combination with
solonetzes 10-25%

CH; solonetzes

CH" K,"; solonetzes in
combination with dark
chestnut 10-25 %, humus
horizon thickness low-power

CHY K.'"; solonetzes

in combination with
chestnut 10-25 %, humus
horizon thickness low-power
CHY K,"{{; solonetzes

in combination with
chestnut 25-50%, humus
horizon thickness low-
power, medium washed
CHYK,"; solonetzes in
combination with light
chestnut 10-25 %

M"t1; sands, humus horizon
thickness low-power, medium
wind erosion

KHy;chestnut underdeveloped,
very rocky, formed on opoka,
sand, sandstone and light
loam

*The names of the soil contours correspond to classification and diagnostics of soils of the USSR, 1977.
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They occupy 40,728 km?, which is 68.3% of the territory.
Further in order and by decreasing area occupied are soils
of groups IV, |, Il. They occupy 7185, 6184, 5570 km?, which
is 12; 10.4; 9.3% of the study area.

Calculating the areas of forest suitability groups of
soils within the boundaries of natural economic zoning

made it possible to confirm the natural features of the
territory. Their identification is important for solving
issues of specialization of agricultural production.
Analysis of the diagram of the figure confirms the general
pattern of changes in soil cover in the direction from
northwest tosoutheast. In this direction, the share of

B 1
. I
111X
[ ] TV

100 km

| — completely suitable for forest; Il — satisfactorily suitable for forest; Il — conditionally suitable for forest; IV - not
suitable for forestry.

Fig 2: The boundaries of forest suitability groups for soils in the dry steppe zone of the Volgograd region:

Table 2: Area of forest suitability groups of soils in the dry steppe zone of the Volgograd region, km?.

Natural-agricultural region Administrative region I* I* I Iv*
Serafimovichsky 1372 686 2210 55
Frolovsky 2110 190 959 0
Olkhovsky 186 606 2373 60
Kotovsky 103 209 2043 87
Central dry steppe Kletsky 911 703 1582 359
llovlinsky 736 602 2318 500
Dubovsky 0 0 3000 52
Kamyshinsky 15 360 3164 24
Surovinsky 336 455 2354 254
Chernyshkovsky 178 377 2524 0
Kalachevsky 0 190 3475 560
Southern dry steppe Oktyabrsky 0 44 3410 357
Kotelnikovsky 0 67 2964 440
Svetloyarsky 0 0 1507 1678
Bykovsky 0 217 2228 965
Eastern dry steppe Nikolaevsky 0 433 1805 1198
Staropoltavsky 237 431 2812 596
Central dry steppe 10 districts 5947 4188 22527 1391
Southern dry steppe 4 districts 0 301 11356 3035
Eastern dry steppe 3 districts 237 1081 6845 2759
Total for the dry steppe zone 17 districts 6184 5570 40728 7185

*| - completely suitable for forest; I1* - satisfactorily suitable for forest; IlI* - conditionally suitable for forest; IV*- not suitable for forestry.
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groups | and Il decreases and the share of groups lll
and |V increases.

The reasons for the existing soil changes lie in climate
change and geomorphology. The interaction of these factors
determines the characteristics of the manifestations of
degradation processes. Thus, in the central and southern
dry-steppe region, the predominant type of degradation is
erosionand in the eastern dry-steppe region, deflation.
Saline soils are most widespread in the eastern and
southern dry-steppe natural and economic regions.

In agricultural production, this feature is manifested in
changes in the structure of land. As soil fertility decreases,
the amount of arable land decreases and the amount of

pastures increases. This is clearly visible from the map
and diagram (Atlas of Thematic Maps for Agroleomelioration
and Protective Aforestation, 2007).

All these features are important for planning
agroforestry activities. Thus, in areas with widespread
erosion, it is necessary to create anti-erosion forest belts.
In areas where deflation occurs, shelterbelt forests are
provided. Protective forest plantations and plantings for
animals are created on pastures. These forest belts differ
in their design, creation technology and tree species used
(Abakumova et al., 2004; Abakumova et al., 2006).

It is important to take into account the identified
features of the forest vegetation properties of the soil cover

A

Fig 3: Borders and names of administrative districts of the Volgograd region located in the dry steppe zone.

g &£ 22 32 8 8

b
=]

-
-]

m completely suitable for forest (1)
= conditionally suitable for forest (III) m not suitable for forestry (IV)

| l l l
1My

m satisfactorily suitable for forest (1)

Central dry steppe

Southern dry steppe

Eastern dry steppe

Fig 4: Diagram of changes in the proportion of forest suitability groups of soils in three natural and economic regions of the dry
steppe zone of the Volgograd region, %.
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when selecting tree species used in the creation of
protective forest plantations. In the central dry steppe
region, dark chestnut soils predominate; in this natural
and economic region it is possible to create protective
forest belts of common oak (Quercus communis) and
green ash (Cinis viridi). In the southern and eastern
natural-economic regions, chestnut and light chestnut
soils predominate; in this area it is possible to create
protective forest belts from more drought-resistant
species such as white acacia (Acacia alba), as well as
salinity-resistant small-leaved elm (Ulmus parva-foliati),
(Mattis et al., 1984; Semenyutina, 2002).

An important and interesting question is the question
of comparing the newly obtained data from the study with
previously conducted studies.

The closest to the topic of the current research is the
study by V.M. Kretinin (Kretinin, 1993). In this study, the
assessment of the soil-vegetative properties of soils was
carried out within the framework of agroforestry areas and
natural zones of Russia, based on soil map data 1: 2500000
(Soil Map of the Russian Federation, 1988). Summarizing
the data obtained by the researcher, the arithmetic average
values of the share (%) occupied by soils of four forest
suitability groups within the dry-steppe were calculated
zones of Russia as a whole. They are as follows: first -
29%, second - 24%, third -26%, fourth - 21%. In this study,
the revealed values of the proportion of soil groups for the
dry steppe zone of the Volgograd region are as follows:
first - 10.4%, second 9.3%, third 68.3% and fourth 12%.
The findings vary markedly. It should be noted the
predominance of soils of the third group and smaller shares
of the first and second and fourth groups of soils.

The difference in the data obtained can be explained
by regional specifics. The dry steppe zone, in addition to
the Volgograd region, extends to the territory of the eastern
and central parts of the Stavropol Territory, the Republic of
Dagestan, the north of the Chechen Republic, the Ingush
Republic, the central and eastern part of the Rostov region,
the western part of the Republic of Kalmykia, the central
and southeastern part of the Saratov region, the Orenbur
region, Altai Territory (Kretinin, 2009). The dry steppe zone
of Russia covers an area of about 218,210 km? (Zonn et al.,
2004). The area of the dry steppe zone in the Volgograd
region is 59,667 km? or 27.3% of the area of the dry steppe
zone in Russia. Changes in the ratio between groups of
forest suitability of soils are a manifestation of regional
specificity and a feature of the study area.

The revealed fact of a smaller proportion of soils in the
first and second groups of soil suitability for forests and an
increase in the proportion of soils in the third group for the
dry steppe zone of the Volgograd region is important for
agroforestry research. This feature of the study area makes
relevant the issues of identifying priority territories for
agroforestry development and determining their location
(Tubalov, 2023). The development of principles and priority

directions for the implementation of protective afforestation
is one of the strategic directions for the development of
agroforestry (Kulik et al., 2018).

CONCLUSION

The result of the research is the creation of a cartographic
model of the distribution of soils of four groups of forest
suitability in the dry steppe zone of the Volgograd region.
The created map is based on the application of soil map
data at a scale of 1:400000. The study area, with a total
area of 59,667 km?, is characterized by the following ratio
of forest vegetation groups: first 10.4%; second 9.3%; third
68.3%; fourth 12%.

Assessing forest conditions is a key condition for
increasing the effectiveness of agroforestry measures. The
resulting cartographic model can be used to plan
agroforestry work - identifying areas for priority development
of agroforestry systems and developing medium-scale
plans for agroforestry development of these territories.
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