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Abstract. The article is devoted to the problem of restoration of cut down forests in the forest
area of coniferous-broad-leaved (mixed) forests of the centre of the European part of Russia.
Due to the intensive use of forest resources, in order to rationally plan their restoration,
there is a need for systematic assessment of the natural and artificial restoration of the main
forest-forming species. For areas with a developed network of transport routes, the problem
of deterioration of the species composition of forests, as well their qualitative condition
as a result of prolonged and intensive forest exploitation is currently increasing. This has
determined the purpose of the study, which has been carried out through a field survey of
undergrowth and forest planations of forest-forming species according to the methodology
by A.V. Pobedinsky and the standard methodology for undergrowth inventory. Young stands
of natural (undergrowth) and artificial (created by planting) origin in coniferous-broad-leaved
(mixed) forests of the European part of Russia after clear-cutting of trees have become the
object of the study. An analysis of the structre of production and demand (according to the
survey data) has shown that preference is given to harvesting birch (40 % of the volume cut
down). The results of comparing the growth characteristics of the younger generation of tree
species, taking into account the age and density of their growth, has allowed us to conclude
that the undergrowth adapts easier and faster mainly to the growing conditions B,, B;, C;, C,,
A,, A, and occasionally B,, compared to forest plantations. In many cases, spruce plantations
created by planting in the bottom of a furrow are completely destroyed (get soaked) or remain
in a volume that does not provide satisfactory reforestation. Cases of exposure of the root
system of spruce plantations at the age of 22, which have been created by planting in the
dump, have been revealed. Based on experimental data, it has been established that productive
young stands of natural origin are successfully formed in the forest area of coniferous-broad-
leaved (mixed) forests of the Yaroslavl, Moscow and Nizhny Novgorod Regions. Criteria
for the inventory of undergrowth and young growth of soft-wooded broad-leaved species
have been proposed. Proposals have been developed to improve the efficiency of reforestation
measures in forest-growing conditions corresponding to the A,, B,, C,, as well as in the A, B,
and C, conditions. The positive effect of raspberries on self-seeding of the main forest-forming
species has been noted. The self-sown plants in such areas is 1.0—1.5 thousand pcs/ha.
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Annomayusn. Ctarbs 1MocBsIIeHa po0ieMe BOCCTAaHOBIICHNUS BBIPYOOK Ha TEPPUTOPUH JIEC-
HOTO paiioHa XBOWHO-IIMPOKOIHCTBEHHBIX (CMEIIaHHBIX) JIECOB IIEHTPA EBPOICHCKON YacTH
Poccun. BcenencTBre MHTEHCHBHOTO HCIIOIB30BAHUS JIECHBIX PECYpPCOB, B IEISX PALHO-
HAJIPHOTO TUIAHWPOBAHUS UX BO30OHOBJIEHUSI BO3HUKAET HEOOXOIMMOCTb CHCTEMAaTHIECKOH
OLICHKH €CTECTBEHHOTO M HMCKYCCTBEHHOTO BOCCTAHOBJIICHHSI OCHOBHBIX JIECOOOPa3yIOIINX
nopox. s pailoHOB ¢ pa3BUTON CEThIO TPAHCHOPTHBIX NYTEH B HACTOALLEE BpEMsl BO3pac-
TaeT mpodiemMa yXyAlIeHHsI TOPOJHOTO COCTaBa JIECOB, a TAKKE MX KaYeCTBEHHOTO COCTOS-
HUSI B pe3yJIbTare JUINTEIbHON 1 MHTCHCUBHOM JIECOAKCILTYaTaAH. JTO U ONPEICIHIO ETb
HCCIIeJOBaHMs, KOTOPOE IPOBOAMIOCH IYTEM IIOJIEBOTO 00CIEIOBAHUS MOAPOCTA M JIECHBIX
KYIBTYp JIeco00pa3yIomux mopos cormacHo Metoanke A.B. [loGenuHCckoro u cTaHIapTHOH
MeToauKe yuera noapocra. OOBEKTOM HCCIIEOBaHMS SBISIOTCS MOJIOAHSIKH €CTECTBEHHOTO
1 MCKYCCTBEHHOTO (CO3/1aHHE JIECHBIX KYJIBTYpP ITyTE€M HUX MOCAIKH) IIPOUCXOXKICHNS B XBOH-
HO-IIMPOKOJIMCTBEHHBIX (CMEIIaHHBIX) JIecax eBpoNencKoil yacTi Poccuy mociie CrjIomHbIX
PpyOOK. AHanM3 CTPyKTyphI IPOU3BOACTBA U CTIPOca (COMIACHO OIPOCHBIM JIAHHBIM ) TIOKa3all,
YTO IpEINoYTeHUE OTaeTcs 3aroToBke 6epessl (40 % ot BeIpybaemoro oobema). Pe3ynbrars
CpaBHEHUsI 0COOCHHOCTEH pocTa MOJIOOTO OKOJICHHST IPEBECHBIX MOPOJI C yUETOM BO3PacTa
1 TYCTOTBI MX IIPOM3pACTaHMs MO3BOJIIN CIENaTh BBIBO, YTO ITOAPOCT Jerde u ObIcTpee
ajanTUpyeTcs MPerMYIIECTBEHHO K YCJIOBHAM npouspacranus B,, B, C,, C,, A,, A,, enu-
HUYHO — B,, 10 CpaBHEHUIO C JIECHBIMH KyJIbTypaMH. Bo MHOTHX cilydasix CO3aHHBIE ITyTEM
MTOCAJIKH B JHO OOPO3IIBI KYJABTYPHI €N MOJIHOCTHIO MTOTHOAIOT (BBIMOKAIOT) MIIA OCTAIOTCS B
o0beMe, He 00eCIeUNBaIOIIEM YOBIETBOPUTEIBHOE JIECOBOCCTAHOBICHHE. BEIABIECHSBI CITy-
Yay OTOJICHWS B BO3pacTe 22 JIET KOPHEBOW CHCTEMBI KYJIBTYpP €11, KOTOpbIe OBIIIM CO3/IaHbI
MocaKoi B 0TBajJ. Ha OCHOBaHMM SKCIIEPUMEHTAIBHBIX JaHHBIX YCTAHOBJIEHO, YTO HA Tep-
PUTOPHH JIECHOTO paliOHa XBOWHO-ITHPOKOIMCTBEHHBIX (CMEIIaHHBIX) JIECOB SIpocIaBCKoi,
MockoBckoif 1 Hmxeroponckoit obmacteil ycrmenrHo popMUpYIOTCS TPOTYKTUBHBIE MOJO/-
HSIKM €CTECTBEHHOT'O NMPOHMCXOXKICHNUS. [IpeyioxkeHsl KpUTepun ydeTa MoApocTa U MOJIOJI-
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HSIKa MSATKOJUCTBEHHBIX JIPCBECHBIX MOPOJ. Pa3paboTaHbl peKOMEHIAIMH 1O MOBBIIICHUIO
3((heKTUBHOCTH MEPOIPUSITHUI 110 JIECOBOCCTAHOBJICHUIO B JIECOPACTUTEIBHBIX yCIOBUAX B,
B,, C,, C;, A,, A;. OTMe4€HO MOJOKUTENBHOE BIUSHUE MAJIMHBI HA CAMOCEB OCHOBHBIX Jle-
coobpasyromux mopoj. KomudecTBo camoceBa Ha Takux ydacTkax coctasisier 1,0—1,5 Toic.
IIT./Ta.

Knioueeswvie cnoea: nonpoct, MoJJIECOK, JECHbIE KYIBTYPhl, €CTECTBEHHbIE MOJIOIHIKHU, BO3-
OOHOBJICHHE, JIECOPACTUTEIILHBIC 0COOCHHOCTH, XBOHHO-ITUPOKOJIIMCTBCHHBIC Jieca
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Introduction

Today, as a result of natural changes and anthropogenic impact, a significant
area covered with coniferous-small-leaved (mixed) forests has formed in the territory
of the coniferous-broad-leaved forests of the European part of the Russian Federation
(Yaroslavl, Moscow, Nizhny Novgorod Regions).

Such a change of formations can be considered a transitional stage in the
restoration of indigenous forest types that were subjected to clear-cutting in the middle
of the 20th century using a technology that does not provide for the preservation
of undergrowth and young stands of the main stand-forming species. This process
has been observed throughout the entire territory of the commercial forests of the
European part of Russia. The only difference is the protective forests, untouched by
logging in the post-war period. Therefore, a significant volume of annual clear-cutting
within the established yield logging site is carried out in plantations dominated by
silver birch (Betula pendula Roth) (hereinafter referred to as birch) and common
aspen (Populus tremula L.) (hereinafter referred to as aspen). The second tier of
the plantation is formed by Norway spruce (Picea abies (L.) H. Karst.) (hereinafter
referred to as spruce). Downy birch (Betula pubescens Ehrh.) [24] is found on soils
with excess moisture.

For example, in the territory of the forest fund of the Yaroslavl Region,
the volume of mature and overmature birch wood is 573.3 million ha (38.14 %
of the volume of all tree species), and aspen — 222.2 million ha (14.78 %).
A characteristic feature for the forests of this region is the presence of forest thinners
in the plantation (in the second tier, uniform distribution of the predominant spruce
species has been noted) with a trunk diameter at a height of 1.3 mup to16 cm and viable
undergrowth (the predominant species is spruce distributed unevenly, by groups) in
an amount of more than 1.5 thousand pieces per 1 ha in satisfactory condition.

The problem of increasing demand for wood is related to population growth
and infrastructure development [25]. An analysis of the structure of production
and demand for wood in the study area, according to the survey data, has shown
that preference is given to harvesting birch (40 % of the volume cut down). Aspen
wood is commonly affected by stem rot, but due to the significant areas with its
predominance, the volume of harvesting amounts to 45 % of the total volume of
logging. Spruce wood is of poor quality, the effective volume cut is 10-12 %. Scots
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pine (Pinus sylvestris L.) grows mainly in forest areas belonging to the protective
forest category. Sometimes it is cut as part of a mixed plantation, with the volume
of harvesting typically accounting for 2—5 % of the total volume of the felled stand.

Analysis of statistical reporting data on the use of wood in the study area has
shown that pine (the yield of industrial wood is 80 %) and birch (the yield of industrial
wood is up to 90 %) have the highest productivity.

Currently, in the prevailing forest and economic conditions, birch is quite
consistent with economic goals. According to the approved Forestry Regulations,
which govern activities in the study area, birch is designated as a forest-forming
species. However, the Rules for reforestation, form, composition, procedure for
approving a reforestation project, grounds for refusing refusal to approve it, as well as
requirements for the format of the reforestation project in electronic form, approved
by Order of the Ministry of Natural Resources of the Russian Federation dated
12/29/2021 no. 1024, provide for signs that characterize viable undergrowth of only
coniferous and hardwood species. The conversion coefficient of small and medium-
sized undergrowth into large is determined without taking into account the distinctive
features of softwood species. Undergrowth is classified similarly for all tree species
according to height, density and distribution over area.

The plantation consists of various components, a change in even one of them
leads to a violation of the natural ecological balance. An important unit that makes
up a forest phytocenosis is the undergrowth, which reacts to new environmental
conditions, for example, after clear-cutting [15, 19, 20, 26].

The urgent task of the development of the forestry sector of Russia is to increase
forest productivity, preserve and restore forest biodiversity [2, 5, 16, 17, 19, 23, 28].
At the same time, it is important to establish a rational relationship between artificial
and natural reforestation [6, 7, 11, 18, 21, 26].

In this regard, the aim of the study is to assess the growth rates of natural
and artificial restoration of forest-forming species in the coniferous-broad-leaved
forest area of the central European part of Russia, as well as other components of the
plantation, to determine the most effective method of reforestation and the criteria for
softwood undergrowth inventory.

Research Objects and Methods

The object of the study is young stands of natural (undergrowth) and artificial
(created by planting) origin in coniferous-broad-leaved (mixed) forests of the
European part of Russia after clear-cutting of trees.

To achieve the aim, research has been conducted on forest plots with measures
taken to promote natural forest regeneration and forest plantations created according
to the methodology by A.V. Pobedinsky [13] and the standard methodology for
undergrowth inventory.

Plots of 10 m? have been laid out at the same distance from each other on the
tapes of the layout placed every 50 m. The number of plots has been determined
depending on the square of the forest site being surveyed (from 30 to 100 plots
in each site). A total of 378 cuttings have been surveyed, ranging in age from 1
to 22 years.

The height, diameter, density of undergrowth and forest plantations of forest-
forming species have been measured. Additionally, clear-cut areas up to 50 years old
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have been studied to determine the dynamics of the density of the younger generation
of the main forest-forming species. An assessment has been made of their distribution
over the area of the surveyed sites (according to their occurrence in the registration
sites), the completeness of their placement, the degree of soil mineralization and its
sodding.

The experimental data obtained have been systematized and combined into
homogeneous groups.

Taking into account the self-evident knowledge about the dependence of the
growth of forest crops and undergrowth on forest-growing conditions, the species
composition of the underwood [4] and living ground cover has been studied.

The density of tree species placement has been determined by the ratio of the
sum of the crown projection areas to the area of the site.

The living ground cover has been studied by the method of quadrat sampling
(of 1 m?). Within the sample, raunkiaers (1 x 1 m) have been laid out diagonally
at equal distances, on which the entire species composition has been recorded and
the coverage, occurrence, abundance, and viability have been determined. The
projective covering of a particular species and tier has been considered. The ratio of
the projection of the above-ground parts of plants to the total area of the sample plot,
taken as 100 %, has been visually taken into account.

In order to determine the difference between the experimental data obtained
and the entire general population, the non-sampling error has been calculated and the
confidence limits of relative values have been determined [10]. Taking into account
the sample size of the experimental data, the kurtosis index (e) has been calculated,
indicating the deviation of the distribution from the normal one [3].

To determine statistical relationships, correlation analysis has been carried
out as a method of processing statistical data. The correlation coefficients between
the density of the preserved undergrowth and young stands and the volume of tree
crowns, as well as the age of the clear-cut area, have been studied. The coefficient
of determination for the equation describing these relationships has been found
in order to determine the magnitude of the change in the resultant feature under
the influence of a factorial one (the closer its value is to one, the stronger the
dependence).

Results and Discussion

Grouped data on the age, height, diameter, and density of spruce, pine, birch,
and aspen undergrowth are presented in Table 1.

Table 1
The grouped data on the spruce, pine, birch and aspen undergrowth
Species Age, years Height, m Diameter, cm Placement density
5 0.8 0.5 0.6
6 1.0 0.8 0.6
7 1.4 0.9 0.7
Spruce
8 1.8 1.0 0.8
9 2.2 2.0 0.8
10 2.7 2.5 0.7
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The end of Table 1

Species Age, years Height, m Diameter, cm Placement density
15 33 3.0 0.7
Spruce
18 4.0 4.0 0.7
5 1.0 1.0 0.5
6 1.3 2.0 0.5
7 1.8 2.0 0.6
. 8 23 2.5 0.7
Pine
9 2.7 2.5 0.7
10 3.0 3.0 0.8
15 5.0 4.0 0.8
18 6.0 5.0 0.8
5 1.3 1.0 0.6
6 1.5 1.0 0.6
7 2.0 2.0 0.7
. 8 2.6 2.0 0.8
Birch
9 32 3.0 0.8
10 3.7 4.0 0.7
15 6.0 6.0 0.7
18 8.0 7.0 0.7
5 2.0 1.0 0.6
6 23 L5 0.7
7 2.6 2.0 0.7
8 3.0 2.0 0.8
Aspen
9 35 2.5 0.8
10 4.0 2.5 0.8
15 6.5 4.0 0.7
18 9.0 5.0 0.7

The growth and productivity of plantations depend on the forest vegetation
characteristics of the site where they grow [8, 9, 18]. Of all the inventory indicators
characterizing the productivity of the plantation and at the same time reflecting its
relationship with the quality of growing conditions, the height at a certain age is the
most important. The greater it is, the better the growing conditions and the higher the
productivity of the plantation.

During the study, it has been established that at the undergrowth stage,
the parameters characterizing the productivity of the stand at the same age have
significant differences in growth rates (from 0.6 to 49.0 cm in height and from 0.5 to
1.7 cm in diameter) and correspond to intermediate values between the 2nd (high) and
3rd (medium) quality classes.

The study found that natural young stands are formed from undergrowth of
different age, which contributes to the preservation of the forest environment within
the swaths. At the same time, undergrowth species are also developing with bird
cherry (Prunus padus L.), black alder (Alnus glutinosa (L.) Gaertn.), rowan (Sorbus
aucuparia L.) and goat willow (Salix caprea L.) predominating. Shrubs are actively
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growing such as red raspberry (Rubus idaeus L.), fly honeysuckle (Lonicera
xylosteum L.), black currant (Ribes nigrum L.) and alder buckthorn (Frangula
alnus Mill.). In the swaths, the living ground cover is represented by forest species
of herbaceous vegetation (up to 90 % of the projective covering). And only on
the trails do meadow species of herbaceous vegetation predominantly grow (70—
100 %). It should be noted that the condition of the trails varies not only in terms
of the projective covering of herbaceous vegetation, but also in the presence of tree
and shrub species.

It should also be noted that in the first year after clear-cutting, the undergrowth
and young stands of coniferous trees preserved in the swaths are exposed to the
effects of increased solar radiation due to the removal of the stand in one go, causing
a sharp change in environmental conditions. The study found that the undergrowth
and young stands left in the swaths, seemingly unviable at first glance, adapt within
2 years after clear-cutting. Subsequently, a forest area is formed from undergrowth
of different ages, passing into the stage of natural young growth at the age of 5
to 40 years. Its density increases due to the growth of new individuals. Fig. 1 shows
the relationship between the density of undergrowth and young stands of coniferous
tree species and the age of the cutting.

)/.::0,007x2 +0.370x + 1.582

Fig. 1. The ratio of the density | 8

of undergrowth and young stands

of  coniferous forest-forming

species of natural origin from
the age of the cutting

Density, thsd/ha
O = N WA WO 0 \O
1

Age after cutting, years

Fig. 1 shows that the density of undergrowth of coniferous tree species
increases every year to the age of 23-25 years, gradually passing into the stage of
young growth. A negative kurtosis index indicates the heterogeneity of the plantation
and the absence of competition until the specified age. Then the density of the young
stands decreases and during the formation of an adult plantation, depending on the
forest vegetation characteristics of each plot and tree species, it stabilizes.

The results of inventory and measurements of undergrowth and young stands
of forest-forming species have shown that the density of softwood species exceeds
the density of coniferous by 1.6-2.5 times. The largest number of specimens per 1
ha has been noted at a height of up to 1.5 m. Later, as a result of natural thinning, the
density of birch and aspen forests decreases.

The relationship between the density of undergrowth and young stands and
the age of the cutting can be described by a square polynomial. The coefficient of
determination (R2 = 0.85) indicates that with a change in the age of the cutting, in
85 % of cases there will be a corresponding change in the density of undergrowth and
young stands of forest-forming species.

During the examination of forest areas, it has been established that large young
trees (age class 2) and groups of middle-aged trees (age classes 3—4), as well as
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seed trees, are preserved during the clear-cutting, the adaptation of the preserved
undergrowth is accelerated and the effectiveness of measures to promote natural
reforestation increases (Fig. 2).

1T

Fig. 2. The condition of undergrowth

and young stands in the swaths after clear-

cutting with partially preserved young trees
of age classes 1 and 2

The figure shows a viable young plantation that has recovered within 1-2 years
after clear-cutting. It has been established that natural young stands in the swaths
have a crown density from 0.4 to 0.7 already in the first year after clear-cutting.
In the future, its value increases. The forest herbaceous vegetation is preserved,
contributing to a faster restoration of the original forest type than in the areas with
artificially created forest plantations. The overgrowth with herbaceous vegetation in
the first years after its creation, caused by a sharp change in the ecological situation,
contributes to their strong suppression and often death.

It has been noted that in the forest plantation areas the projective covering of
the rush is 85-100 %. This indicates a high level of soil moisture. A characteristic
feature of the study area is a hill-and-plain relief. After cutting, a type of clear-
cut area is formed with a characteristic excessive moisture, a feature of which is
currently water stagnation. With excessive moisture, the process of waterlogging
develops. According to a preliminary assessment, which requires further research,
this is due to a decrease in the rate of water exchange in river systems, a decrease
in solid runoff, and a change in climatic conditions as a result of the creation of
a number of reservoirs on the rivers of the European part of the Russian Plain.
In addition, many rivers are characterized by snow feeding with a significant
proportion of rain and groundwater [22].

The analysis of the taxation characteristics of the studied forest areas and
experimental data have shown that mesohygrophilic and hygrophilic soils (B,, C;, B,,
C,) predominate over more than 60 % of the territory of the study area [14]. In many
cases, spruce plantations created by planting in the bottom of a furrow are completely
destroyed (get soaked) or remain in a volume barely exceeding the threshold value.
Their subsequent addition does not produce the desired effect. The most effective
way of to create, as shown by many years of practice, is planting into a dump (on
micro-elevations of the created furrows). The loss of seedlings has been noted within
the normal range, the number of viable seedlings is 2.0 thousand pieces per 1 ha or
more. However, in the course of the study, the facts have been established of the
exposure of the root system of spruce plantations by the age of 22 years as a result
of soil leaching from the micro-elevations (Fig. 3). This has a negative effect on the
condition of the plantations. Cracks form, rot develops, and wood marketability is
significantly reduced.
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Fig. 3. The 22-year-old spruce plantations
(planted in a furrow dump)

During the current stage of the study, an assessment of the state of forest
plantations has been carried out. Table 2 presents the grouped data on measurements
by age, height, diameter, and density of the spruce and pine plantations.

Table 2
The grouped data on growth rates of the spruce and pine plantations
Species Age, years Height, m Diameter, cm Placement density
5 0.7 0.5 0.6
6 0.9 0.8 0.6
7 1.1 0.9 0.7
Spruce 8 1.5 1.0 0.8
9 1.8 2.0 0.8
10 2.7 2.0 0.7
15 3.1 2.5 0.7
18 3.7 3.0 0.7
5 0.8 1.0 0.4
6 1.1 1.5 0.4
7 1.5 1.5 0.5
8 1.8 2.0 0.5
Pine
9 2.1 2.0 0.6
10 2.5 2.0 0.6
15 4.0 3.0 0.7
18 5.0 4.0 0.7

The analysis of the presented data has shown that the pine and spruce plantations
have a lower height than the undergrowth of these species. Based on a full-scale
survey of the cuttings, it has been revealed that the forest plantations created in the
study area are represented by the spruce species in almost 100 % of cases. At the
same time, the pine plantations take root and develop more efficiently than the spruce
ones, but are subject to mass destruction by wild ungulates [1, 12].
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Based on the measurements of the plantations and the young stands of natural
origin formed at the same time, a graph of the ratio of the height with the age of the
cutting has been plotted (Fig. 4).
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Fig. 4. The ratio of the height of pine and spruce plantations,
as well as the simultaneously formed pine, spruce, birch and aspen
undergrowth with the age of the cutting

The undergrowth adapts easier and faster mainly to the growing conditions
B,. B;, C,, C,, A,, A,, and occasionally B,. As can be seen in Fig. 4, the height of
deciduous stand-forming species exceeds the height of natural coniferous young
stands by 1.2-1.9 times, and that of coniferous species plantations — by 1.5—
2.8 times. This indicates that the undergrowth of coniferous species is negatively
affected by the deciduous to a lesser extent than the forest plantations. The formation
of a mixed stand with equal participation of both deciduous and coniferous species
is observed.

During the field study, it has been established that the density of aspen placement
is higher than that of the young birch trees and spruce and pine plantations (Fig. 5).
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Fig. 5. The ratio of the placement density of spruce

and pine plantations, as well as the formed birch and aspen
undergrowth with the age of the cutting

The advantage of aspen in terms of placement density and height relative
to the artificially created plantations contributes to the suppression of the latter.
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As a result, the areas of forest plantations require agrotechnical tending and timely
liberation cutting.

However, with an increase in the age of viable undergrowth, the density of
their placement begins to equalize.

In the young stands of natural origin, it has been established that aspen has no
significant advantage and does not suppress other forest-forming species (Fig. 6).
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Fig. 6. The ratio of the placement density of spruce, pine, birch
and aspen undergrowth with their age

Fig. 6 shows that the density of undergrowth of all tree species is close in
value. By the age of 10—12 years after cutting, it reaches its maximum level, and then
decreases and stabilizes at the level of 0.7. At the same time, the placement density of
coniferous undergrowth increases.

The study took into account the accompanying undergrowth species. They
perform an important silvicultural role and contribute to increasing the stability of
the younger generation of forest-forming species: they provide the necessary shading
from the intense influx of solar radiation (the optimal placement density or crown
density of 0.5-0.6) and prevent soil sodding by shading light-requiring meadow
herbaceous species. Their number per 1 ha during the years of adaptation of natural
young stands after clear-cutting does not exceed 1,000 pcs/ha.

It has been noted that the density of forest plantations increases due to the
natural renewal of forest-forming species in the rows and inter-row spaces.

The study has established a positive effect of raspberries on the degree of
preservation of the forest environment on the skidding trails (Fig. 7): the multi-
tier nature of the living ground cover is preserved — green mosses (Orthotrichums
sp., Leucodon sciuroides, Pylaisiella polyantha, Hylocomium splendens (Hedw.)
Bruchetal) grow at the lower tier with a 60 % projective covering, false lily
(Maianthemum bifolium (L.) F.W. Schmidt) and wood-sorrel (Oxalis acetosella L.)
with an even projective covering of up to 35 %; above them there is a tier of wood
horsetail Equisetum sylvaticum L. (15 %), addersmeat Stellaria holostea L. (10 %),
male fern Dryopteris filix-mas (L.) Schott (10 %), fireweed Epilobium angustifolium L.
(10-15 %), European blueberry Vaccinium myrtillus L. (distributed unevenly by
groups, with 40 % covering).
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Fig. 7. Skidding trail: a — overgrown with raspberry; b — formed living
ground cover of forest herbaceous plants formed on the skidding trail
under the raspberry canopy

Raspberries provide shading of the soil surface, inhibiting the development
of meadow herbaceous plants, and also prevents the burning out of forest species
of herbaceous vegetation, preventing the soil from sodding. This helps to accelerate
the formation of favourable conditions for the growth of self-seedlings in the areas
without undergrowth.

The amount of self-seeded plants in such plots is 1,000-1,500 pcs/ha. Self-
seeding is represented by 30 % spruce, 20 % pine, 25 % birch and 25 % aspen.
Its species composition and percentage ratio of the included species depend on the
growing plantation directly adjacent to the cutting.

Conclusion

In the coniferous-broad-leaved forest areas of the European part of Russia,
young stands of natural origin are formed in the cuttings with the preserved mixed
undergrowth, forming independent allotments with a completeness of 0.4—0.7. Large
undergrowth adapted in the first 2 years after clear-cutting in the swaths, shading the
lower tiers, prevents the regeneration of aspen and birch.

In the forest-growing conditions corresponding to A,, B,, C, and, if necessary,
in the conditions A, B;, C,, reforestation should be carried out by preserving the
undergrowth, leaving it in the swaths.

Taking into account the growth rates of pine and birch, in order to increase the
effectiveness of reforestation measures it is advisable:

to increase the percentage of pine participation in the creation of forest
plantations and implement their fencing;

in cuttings with a predominance of birch undergrowth, measures should be
taken to promote the natural forest regeneration with subsequent care of the plantation
in order to form merchantable birch wood.

Taking into account the demand for birch wood in the current economic
conditions, it can be argued that it is the main (target) tree species and to assess
the effectiveness of promoting natural reforestation, it must be taken into account
together with coniferous and hardwood forest-forming species.

On the basis of experimental data on the height of undergrowth of soft-
wooded undergrowth, it is advisable to distinguish three categories of its size: small —



Lesnoy Zhurnal = Russian Forestry Journal. 2024. No. 6 145

up to 1.5 m, medium — from 1.6 m to 3.0 m and large — over 3.1 m (up to a height not
exceeding 1/4 of the height of the trees in the main canopy). According to the density,
the undergrowth of soft-wooded species can be divided into four density categories:
sparse — up to 5,000, medium density — from 5,000 to 15,000, dense — from 15,000
to 20,000 and very dense — more than 20,000 plants per 1 ha.
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