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Abstract: Overgrowing of agricultural land by forest in Russia is a large-scale process. This study aims to examine the 
composition and structure of forests that took over abandoned agricultural lands in Belorechensky district, Krasnodar 
Krai (Russia). The research on 4 farmland plots was carried out in 2018. At the time of observation agricultural land has 
been abandoned for 7 to 8 years. Research methodology was developed to determine parameters such as tree and shrub 
density per ha, height and age at 50 m and up to 100 m from the forest. Two study sites were dominated by mesophytes, 
whilst the other two sites were invaded by xerophytes. Xerophytic landscapes were co-dominated by downy oaks and 
dog roses. The stand density of examined plants was 1.7 times lower at 51 to 100 m than near the forest (P ≤ 0.05). There 
were 3.3 times as many dog roses as downy oaks. The stand density of common ash stand at 51 to 100 m from the forest 
edge was 10 times lower than that of dog rose (P ≤ 0.01). Mesophytic landscapes were co-dominated by black poplars 
and crack willows. Black poplar was 4.3 times more frequent than dog rose (P ≤  0.002) and 130 times more common 
than elm (P ≤ 0.0001). Natural overgrowth or succession can affect vast areas of land. It was established that dog roses 
and downy oaks regenerate xerophytic fields within 6 to 7 years, whereas mesophytic fields become dominated by black 
poplars and crack willows within 5 to 7 years.
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The total area of agricultural land has decreased 
over the past few decades. Besides the global eco-
nomic crisis (Suleymanov et al. 2020), there were 
other reasons for this. In Eastern Europe and Rus-
sia, farmland withdrawal from agricultural use was 
caused by reforms carried out in the 90s (Komis-
sarov, Gabbasova 2017). Many areas of agricultural 
land became abandoned. Of these, most were areas 
of arable land and hayfields. It is estimated that agri-
cultural land overgrown with forests covers around 

30–70 million ha, yet these are only approximate 
estimates (Pisarenko 2016). According to several 
researchers, there are long-abandoned sites that 
have already been overgrown with well-structured 
secondary forest (Abolina, Luzadis 2015; Medve-
dev et al. 2020).

One-quarter of agricultural land in Russia is cul-
tivated occasionally, usually in the autumn to re-
move weeds (Mohnachev et al. 2018). Furthermore, 
ploughing activities may be documented but they 
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need not be done in reality. If the pasture has not 
been  grazed or hay harvesting is no longer done, 
the land area is likely to start overgrowing with 
trees and shrubs (Shirokikh et al. 2017). The com-
position of newly grown vegetation is dependent 
upon many factors ranging from location to land-
scape dimensions. Obviously, factors such as types 
of land use, soil characteristics, and proximity of 
forest are also important (Swedish Forest Agency 
2014). The spread of seeds from forest areas to un-
occupied land will eventually result in natural re-
growth or regeneration. 

The extent of overgrowth varies from country to 
country (Segura et al. 2020). According to available 
data, the percentage of man-made forests in Russia 
fell from 27.0% (263 million ha) in 2000 to 18.9% 
(172 million ha) in 2018, whereas the percentage 
of naturally regenerated lands rose from 73.0%  
(710 million ha) to 81.1% (768 million ha) during 
that period (Russian Statistical Yearbook 2019). 
Over the past 28 years, the pace of natural regen-
eration in Russia was twice slower than it should be 
to fully compensate for the area loss. Nevertheless, 
these data relate only to the Russian Forest Fund. 

In 1990, the percentage of abandoned agricultur-
al land in Poland was 14%, in Belarus 13%, in Latvia 
around 42%, in Lithuania 28%, and in Russia 31% 
(Nijnik et al. 2014, Abolina and Luzadis 2015, Med-
vedev et al. 2020). Considering the size difference 
between these countries, the most significant rate 
of land abandonment was observed in Russia. That 
is, nearly half of agricultural land was overgrown 
with forest. If abandoned lands are located within 
forest or forest-steppe biome, the overgrowth can 
reach 80%. Therefore, there is a need to monitor 
these areas (Arevalo et al. 2017). This issue is cru-
cial to forest management and forestry. 

There are evidences that succession from aban-
doned farmlands to forests occurs in a broad range 
of biomes (Baude et al. 2019). It was established 
that in the southern parts of the taiga biome, the 
abandoned land becomes overgrown with birch 
trees within 10 to 14 years after abandonment 
(Glushenkov 2015). 

The early birch forest grows into a mixed birch-
spruce forest and finally turns into a spruce-dom-
inated forest. Note that this happens because the 
surrounding landscape is normally taken over by 
the dominant tree species of the nearby forest. In 
the northern forest-steppe biome, it takes 12 years 
for birch trees to regenerate (Beck et al. 2018). 

Since birch and aspen trees are able to spread by 
seed, new seedlings can emerge at a considerable 
distance from the parent plant. Hence, the type 
of regrowth forest is heavily dependent upon soil 
moisture, wind direction, and the presence of seeds 
(Feng et al. 2018). 

Normally, natural regeneration of forests is asso-
ciated with the transfer of seeds to areas without 
woody vegetation. Mature tree stands are able to 
annually produce seeds in quantities sufficient for 
maintaining this process. For example, pine (Pinus 
sylvestris L.) trees generate approximately 1 mil-
lion seeds per ha during the harvest period. Yet, 
only few seeds will eventually grow into trees, since 
nearly 40% have insufficient germination capacity, 
around 10% are carried away by wind, and most are 
eaten by birds and rodents (Mohnachev et al. 2018). 
Besides, it is known that different trees shed their 
seeds at various intervals (Fern et al. 2018). From 
the aspect of economic efficiency, overgrowth is a 
natural and thus cost-effective process as it does 
not require human involvement. 

Furthermore, abandoned lands are typically in-
fertile areas, so farmers will lose little if they over-
grow (Funes et al. 2019). Nevertheless, if soils are 
not suitable for crops, they may be favourable for 
growing oligotrophic plants such as birch and as-
pen trees. From the ecological aspect, overgrowth 
refers to natural succession (Gradinaru et al. 2019). 

The large-scale overgrowth can significantly af-
fect the economy. Regrowth forests can provide 
raw materials needed to meet consumer demands. 
The total area of agricultural land overgrown with 
forest in Russia is 50 million hectares. Its an-
nual output is about 3.9 billion tons or 18% of the 
world’s lumber consumption (Rodin, Rodin 2009). 
Germany and other EU member countries put a lot 
of efforts to create new forests. 

For this, landowners are provided with subsi-
dies  covering around 80% of reforestation costs 
(Swedish Forest Agency 2014). The Russian gov-
ernment, on the contrary, does not have any similar 
initiatives due to the abandonment of agricultural 
lands where forests  regrow on their own. Yet, there 
is a need for monitoring and protecting non-regis-
tered forest units (Low et al. 2015). An important 
issues is the regrowth of abandoned agricultural 
lands in different climatic zones and biomes (Mo-
rano and Tajani 2018). Particularly, little is known 
about the status of abandoned agricultural lands in 
the Krasnodar Krai (Southern Russia). 
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This study aims to examine the composition and 
structure of forests that have regrown on aban-
doned agricultural lands in Belorechensky dis-
trict, Krasnodar Krai. The research objectives are: 
(i) to identify the key plant species involved in re-
generation; (ii) to determine and characterize the 
distribution area of regenerative communities;  
(iii) to assess stand age and density. Note that the 
studied forest-steppe area may be overgrown to a 
lesser extent than northern regions.

MATERIAL AND METHODS

Research design and intervention. The study 
was conducted in 2018 in Belorechensky district, 
Krasnodar Krai (Russian Federation). The forest 
area of Krasnodar Krai is equal to 1.5 million hect-
ares, accounting for 22% of the total area. Most for-
ests (85%) are hardwood forest ecosystems, one-
third of which are old-growth forests.  

The studied area was dominated by oak forests 
composed of common oak (Quercus robur) and 
downy oak (Quercus pubescens) trees. In drier me-
sophytic areas, forests are dominated by black pop-
lar (Populus nigra). The total area of agricultural 
land in Belorechensky district is around 60%, 25% 
of which is abandoned (up to 25%) and prone to 
overgrowth. 

Study sites were chosen using the compass meth-
od. Selected sites were at 10 to 50 and 51 to 100 m 
from the nearest forest. Study sites were included 
in the study based on whether or not they had suc-
cessive seedlings (Shvidenko 2018). Each plot was 
decided to have at least 100 young trees. Conse-
quently, the size of land varied from plot to plot. 
The number of trees within the plot, their age and 
height were determined. 

A total of four study sites (or 8 plots) were se-
lected. Of these, two sites comprising 23 ha and  
37 ha of abandoned pasture land were located near 

the oak forest, whereas the other two sites covering  
3 ha and 7 ha of abandoned pasture were standing 
near the black poplar forest. The first study site has 
been abandoned for 8 years and the other sites have 
not been cultivated for 7 years. 

Forest near the first study site is composed of 
common oak trees and common ash (Fraxinus ex-
celsior) trees. Its age is 60 years. The forest edge 
is dominated by downy oaks (55%) and dog roses 
(Rosa canina, 45%). All plots are occupied by allu-
vial sandy sod-podzolic soils. Forest near the sec-
ond study site is similar to that near the first site. 
The forest edge is dominated by downy oaks (75%) 
and dog roses (25%). Forest near the third study site 
consists of black poplar and elms (Ulmus sp.). The 
forest edge is occupied by dog roses. The site has 
not been used for 7 years. Forest near the fourth 
study site is similar to that near the third site, yet 
it also includes crack willows (Salix fragilis). There 
are no shrubs along the forest edge. 

Statistical analysis. Statistical data processing was 
performed using Statistica v. 6.0 (StatSoft Inc., Tul-
sa, USA). As data followed normal distribution, the 
parametric analysis was used. The arithmetic mean 
and standard deviation were found. Two-sample  
t-test was employed to find out whether a differ-
ence between variables (tree height, tree age, and 
stand density per unit area) was reliable. Differenc-
es were considered significant at P ≤ 0.05.

RESULTS

In spite of the one-year difference in land aban-
donment, the overgrowth of study sites was found 
to have fundamentally different scenarios. The 
overgrowth scenario stems from the forest com-
position. For instance, the overgrowth of land near 
the oak-dominated forest (first study site) occurred 
at 100 m or so from the forest edge (Table 1).  
At the same time, common oak demonstrated the 

Table 1. Density, height and age of tree and shrub seedlings at various distances from tree seed sources (data obtained 
for the 1st study site)

Distance  
from forest

Density per unit area 
(thousand plants per ha) Average age (years) Average height (cm)

CO DO CA DR CO DO CA DR CO DO CA DR
< 50 m 0.01 0.5 0.7 1.2 4.0 5.0 5.0 7.0 65.0 ± 4.0 56.0 ± 3.7 61.0 ± 5.3 45.0 ± 2.9
51–100 m 0 0.3 0.1 1.0 – 4.0 4.0 6.0 – 45.0 ± 4.1 57.0 ± 3.9 36.0 ± 3.1

CO – common oak (Quercus robur); DO – downy oak (Quercus pubescens); CA – common ash (Fraxinus excelsior);  
DR – dog rose (Rosa canina)
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lowest rate of overgrowth (the ratio of land area 
overgrown with certain tree species to the total 
abondened land area) compared to the other tree 
species. Single oak trees were found closely to the 
forest, that is at 50 m from the forest edge. Other 
tree and shrub species showed a greater poten-
tial for spreading. For instance, the stand density 
of downy oak stand found at 50 m from the forest 
edge is 50 times higher than that of common oak  
(P ≤ 0.0001). However, it is 1.4 times lower than that 
of common ash (P ≤ 0.05) and 2.4 times lower than 
that of dog rose (P ≤ 0.01). The number of common 
ash trees and dog roses at 50 m from the forest edge 
is 70 times (P ≤ 0.0001) and 120 times (P ≤ 0.0001) 
higher than that of common oak, respectively.

The average stand density of examined stands at 
51 to 100 m from the forest edge is 1.7 times lower 
than that of vegetation near the forest (P ≤ 0.05). 
Shrubs continue to prevail. The stand density of 
dog roses is 3.3 times higher than that of downy 
oaks and 10 times higher compared to common ash 
(P ≤ 0.01). Therefore, dog rose has the maximum 
potential for uniformly spreading over 100-m dis-
tances, followed by downy oak. Common ash has 
the maximum potential for spreading over shorter 
(up to 50 m) distances. There were no significant 
age differences between trees. All subjects began 
growing 2 to 3 years after land abandonment. Dog 
roses, however, appeared much earlier, around  
1 year after abandonment (P ≤ 0.05). This can ex-

plain the dominance and high density of dog roses 
in the studied area. There was no significant dif-
ference in average height between trees, except for 
the common oak aged 5-4 years (P ≤ 0.05), and be-
tween shrubs (P ≤ 0.05). 

Similar results were obtained for the second 
study site. Dog roses dominated over other plants 
at all distances. In close proximity to the forest, dog 
roses were 2.5 times and 1.8 times more frequent 
than common ash (P ≤ 0.01) and downy oak trees 
(P ≤ 0.05), respectively. At 100 m from the forest 
edge, their stand density was 4 times higher than 
that of downy oak stand and 6 times higher as com-
pared to common ash (P ≤ 0.001) (Table 2).

The second study site had no common oak seed-
lings outside the forest. Downy oak trees aged  
4 years were higher than those aged 3 years  
(P ≤ 0.05). There was no similar trend among the 
common ash trees, although they were higher 
compared to downy oaks (P ≤ 0.05). Shrubs (dog 
roses) were two years older than trees, yet smaller  
(P ≤ 0.05).

The third and fourth study sites were located near 
the black poplar forest. The black poplar seedlings 
have the greatest potential for self-regenerating 
and spreading, as evidenced by their dominance 
over other plants at all studied distances (Table 3).

In close proximity to the forest, there were  
2.2 times as many black poplar seedlings as dog 
rose seedlings (P ≤ 0.01). Furthermore, there were  

Table 2. Density, height and age of tree and shrub seedlings at various distances from tree seed sources (data obtained 
for the 2nd study site)

Distance  
from forest

Density per unit area 
(thousand plants per ha) Average age (years) Average height (cm)

CO DO CA DR CO DO CA DR CO DO CA DR
< 50 m 0 0.8 0.6 1.5 – 4.0 4.0 6.0 – 52.0 ± 2.9 58.0 ± 4.6 41.0 ± 2.2
51–100 m 0 0.3 0.2 1.2 – 3.0 3.0 5.0 – 39.0 ± 3.4 53.0 ± 2.8 34.0 ± 2.8

CO – common oak (Quercus robur); DO – downy oak (Quercus pubescens); CA – common ash (Fraxinus excelsior);  
DR – dog rose (Rose canina)

Table 3. Density, height and age of tree and shrub seedlings at various distances from tree seed sources (data obtained 
for the 3rd study site)

Distance from forest
Density per unit area  

(thousand plants per ha) Average age (years) Average height (cm)

BP E DR BP E DR BP E DR
< 50 m 1.8 0.4 0.8 5.0 2.0 6.0 71.0 ± 3.3 27.0 ± 2.3 48.0 ± 3.1
51–100 m 1.3 0.01 0.3 4.0 1.0 4.0 57.0 ± 4.5 13.0 ± 2.9 39.0 ± 4.4

BP – black poplar (Populus nigra); E – elm (Ulmus sp.); DR – dog rose (Rose canina)
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4.5 times more black poplar seedlings than elm 
seedlings (P ≤ 0.001). At 100 m from the forest, 
black poplar seedlings continue to dominate over 
dog rose and elm seedlings. There were 4.3 times 
more black poplar seedlings than dog rose seedlings  
(P ≤ 0.002). There were 130 times as many black 
poplar seedlings as elm seedlings (P ≤ 0.0001). Thus, 
elm has the lowest potential to dominate in succes-
sion: the density of elm seedlings at 51 to 100 m  
from the forest dropped by 97.5% (P ≤ 0.0001). For 
comparison, the stand density of dog rose seedlings 
decreased by 62.5% (P ≤ 0.05). At the same time, 
black poplar seedlings showed no significant differ-
ence in stand density between the studied distances 
(P ≤ 0.05). Elm seedlings were twice as young as 
other two species (P ≤ 0.05). Black poplar seedlings 
were 1.5 to 2.5 times higher than elm and dog rose 
seedlings.

The fourth study site is characterized by the ab-
sence of dog roses and by the presence of crack 
willow trees (Table 4). The crack willow seedlings 
dominated over other plants. The stand density 
of crack willow seedlings at 50 m from the forest 
was 1.6 times higher than that of the black poplar 
stand (P ≤ 0.05) and 10.5 times higher compared 
to elm seedlings (P ≤ 0.001). At 100 m from the 
forest edge, it was greater by 2.5 (P ≤ 0.01) and  
150 times (P ≤ 0.001), respectively. The stand density 
of all studied plants decreased with distance: crack 
willow 1.4 times, elm 20 times, and black poplar  
2.1 times (P ≤ 0.01).

Thus, crack willow has the biggest potential to take 
over the abandoned land in comparison with black 
poplar and elm. There was practically no significant 
difference in age between plants. The exception is 
the elm tree species at 51 to 100 m from the for-
est, which began spreading later than other plants 
and were lower in density. Crack willows were 1.3 to  
1.5 times lower in height than other plants (P ≤ 0.05).

Results suggest that spatial distribution patterns 
of plants in the forest-steppe region of Krasnodar 

Krai depend on their soil moisture preferences. For 
instance, downy oaks and dog roses dominate in 
xerophytic areas, whilst crack willows, black pop-
lars, and, to a lesser extent, dog roses dominate in 
mesophytic areas at 100 m from the forest. 

DISCUSSION

The study revealed specific characteristics of for-
est regeneration on abandoned agricultural land 
in the forest-steppe region. In contrast to similar 
works carried out in forest and taiga zones in Rus-
sia, Europe, and China (Raiesi, Salek-Gilani 2018; 
St-Denis et al. 2018; Rodrigo-Comino et al. 2018; 
Shang et al. 2019), this study shows the co-domi-
nance of downy oaks, crack willows, and dog roses. 
At the same time, birches, aspens, grey alders, and 
conifers dominate the forest biome (Shi et al. 2018). 
The overgrowth of agricultural land by forest will 
progress faster in the forest zone (Song et al. 2019). 

Thus, a dense birch forest takes 11 to 14 years 
to take over the abandoned land, whereas in the 
northern forest-steppe zone, this will take 12 years 
(Zethof et al. 2019). This study shows that dense 
stands of downy oak and dog rose can grow in  
5 to 7 years. Dog roses are the first plants to invade 
abondoned xerophytic land areas, whilst crack wil-
lows and black poplars are the pioneer species in 
mesophytic landscapes. 

The conversion of meadow or steppe areas into 
forest results in the change of microclimatic condi-
tions. For instance, dog roses attract invertebrate 
animals that are native to forests, such as ants, 
whereas steppe animals are not common in a dog 
rose-dominated area (Stukalyuk, Radchenko 2011). 
This happens because woody plants are a main 
source of food for invertebrate animals (Stukalyuk 
et al. 2019a). 

The presence of invasive species in plant com-
munities can have a negative effect on the species 
diversity of invertebrates (Stukalyuk et al. 2019b). 

Table 4. Density, height and age of tree and shrub seedlings at various distances from tree seed sources (data obtained 
for the 4th study site)

Distance from forest
Density per unit area  

(thousand plants per ha) Average age (years) Average height (cm)

BP E CW BP E CW BP E CW
< 50 m 1.3 0.2 2.1 5.0 5.0 5.0 73.0 ± 3.2 58.0 ± 3.9 55.0 ± 4.7
51–100 m 0.6 0.01 1.5 4.0 3.0 4.0 66.3 ± 3.4 36.0 ± 3.4 37.0 ± 4.1

BP – black poplar (Populus nigra); E – elm (Ulmus sp.); CW – crack willow (Salix fragilis)
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There were no invasive plants found in the studied 
forests and overgrown pasture lands, so this factor 
was not considered. The present case of overgrowth 
refers to the natural succession process (Valle et al. 
2019) that does not require any financial invest-
ments (this does not include spending on sanitary 
felling). The state financial support for farmland 
restoration in the Moscow region had a small but 
noticeable positive effect on their return to circula-
tion (Volkova 2018). However, these events are not 
yet conducted on a large scale. Hence, the bulk of 
abandoned farmland in Russia goes through differ-
ent stages of succession.

Natural regeneration in Sweden represents only 
18% of the area (Swedish Forest Agency 2014). Oth-
er areas were restored by sowing seeds or planting 
seedlings. Note that over the past 10 years, the area 
of natural regeneration in Sweden decreased by 50%. 
Meanwhile, the felling volume remained unchanged. 
In Russia, felling activities and natural regeneration 
events are not controlled by the government. There-
fore, it is necessary to assess the extent of natural re-
generation, including abandoned agricultural lands 
not only in Russia but also in other countries.

CONCLUSION

The key finding of this study is that the spread 
of plants within the forest-steppe biome of Kras-
nodar Krai depends on their soil moisture prefer-
ences. Over 6 to 7 years, open-field xerophytic sites 
up to 100 m from the tree seed sources have ac-
complished succession to early forest with two co-
dominant plant species: dog rose and downy oak. 
Mesophytic landscapes were characterized by the 
dominance of crack willows and black poplars, 
which spread across the area over the period of 5 to 
7 years after abandonment. 

REFERENCES

Abolina E., Luzadis V.A. (2015): Abandoned agricultural land 
and its potential for short rotation woody crops in Latvia. 
Land Use Policy, 49: 435–445. 

Arevalo J.R., Fernandez-Lugo S., Reyes-Betancort J.A., Teje-
dor M., Jimenez C., Diaz F.J. (2017): Relationships between 
soil parameters and vegetation in abandoned terrace fields 
vs. non-terraced fields in arid lands (Lanzarote, Spain): an 
opportunity for restoration. Acta Oecologica, 85: 77–84. 

Baude M., Meyer B.C., Schindewolf M. (2019): Land use 
change in an agricultural landscape causing degradation 

of soil-based ecosystem services. Science of the Total En-
vironment, 659: 1526–1536.

Beck H.E., Zimmermann N.E., McVicar T.R., Vergopolan 
N., Berg A., Wood E.F. (2018): Present and future Kop-
penGeiger climate classification maps at 1-km resolution. 
Scientific Data, 5: 180–214.

Feng T., Wei W., Chen L., Rodrigo-Comino J., Die C., Feng X., 
Ren K., Brevik E.C., Yu Y. (2018): Assessment of the impact 
of different vegetation patterns on soil erosion processes 
on semiarid loess slopes. Earth Surface Processes and 
Landforms, 179: 436–447.

Fern R.R., Foxley E., Bruno A., Morrison M.L. (2018): Suit-
ability of NDVI and OSAVI as estimators of green biomass 
and coverage in a semi-arid rangeland. Ecological Indica-
tors, 94: 16–21.

Funes I., Save R., Rovira P., Molowny-Horas R., Alcaniz J.M., 
Ascaso E., Herms I., Herrero C., Boixadera J., Vayreda J. 
(2019): Agricultural soil organic carbon stocks in the north-
eastern Iberian Peninsula: Drivers and spatial variability. 
Science of the Total Environment, 668: 283–294.

Glushenkov O.I. (2015): Evaluation of forests located on agri-
cultural lands in the Bryansk region. Forestry Engineering 
Journal, 5: 74–84.

Gradinaru S.R., Kienast F., Psomas A. (2019): Using multi-
seasonal Landsat imagery for rapid identification of aban-
doned land in areas affected by urban sprawl. Ecological 
Indicators, 96: 79–86. 

Hu P., Liu S., Ye Y., Zhang W., He X., Su Y., Wang K. (2018): 
Soil carbon and nitrogen accumulation following agricul-
tural abandonment in a subtropical karst region. Applied 
Soil Ecology, 132: 169–178.

Komissarov M.A., Gabbasova I.M. (2017 Erosion of agroch-
ernozems under sprinkler irrigation and rainfall simulation 
in the Southern forest-steppe of Bashkir CisUral region. 
Eurasian Soil Science, 50: 253–261.

Low F., Fliemann E., Abdullaev I., Conrad C., Lamers J.P.A. 
(2015 Mapping abandoned agricultural land in Kyzyl-
Orda, Kazakhstan using satellite remote sensing. Applied 
Geography, 62: 377–390.

Medvedev A.A., Telnova N.O., Kudikov A.V. (2020): Highly-
detailed remote sensing monitoring of tree overgrowth 
on abandoned agricultural lands. Forest Science, 3: 1–8.

Mohnachev P., Menshikov S., Makhniova S., Zavyalov K., 
Kuzmina N., Potapenko A., Laaribyam S. (2018): Scotch 
pine regeneration in magnesite pollution conditions in 
South Ural, Russia. Southeast Europe, 9: 55–60.

Morano P., Tajani F. (2018): Saving soil and financial feasibil-
ity. A model to support public-private partnerships in the 
regeneration of abandoned areas. Land Use Policy, 73: 1–48.

Nijnik M., Slee B., Pajot G. (2010): Opportunities and chal-
lenges for terrestrial carbon offsetting and marketing, 



442

Original Paper	 Journal of Forest Science, 66, 2020 (10): 436–442

https://doi.org/10.17221/100/2020-JFS

with some implications for forestry in the UK. Southeast 
Europe, 1: 69–79.

Pisarenko A.I. (2016): World Forestry Congresses: from the 
FAO Background to Modern Forestry Issues. Moscow, 
Jurisprudence: 407.

Raiesi F., Salek-Gilani S. (2018): The potential activity of soil 
extracellular enzymes as an indicator for ecological resto-
ration of rangeland soils after agricultural abandonment. 
Applied Soil Ecology, 126: 140–147.

Rodin A.R., Rodin S.A. (2009): Forestry-physiological sub-
stantiation of the creation of the “Kyoto Forest” by forest 
cultural methods. Forestry, 2: 31–33.

Rodrigo-Comino J., Martinez-Hernandez C., Iserloh T., Cerda 
A. (2018): Contrasted impact of land abandonment on soil 
erosion in Mediterranean agriculture fields. Pedosphere, 
28: 617–631. 

Russian Statistical Yearbook (2019): Statsb. Moscow, Rosstat: 
708. (in Russian with English preface)

Segura C., Navarro F.B., Jimenez M.N., Fernandez-Ondono E. 
(2020): Implications of afforestation vs. secondary succes-
sion for soil properties under a semiarid climate. Science 
of the Total Environment, 704: 135393. 

Shang Z.H., Cao J.J., Degen A.A., Zhang D.W., Long R.J. 
(2019): A four-year study in a desert land area on the effect 
of irrigated, cultivated land and abandoned cropland on 
soil biological, chemical and physical properties. Catena, 
175: 1–8.

Shi C., Wang H., Li J., Li Y., Zhang A. (2018): Research on 
changes of soil organic carbon in abandoned homestead of 
Weibei Loess upland after land remediation – a case study 
in Chengcheng county, Shaanxi province, in China. Energy 
Procedia, 153: 478–483.

Shirokikh P.S., Martynenko V.B., Zverev A.A., Bikbaev I.G., 
Ibragimov I.I., Bikbaeva G.G., Karimova L.D., Baisheva 
E.Z. (2017): Vegetation of abandoned fields in the Bashkir 
Cis-Urals. Tomsk State University Journal of Biology, 37: 
66–104.

Shvidenko A.Z. (2008): Tables and Models of Growth and 
Productivity of Plantations of the Main Forest-Forming 
Species of Northern Eurasia. Moscow, Federal Agency of 
Forest Management: 886.

Song M., He T., Chen H., Wang K., Li D. (2019): Dynamics 
of soil gross nitrogen transformations during post-agricul-
tural succession in a subtropical karst region. Geoderma, 
341: 1–9.

St-Denis A., Kneeshaw D., Belanger N., Simard S., Laforest-
Lapointe I., Messier C. (2017): Species-specific responses 
to forest soil inoculum in planted trees in an abandoned 
agricultural field. Applied Soil Ecology, 112: 1–10. 

Stukalyuk S.V., Radchenko A.G., Netsvetov M.V. (2019a): 
Ants (Hymenoptera, Formicidae) of Kyiv. Entomological 
Review, 99: 753–773.

Stukalyuk S.V., Radchenko V.G. (2011): Structure of multi-
species ant assemblages (Hymenoptera, Formicidae) in 
the Mountain Crimea. Entomological Review, 91: 15–36.

Stukalyuk S.V., Zhuravlev V.V., Netsvetov M.V., Kozyr M.S. 
(2019b): Effect of invasive species of herbaceous plants and 
associated aphids (Hemiptera, Sternorrhyncha: Aphididae) 
on the structure of ant assemblages (Hymenoptera, Formi-
cidae). Entomological Review, 99: 711–732.

Suleymanov R., Yaparov I., Saifullin I., Vildanov I., Shirokikh 
P., Suleymanov A., Komissarov M. (2020): The current state 
of abandoned lands in the northern foreststeppe zone at 
the Republic of Bashkortostan (Southern Ural, Russia). 
Spanish Journal of Soil Science, 10: 33–35.

Swedish Forest Agency (2014): Swedish Statistical Yearbook 
of Forestry. Jönköping, Swedish Forest Agency: 370. (in 
Swedish with English preface)

Valle Junior R.F., Siqueira H.E., Valera C.A., Oliveira C.F., 
Fernandes L.F.S., Moura J.P., Pacheco F.A.L. (2019): Diag-
nosis of degraded pastures using an improved NDVI-based 
remote sensing approach: an application to the environ-
mental protection area of Uberaba river basin (Minas 
Gerais, Brazil). Remote Sensing Applications: Society and 
Environment, 14: 20–33. 

Volkova I.N. (2018): Renewable natural resources of Russia: 
dynamics, factors and problems of reproduction in the 
post-Soviet period. In: Polarization of the Russian Space: 
Economic, Social, Cultural and Geographical Aspects. Vol. 
34. Session Materials of the Economic and Geographic 
Section of the International Academy of Regional Develop-
ment and Cooperation. Moscow, IP Matushkina I.I.: 20–31.

Zethof J.H.T., Cammeraat E.L.H., Nadal-Romero E. (2019): 
The enhancing effect of afforestation over secondary suc-
cession on soil quality under semiarid climate conditions. 
Science of the Total Environment, 652: 1090–1101. 

Received: July 2, 2020 
Accepted: September 14, 2020


