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ABSTRACT

Thinning of young forests attracts the attention of scientists despite the long-term commercial effect. However, these 
researches are scarce. Therefore, it is important to study experiments with a long history. The aim of our study is to 
investigate the impact of thinning carried out in young pine/birch boreal forests on stand formation, natural regenera-
tion, ground cover and properties of the soil layers in stands.

We investigated three types of thinning in young pine/birch forests. In one plot of the initial stand, thinning was 
performed in two stages with a time interval of 27 years; in the first stage, thinning intensity was 75% of stems, while 
in the second stage, thinning intensity was 30%. In two other plots, thinning was performed in one stage at a stand 
age of 13 years, with thinning intensities of 76 and 84%. At the stand age of 72 years (2017), integrated studies of the 
silvicultural and ecological states were carried out.

All thinned plots had developed into pure pine stands with 28–53% thicker stems, 12–18% higher trees and 
a growing stock 55–92% higher compared to the un-thinned reference stand. The most pronounced differences were 
observed for Option 1. With thinning, forest type changed to red whortleberry type, while the un-thinned reference 
site developed into a blueberry type forest.

Thinning in young pine/birch stands results in the formation of pure pine stands. The associated modification of 
environmental properties changed the composition and density of the ground cover and some properties of the upper 
soil layers. Two-stage thinning had the least impacts; this approach can be used to produce stands with high com-
mercial value. It is especially recommended for young pine/birch forests in the northern taiga.
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INTRODUCTION

To determine the impacts of thinning on stand growth 
and formation, it is necessary to carry out long-term 
experiments, as the use of short-term thinning tests of-
ten results in contradictive conclusions and unreliable 
results (Yuodvalkis et al. 1988). In the European north 
of Russia, such large-scale research plots have been es-
tablished by the Northern Forestry Research Institute 
(Сhibisov et al. 2004, 2007, 2011). 

Thinning of forests for wood production is of in-
creasing economic significance in Russia and around 
the world (Trubin et al. 2000; Emmingham 2010). 
However, there is no consensus on stand productivity 
increase as a result of thinning, although several stud-
ies have shown increase in diameter, height, crop size 
and other stand properties’ improvement as the results 
of thinning (Sennov 1977, 1984; Chibisov et al. 2004, 
2011; Belyaeva 2010; Mäkinen 2004; Del Rio et al. 
2008, 2017). Previous studies have shown that thin-
ning has positive effects on stand resistance to adverse 
weather and biological conditions, reduces mortality, 
improves stand formation and composition, increases 
productivity per area unit and accelerates tree growth 
(Davydov 1971; Lositsky and Chuenkov 1980; Hilt and 
Dale 1989; Boncina et al. 2007).

Thinning also has an impact on the lower forest 
layers (natural regeneration, species composition, veg-
etation abundance in the ground cover, topsoil layers). 
In the southern taiga, changes in the upper soil layer 
properties, in particular in terms of thickness, humus 
content, soil reaction, have been observed, with various 
impacts on the forest stands (Sennov 1977, 1984).

The modification of lower forest layers, as a result of 
thinning, has been studied widely (Burova and Feklistov 
2007; Feklistov and Torbik 2011; Levkovskaya and Sar-
natsky 2013; Solgi et al. 2015; Cambi et al. 2015; Naghdi 
et al. 2016; Dymov 2017). However, such studies mainly 
investigated the strip thinning carried out with heavy 
equipment, and several studies have focused on soil 
compaction and tracks as a result of forest management 
(Murphy et al. 2004; Page-Dumroese et al. 2009).

The positive value of thinning in young stands for 
the dynamics and tree quality was noted by Rytter and 
Werner (2007), Swift et al. (2016) and J. Novàk et al. 
(2017). Thinning may also increase stand biodiversity 
and ecosystem service values (Ahnlund and Ulvcrona 

et al. 2017), but reduce carbon stocks (D’Amore et al. 
2015). According to Cameron (2002), non-commercial 
early thinning is a long-term investment in the quality 
and quantity of forest stands without loss of their sur-
vivability, therefore representing a practical approach. 
Thinning in young stands is important for early forestry 
(Rytter and Werner 2007) and cause intensive farming 
(Marcovskii and Rodionov 2018). In this sense, it is im-
portant to not only investigate the commercial poten-
tial of thinning, but to also assess its compliance with 
silvicultural and ecological requirements, follow-on 
reforestation opportunities and stand stability. In this 
context, the aim of our study is to investigate the im-
pact of thinning carried out in young pine/birch boreal 
forests on stand formation, natural regeneration, ground 
cover and properties of the topsoil layers in stands in the 
northern taiga subzone. 

MATERIAL AND METHODS

The study was carried out in permanent experimental 
sites established in 1959 by the Arkhangelsk Forests and 
Forest Chemistry Institute (now – Northern Forestry 
Research Institute) at the Northern Country Forest Divi-
sion of the Obozersk Forest Division in the Arkhangelsk 
Region. The study area is located in the boreal forest 
(northern taiga subzone: 63°28’46.8”N; 40°19’52.9”E) 
(Fig. 1). In young pine/birch forests (13 years old) of 
the blueberry/red whortleberry type with a 60% pine 
and 40% birch and sporadic aspens composition, dif-
ferent types of thinning were performed. 13-year initial 
planting was represented by pine-birch young stand of 
blueberry-cowberry forest type. In the year of thinning, 
the height of pine was 2.9 m, diameter 1.5 cm, number 
of trees per 1 ha – 3480, for birch – 2.4 m, 1.2 cm and 
1070 trees, respectively. Thinning was carried out using 
no strip cutting method with foliage tree removal.

In one part of the initial forest stand (Option 1), 
thinning was performed in two stages with a time inter-
val of 27 years; in the first stage, the thinning rate was 
75% of total trees (1,680 trees per 1 ha remained), while 
in the second stage, a thinning rate of 30% was adopted. 
At present, this site contains 837 trees per 1 ha. In the 
other sites (Options 2 and 3), thinning was carried out 
in one stage. Stand age was 13 years, with thinning rates 
of 76% and 84%, respectively (1,040 and 744 trees, re-
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spectively, remained). Forest densities are currently 894 
and 596 trees/ha, respectively. 

In the thinning of the 13-year-old stand, foliage 
trees were first cut with an axe and left in the site. In 
the 40-year-old stand, stunted trees were selected and 
cut using a chain saw; the lops and tops were cut and 
left in the site. Stands (total 41 m3/ha) were bucked and 
prepared for use as firewood. 

As reference, non-thinned stands were used, with 
naturally formed pine/birch communities (80% pine, 
20% birch). In each site, we established a plot of 0.25 ha. 
Soil type was Folic Albic Podzol (Arenic). To investi-
gate the thinning of 72-year-old stands (2017), integrat-
ed examination of their silvicultural and environmental 
states was carried out.

In each experimental plot, tree diameter at a breast 
height was measured for all trees. Average tree height 
was determined with the help of a height chart. For this 
purpose, the heights of 12–15 trees with different taxa-
tional diameters were measured with an accuracy of 
0.1 m. For standing crop calculation, volume tables gen-

erally accepted for the study region were used (Forest 
Mensuration Handbook 2012). Average annual height 
and diameter growth as well as stock addition were also 
calculated. Comparison of tree quantities by diameter 
was performed using natural diameter classes; for this 
purpose, tree diameter was expressed in percentage of 
average stand diameter.

To account for natural regeneration (undergrowth 
and brushwood), in the centre of each experimental site, 
20 control plots of 2 × 2 m were established. Undergrowth 
inventory was performed in terms of species, size and vi-
tality determination. The understorey was divided into 
small (height by 0.5 m), intermediate (0.6–1.5 m height) 
and large (> 1.5 m height, by 6 cm diameter on height of 
1.3 m) as well as into vital, non-vital and dead.

In each experimental site, the living ground cover 
was investigated in 20 subplots of 1 x 1 m. Species com-
position, projective cover degree, average, phenological 
stage, vitality, comprising grass/dwarf shrub and moss/
lichen layers were determined. Vascular plants were 
identified after S.K. Cherepanov (1995).

Figure 1. Location of the studied area (Archangelsk, Northern Russia) with specified experimental (1, 2, 3) and reference (R) 
option
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To investigate the soil, within each experimental 
site, 30 small trenches were laid out in the space be-
tween the tree tops (120 in total). The forest floor (O) 
was sampled using a sample frame (100 cm2); sample 
thickness was measured from four sides with an accura-
cy of 1 cm. The average thickness of the E horizon was 
measured, and soil samples were taken using a metal 
soil-sample barrel for the determination of soil density 
of the O and E horizons. In the O horizon, bone-dry 
humidity (t/ha) was determined.

Mobile phosphorus and potassium compounds, 
actual acidity and exchange acidity (by KCl extract) 
were determined using a potentiometer. Losses on in-
cineration at 800°C and soil organic carbon content 
(%) in the E horizon were determined using a gener-
ally accepted method. All analyses were performed in 
duplicate.

The permutation test was used to determine the 
significance of differences between the mean values for 
soil parameters. Jaccard index (Eq. 1) was used to com-
pare the similarity of biodiversity of sample sets. Data 
analysis was conducted using R 3.4.2 (R Core Team 
2017) and the library «vegan» package (Oksanen et al. 

2013). The Jaccard (Rosenberg 2012) index was calcu-
lated as follows:

 J (A, B) = С / (A + B – C) (1)

where: 
A, B  – number of species in Options А and В; 
С  – number of species in Options А and В in total.

RESULTS

Forest stand. Taxational parameters of forest stands are 
given in Table 1.

Thinning in young forests results in significant 
benefits due to a higher pine tree diameter, increased 
growth rates and a higher stock volume. At a stand 
age of 72 years, in all the options of pine/birch forests 
thinned when young, pine tree diameter was 23%–53%, 
height 12%–18% and standing crop 55%–92% higher 
than in reference forest stands. The most evident differ-
ences were observed for Option 1, where thinning was 
performed in two stages. The standing crop was about 
2 times higher than that of the reference stands.  

Table 1. Stand description and taxational parameters by test options
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Note: 1 – for Option 1 at the age of 40 years, cut % of volume; 2 – in numerator – relative pine volume, in denominator – relative total volume of 
reference stand; 3 – in numerator – below average, in denominator – over average value; P – pine-tree (Pinus sylvestris (L.), B – birch-tree (Betula 
pendula (Roth), DBH – diameter at breast height, H – height. 
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In the reference forest stand, stand composition 
(80% pine, 20% birch) was optimal in terms of benefits 
for forestry; however, the productivity of this stand was 
significantly lower than that of pure pine stands formed 
as a result of improvement cutting, making this stand 
less economically viable.

Pine-tree stem distribution in terms of diameter in 
thinned forest stands differed from that of the reference 
forest stand. Differences were observed for distribution 
uniformity (Fig. 2), with a higher number of large trees 
(above average diameter). As a result of the two-stage 
thinning (Option 1), dextrality in stem distribution by 
diameter class was observed, with maximum tree num-
ber registered in Сlass 1 (1.0) and a distribution series 
reduction of 0.6 to 1.4. In Option 3 (single intensive cut-
ting of 84% of trees), stem distribution was symmetric, 
and the natural thickness variation range was narrow at 
higher excess value. Maximum stem number was regis-
tered in Class 1.0.

In natural forest stands and in the experimental 
plots, the understorey was dominated by Picea obovata 
(Karst.). An undergrowth of Pinus sylvestris (L.) (the 
main crown cover species) was only present in options 
with one-stage cutting of 76% and 84% of young trees. 
Thinning results in forest cleaning, and subsequently, in 
aspen and occasional larch-tree undergrowth develop-
ment (Tab. 2).

The amounts of coniferous species in the under-
growth only slightly varied and ranged from 2.9 to 3.8 
thousand trees/ha. According to the Regulations on Re-
forestation in the Northern Taiga of the European Part 
of the Russian Federation, large-sized undergrowth 
consists of 1.2 to 2.8 thousand trees/ha. In the reference 
forest stand and in Options 1 and 3, spruce and pine un-
dergrowth ensured natural regeneration after thinning, 
provided that harvesting techniques with undergrowth 
protection are used. Permutation test showed no thin-
ning effect on the undergrowth of naturally regenerated 
forest sites (p = 0.48). 

In all experimental plots, small (0.5 m high) viable 
undergrowth was present, mainly consisting of the spe-
cies Salix caprea L., Rosa acicularis Lindl., Sorbus au-
cuparia L.; in the reference plot, Juniperus communis L. 
(1,375 trees/ha) occurred. Undergrowth species were 
distributed non-uniformly across the plot, unviable and 
bone-dry undergrowth occurred occasionally. The great-
est amount and species diversity of undergrowth was ob-
served in the reference stand with 6,125 trees/ha. Under-
growth was mostly represented by Rosa acicularis and 
Sorbus aucuparia and occurred in numbers of 500–3,000 
trees/ha in the experimental stands. Two-stage thinning 
resulted in up to 3,000 trees/ha in the understorey.

Live ground cover is an integrated part of the for-
est biocenosis and characterizes the forest site, directly 
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Figure 2. Pine tree stem distribution by natural diameter classes

Table 2. Number of viable undergrowth species (trees/ha) of all size classes in the experimental plots and the reference plot

Option P
S

L B As
Total

Composition
Tr./ha %* Tr./ha %*

Option 1 0 3750 131 0 2125 500 6375 189 6S3B1As
Option 2 250 1625 57 0 250 375 2500 74 7S1P1B1As
Option 3 125 3125 108 125 500 750 4500 133 7S1B2As + P + L
Reference 0 2875 100 0 500 0 3375 100 9S1B

* – value relatively to the reference; P – pine, S – spruce, L – larch, B – birch, As – aspen.
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impacts soil formation processes and provides natural 
regeneration of the main tree species.

The initial forest type in our study was the blue-
berry/red whortleberry type. As a result of forest thin-
ning via improvement cutting, the forest type gradually 
changed to the pine-tree/red whortleberry type, while in 

the reference plot, a blueberry type forest was formed. 
With forest stand thinning, the red whortleberry pro-
jective cover increased, while the blueberry protective 
cover decreased (Fig. 3).

The main species making up the ground cover were 
similar for all options (Tab. 3). However, in the thinned 

Table 3. Projective cover and occurrence of ground cover species in the different options 

Species
Option 1 Option 2 Option 3 Reference

PC O PC O PC O PC O
Dwarf shrub

Vaccinium vitis-idaea L. 47.6/168* 100 39.5/139 100 57.3/202 100 28.4/100 100
Vaccinium uliginosum L. 0.05/– 5 – – 0.05/– 5 – –
Vaccinium myrtillus L. 35.9/60 100 26.5/44 100 24.4/47 100 60.0/100 100

Herb species
Ledum polustre L. – – – – – – – –
Cirsium heterophyllum (L.) Hill – – – – 0.05/– 5 – –
Calluna vulgaris (L.) Hill 2.2/– 5 – – – – – –
Empetrum nigrum L. 2.2/– 30 0.3/– 10 3.7/– 45 – –
Pyrola rotundifolia L. – – – – 0.3/– 5 – –
Solidago virgaurea L. 0.2/18 15 0.2/18 10 0.05/5 5 1.1/100 60
Сhamaenerion angustifolium (L.) Hill 0.7/140 40 0.5/100 40 0.9/180 65 0.5/100 40
Antennaria dioica (L.) Gaertn. – – 0.3/– 5 0.1/– 5 – –
Linnae aborealis L. 1.0/48 5 5.8/276 20 – – 2.1/100 15
Majanthemum bifolium (L.) F.W. Schmidt – – – – – – 0.2/100 10
Carex sylvaticaHuds. – – 0.3/– 20 1.7/– 30 – –
Lycopodium annotinum L. 3.6/– 30 9.9/– 60 7.5/– 65 – –
Lycopodium complanatum L. 5.3/– 40 9.5/– 55 4.0/– 30 – –
Trientalis europaea L. – – 0.05/8 5 – – 0.6/100 20
Lathyrus vernus (L.) Bernh. 0.05/– 5 – – – – – –
Deschampsia cespitosa L. 3.3/46 40 6.6/92 75 0.3/4 15 7.2/100 85
Hieracium murorum L. – – – – 0.3/150 25 0.2/100 10
Orchis maculate L. – – 1.0/250 15 – – 0.4/100 25

Mosses and lichens
Cetraria islandica (L.) Ach. – – 0.1/– 10 – – – –
Cladonia alpestris (L.) Rabenh – – 0.1/– 10 0.1/– 5 – –
Cladonia rangiferina (L.) F.H.Wigg. – – 3.5/– 70 2.4/– 65 – –
Dicranum polysetum Sw. 12.0/73 90 17.7/107 95 29.1/176 95 16.5/100 95
Phytidiadelphus triguetrus (Hedw.) Warnst. 4.3/42 45 3.9/41 30 2.6/27 35 9.5/100 65
Pleurozium schreberi (Willd. ex Brid.) Mitt. 72.5/147 100 67.7/137 100 58.5/119 100 49.3/100 100
Polytrichum commune Hedw. 1.3/37 10 2.1/60 50 1.0/29 40 3.5/100 60
Ptilium-crista-castrensis Hedw. 10.0/435 35 5.0/217 50 6.4/278 40 2.3/100 65

* – in % to reference; PC – projective cover in %, O – occurrence in %. 
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forest stands, new plant species appeared, for example, 
Calluna vulgaris (L.) Hill, Lycopodium annotinum L.; 
Lycopodium complanatum L.; Lathyrusvernus (L.) 
Bernh. At the same time, in comparison with the refer-
ence forest stand, the projective cover the grass/dwarf 
shrub storey, with species such as Solidago virgau-
rea L., Trientalis europaea L., Deschampsia cespito-
sa L. was reduced, and some species disappeared (Ma-
janthemum bifolium (L.) F.W. Schmidt).

In the moss/lichen storey, the modifications were 
less pronounced. In all the thinned experimental plots, 
the projective cover of moss species such as Phytidi-
adelphus triguetrus (Hedw.) Warnst. and Polytrichum 
commune Hedw. was reduced, while the species Ptili-
um crista-castrensis Hedw. and Pleurozium schreberi 
(Willd. exBrid.) Mitt. were increased in comparison 
with the reference forest stand.

As a result of improvement cutting via single-stage 
thinning, lichen species appeared in the subordinate 
vegetation composition: (Cetraria islandica (L.) Ach., 
Cladonia alpestris (L.) Rabenh, Cladonia rangiferi-
na (L.) F.H. Wigg.). In the reference forest stand and in 
Option 1, lichen species were not observed.

The total number of ground cover species changed 
due to forest stand thinning. Option 3 showed the high-
est species richness (14) in the grass/dwarf shrub storey 
(14), as a result of one-stage thinning with an intensity 
of 84%. Species richness in the experimental plots sub-
jected to one- and two-stage thinning (75% intensity; 
Options 1 and 2) was similar (12), while the reference 
plot showed a species number of 10.

The floristic composition was examined for all 
thinning plots and compared to that of the reference 
site. The most significant differences between the 
thinned plots and the reference site were observed 
for Option 1 (two-stage thinning of 75% intensity) 
and Option 3 (one-stage thinning of 84% intensity); 
the Jaccard index was 37.5% and 33.3%, respectively. 
One-stage thinning of 76% intensity in young forests 
did not result in a significant modification of grass/
dwarf shrub storey species diversity (Jaccard index = 
57%). All thinned forest stands differed in terms of 
specific species comprising their grass/dwarf shrub 
storeys (Jaccard index of 50% and less). For the moss/
lichen storey, the Jaccard index was above 50%, that 

Table 4. Statistical data on physical properties of O and E horizons within thinned test plots, in comparison with the reference 
plot

Index Option 1 Option 2 Option 3 Reference
O thickness, cm

Х ± mх 4.14 ± 0.17 3.95 ± 0.17 3.45 ± 0.19 3.38 ± 0.16
P-value < 0.05 < 0.05 0.77 –

Bulk density for О, g/cm3

Х ± mх 0.14 ± 0.01 0.14 ± 0.01 0.10 ± 0.01 0.12 ± 0.01
P-value 0.05 0.06 0.10 –

O reserve, t/ha
Х ± mх 58.38 ± 4.14 55.85 ± 4.45 34.59 ± 2.94 40.17 ± 3.16
P-value < 0.05 < 0.05 0.20 –

E thickness, cm
Х ± mх 7.25 ± 0.73 9.50 ± 0.68 8.64 ± 0.62 6.25 ± 0.60
P-value 0.34 < 0.05 < 0.05 –

Note: Х ± mх – mean value and standard error of mean
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Figure 3. Average coverage of V. myrtillus (in dark grey) 
and V. vitis-idaea (in light grey) in the experimental plots 
with standard deviation error bar
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is, thinning had no significant impact on the moss/li-
chen community.  

Thinning significantly impacted soil physical prop-
erties such as soil thickness of O and E horizons as well 
as soil density of the O, but had no effect on the soil 
density of the E (Tab. 4). 

The O thickness was most significantly influ-
enced by environmental factors as a result of thinning 
(ŋ = 33.2%). Thinning impact on density of soil struc-
ture and O reserve is 13%–14%.

In comparison with the reference forest stand 
(Tab. 5), the O was thicker in stands of Options 1 and 
2. At a higher cutting intensity (84%), O layer thickness 
in Option 3 stand significantly differed from that of Op-
tions 1 and 2 and was similar to that of the non-thinned 
reference plot. In all experimental plots, soil density of 
the O ranged from 0.10 to 0.14 g/cm3. The same tendency 
was observed for layer thickness. In pine forests of Op-
tions 1 and 2, soil density of the O was higher, but without 
significant differences to the reference stands (Tab. 5). 
Density of the O in Option 3 was lower when compared 
to that of Option 1 and 2 and the reference stand.

Table 5. Chemical properties of the O layer in the 
experimental plots

Option
Incineration loss рНH20 рНKCl

% %* рН %* рН %*
Option 1 80.5 128.6 4.4 95.7 3.3 94.3
Option 2 94.8 151.4 4.6 100 3.3 94.3
Option 3 94.2 150.5 4.5 97.8 3.5 100
Reference 62.6 100 4.6 100 3.5 100

* – relatively to the reference stand value 

The average value of the O reserve varied from 34.6 
to 58.4 t/ha in the experimental plots and was 40.2 t/ha 
in the reference site. The maximum value was observed 

for the O in the pine stands of Options 1 and 2. This 
value did not depend on the number of thinning stages 
and greatly differed from that of the reference stand (see 
Tab. 5). In Option 3, the O reserve was lower than in the 
denser stands of Options 1 and 2, mainly as a result of 
the lower layer thickness and soil density.

In the thinned stands, losses of the O via combus-
tion were 30%–50% higher in comparison with the ref-
erence stand (Tab. 6). Therefore, organic matter accu-
mulation mostly depends on the thinning method (one-
stage or two-stage thinning) rather than on the thinning 
intensity. Gradual removal of trees results in lower or-
ganic matter accumulation. Layer O reaction to changes 
in stocking in a forming stand remains quite persistent.

The impact of improvement cutting in young for-
ests on the physical properties of the mineral part of the 
subsoil layer (E horizon) was less evident than that on 
the O horizon. Soil density of the E layer in the experi-
mental plots varied between 1.23 and 1.28 g/cm3, with 
a total porosity of 50.8% to 52.7%.

However, environmental and coenotic factors in 
pine stands of different stand densities had significant 
impacts on E layer thickness. In the stand subjected to 
one-stage removal at the age of 13 years, the E layer 
was significantly thicker when compared to that of the 
reference stand (see Tab. 5). After gradual (two-stage) 
cutting of 13- and 40-year-old trees (Option 1), E lay-
er thickness was similar to that of the reference stand 
(p > 0.05). In this approach, podsolization was less in-
tense than in one-stage thinning.

In the thinned stands, the soil organic carbon con-
tent of the E layer (Tab. 7) was 2–3 times higher than 
that in the reference stand. Soil acidity variation was 
insignificant, while the nutrient content (mobile phos-
phorous and potassium compounds) was slightly higher 
than in the stands where 75% of the young trees were 
cut (Tab. 7).

Table 6. Chemical properties of the soil E layer in the experimental plots

Option
Incineration loss Organic carbon рНH20 рНKCl Р2О content К2О content

% %* % %* рН %* pH %* mg/kg %* mg/kg %*
Option 1 2.5 156.3 1.1 366.7 4.4 96.7 3.7 100 8.6 111.7 24.5 108.9
Option 2 2.6 162.5 0.7 233.3 4.5 97.8 3.9 105.4 7.9 102.5 24.5 108.9
Option 3 1.5 93.8 0.8 266.7 4.6 100 3.9 105.4 5.5 71.4 22.0 97.8
Reference 1.6 100 0.3 100 4.6 100 3.7 100 7.7 100 22.5 100

* – relatively to the reference stand value
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In the pine forest stands of Options 1 and 2, mobile 
phosphorus and potassium compound concentrations in 
the E layer were higher than in the reference stand and 
in Option 3. After thinning with an intensity of 84%, 
the nutrient content in the E layer was lower than that 
of the reference site, especially in terms of phosphate 
(by 29%). 

DISCUSSION

Thinning efficiency depends not only on the quality 
and quantity of the forest stands, but also on ecological 
components and on the resistance of stands to various 
environmental factors. In this context, the final aim is 
to develop the best combination of different environ-
mental characteristics related to forest stand growth and 
development in whole (Sennov 1977, 1984; Formanek 
and Vranova 2003; Ares 2005). As a criteria, quality 
category upgrading, stand volume increase and other 
taxational characteristics can be accepted (Saramiaki 
1993; Lowell 2012). Our results prove the hypothesis 
that stand density can be reduced (down to 600–900 
trees per 1 ha at the age of 72 years) without any damage 
to timber volume. This conclusion is in agreement with 
the findings of Wegiel et al. (2018), who reported that 
intensive thinning is acceptable and more cost-effective 
for timber production, while a higher density can be 
more useful for biomass production.

The environmental conditions of the studied stands 
were monitored by scientists from the Northern For-
estry Research Institute from 1960 to 2000 (Chibisov 
and Nefyodova 2007). According to the data presented 
by the authors, thinning carried out in the 13-year-old 
stands impacted microclimatic factors such as light-
ing, air temperature and humidity, soil freezing depth 

and thawing rate as well as soil temperature. An im-
pact of thinning on abiotic factors was observed over 
a period of 40 years and decreased with stand age and 
top development. In the taiga of northern Europe, tem-
perature is the main ecological factor (Chibisov et al. 
2004). In thinned forest stands, higher temperatures 
facilitate a longer cambium development period and 
an accelerated cambium cell division (Nefyodova et 
al. 1984).

The environmental modifications observed within 
the studied plots probably impacted biocenosis forma-
tion; however, studies carried out by the Northern For-
estry Research Institute in these plots traditionally cov-
ered only growing forest stands.

Other authors have indicated that with forest stand 
thinning, the growth space for remaining trees is ex-
tended, nutrient supply is improved, growth rates are 
higher and tree distribution in terms of diameter is al-
tered, while branch dying off is slowed down and the 
branches generally thicken (Chibisov et al. 2004; Sen-
nov 2012; Zakharov 2013). Thinning impacts stand 
lighting and therefore tree assimilation capacity. Thin-
ning contributes to the formation of needles and leaves, 
which are more productive than shade needles and 
leaves (Happanen 1979; Olson 2014). 

According to a previous paper, in the course of 
stand formation via thinning, ground cover and up-
per soil layers are impacted (Sennov 1977, 1984, 1999; 
Ledyaeva 2008; Regularities of pine and spruce… 
2014). The soil properties developed after thinning im-
pact ecological and coenotic factors, thereby regulating 
reforestation processes (Osman 2013).

For each type of site, there is an optimal amount 
of trees providing the most productive stand compo-
sition and the most efficient space use, depending on 
soil and environmental conditions (Popova 1996; Page-

Table 7. Chemical properties of the soil E layer in the experimental plots

Option
Incineration loss Organic carbon рНH20 рНKCl Р2О content К2О content

% %* % %* рН %* pH %* mg/kg %* mg/kg %*
Option 1 2.5 156.3 1.1 366.7 4.4 96.7 3.7 100 8.6 111.7 24.5 108.9
Option 2 2.6 162.5 0.7 233.3 4.5 97.8 3.9 105.4 7.9 102.5 24.5 108.9
Option 3 1.5 93.8 0.8 266.7 4.6 100 3.9 105.4 5.5 71.4 22.0 97.8
Reference 1.6 100 0.3 100 4.6 100 3.7 100 7.7 100 22.5 100

* - relatively to the reference stand value
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Dumroese and Jurgensen 2010; Rosenberg and Jacob-
son 2004). Wood assortment yield depends upon forest 
growth conditions and stand density (Haapanen 1979; 
Macdonald and Hubert 2002; Eriksson 2006; Todaro 
2011). The impact of thinning intensity on crop yield 
depends on the location, site and age of the forest stand 
(del Río et al. 2017). 

Thinning also impacts natural regeneration under 
the canopy, but this impact is related to the species com-
position of the forest stand (Minkevich 1985; Belyaeva 
and Kazi 2003; Feklistov and Torbik 2011). Thus, in for-
est spruce stands of the wood-sorrel type, intensive thin-
ning (>20%) can result in ground cover development and 
natural seeding suppression. At a thinning intensity of 
17%, undergrowth develops poorly (Minkevich 1985). 
After swath thinning in spruce stands of the blueberry 
type, the spruce undergrowth was sufficient for spruce 
regeneration at 35 years after the thinning. According 
to the previous study, the self-seeding undergrowth is 
less dense in swaths than in skidding lanes (Feklistov 
and Torbic 2011). Belyaeva and Kazi (2013) have stated 
that in pine/spruce forest stands of the blueberry type 
(southern taiga subzone), thinning of lower intensity is 
more favourable than intensive thinning in respect of 
forest phytocoenosis preservation. In the middle taiga 
subzone (Minin 2003), in pine forests of the blueberry 
type thinned at the age of 30 years (17, 30 and 43% of 
stand volume), spruce undergrowth prevailed, with the 
occasional pine undergrowth. At 48 years after thin-
ning, undergrowth density was 35–58% higher than in 
the reference forest stand.

In our experiments, which were performed in simi-
lar taiga sites, species composition modification also 
occurred: under the pine forest canopy, spruce under-
growth developed. However, its amount depends on the 
environmental and coenotic conditions formed as a re-
sult of young stand thinning and can be related to differ-
ent ground cover compositions.

Live ground cover in stands formed after thinning 
impacts seed germination ability, young seedling for-
mation and development as well as tree undergrowth 
accumulation. However, there is no consent on live 
ground cover response to thinning. It is generally ad-
mitted that at a higher thinning intensity, ground cover 
modification is more significant due to drastic light 
changes (Minkevich 1985), resulting in considerable 
changes in the environmental conditions of the forest 

phytocoenosis and in unfavourable processes such as 
bogging (Belyaeva 2009).

The responses of different plant groups and species 
to thinning depend on the forest type and on the condi-
tions under different thinning intensities. Some scien-
tists state that as a result of improvement cutting, grass 
species develop (Belyaeva et al. 2009), and the number 
of species comprising the grass/dwarf shrub storey in-
creases because of the better light conditions (Feklistov 
and Torbik 2011). However, other studies have shown 
that this is not always the case (Sennov 1977). Appar-
ently, grass species are less susceptible to thinning than 
moss species (Abramova and Pulnikov 2009), although 
information on moss species response is also ambigu-
ous. In some cases, after thinning, the green moss pro-
jective cover increased (Sennov 1977), while in other 
cases (Abramova and Pulnikov 2009), it decreased.

In our experiment, 58 years after thinning, both the 
grass/dwarf and the moss/lichen communities were al-
tered, and different plant species responded differently 
to the environmental conditions. Intensive thinning of 
young stands resulted in improved light conditions; 
subsequently, light-demanding and xerocolous species 
developed more vigorously. Lichens appeared in Op-
tions 2 and 3, indicating increased insulation and dryer 
conditions. In the reference stand and the stand with 
two thinning, lichens were absent.

The upper soil layers show current conditions of 
biocenosis. According to Chertov (1981), the modifica-
tion of abiotic factors in ecosystems after thinning sig-
nificantly impacts the forest floor, potentially increasing 
the humus layer. The upper O horizon (forest floor) is an 
important soil layer and represents a biochemical barrier 
for the migration of chemical elements within the forest 
biocenosis (Shcherbov 2012); the forest floor saturates 
the underlying layers with nutrients and water-soluble 
organic compounds, which migrate via precipitation. 
Changes taking place in the forest floor as a result of 
thinning also impact the properties of the mineral soil 
layers, and in a pine forest stand of the red whortleberry 
type, thinning resulted in forest floor compaction (Sen-
nov 1977) or quantity reduction (del Rio et al. 2017).

In our experiment, in the two sites, O horizon thick-
ness increased by 2 times, without soil density modi-
fication. In Option 3, due to the reduction of trees to 
600 trees/ha, the density of the O horizon was signifi-
cantly increased, possibly because of accelerated organ-
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ic matter decomposition due to increased insulation and 
ground cover composition modification (Dymov et al. 
2012). As a result, the E horizon received lower amounts 
of organic matter.

The gradual modification of environmental and 
ceonotic conditions via two-stage thinning contrib-
utes to a better organic matter supply to the underly-
ing layers. The E horizons of the studied sites contained 
lower organic matter amounts, but were richer in ac-
cumulated organic carbon because of the migration of 
water-soluble components. In coniferous stands, water-
soluble components are saturated with specific humic 
substances with higher contents of fulvic acids (Lavren-
tyev et al. 2008), which results in soil organic matter 
decomposition and can cause podsolization, leading to 
a greater thickness of the E layer. However, although E 
layer thickening was observed, there were no significant 
differences in terms of responses to the environmen-
tal conditions. In the southern taiga subzone, thinning 
mainly results in a decreased soil acidity (Sennov 1999).

CONCLUSION

Improvement thinning in young pine/birch stands re-
sults in the formation of pure pine stands. The associ-
ated modification of environmental properties had no 
significant impact on natural regeneration, but changed 
the composition and density of the ground cover and 
some properties of the upper soil layers. Two-stage im-
provement thinning had the least impacts on silvicul-
tural and environmental properties; this approach can 
be used to create stands with high commercial value. It 
is especially recommended for young pine/birch forests 
in the northern taiga.
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