
Comparative Analysis of Thinning Techniques in Garchinsky Forestry 

Olga Grigoreva1*, Elena Runova2, Tamara Storodubtseva3, Alina Urazova4, Anna Voronova5, Viktor Ivanov2, Viktoria 

Shvetsova6, Igor Grigorev7 

1 Department of Forestry, Saint Petersburg State Forest Engineering University named after S.M. Kirov, Institutskiy Lane, 5, 

Saint-Petersburg 194021, Russian Federation 
2 Department of Forest Crops, Breeding and Dendrology, Bratsk State University, Makarenko Str., 40, Bratsk 665709, Russian 

Federation 
3 Department of Industrial Transport, Construction and Geodesy, Voronezh State University of Forestry and Technologies 

named after G.F. Morozov, Birch Grove Str., 39, Voronezh 394043, Russian Federation 
4 Department of Technologies and Equipment of Timber Industry, Ural State Forest Engineering University, Sibirskiy Trakt, 

37, Yekaterinburg 620100, Russian Federation 
5 Department of Applied Mathematics and Cybernetics, Petrozavodsk State University, Lenin Avenue, 33, Petrozavodsk 

185910, Russian Federation 
6 Department of Descriptive Geometry and Engineering Graphics, Saint-Petersburg State University Architecture and Civil 

Engineering, 2nd Krasnoarmejskaya Str., 4, Saint-Petersburg 190005, Russian Federation 
7 Department of Technology and Equipment of Forest Complex, Arctic State Agrotechnological University, Sergelyakhskoye 

Highway, 3rd km, 3, Yakutsk 677007, Russian Federation 

Corresponding Author Email: grigorevaolgaa5@rambler.ru

https://doi.org/10.18280/mmep.090324 ABSTRACT 

Received: 20 July 2021 

Accepted: 29 November 2021 

Thinning treatment is a necessary and complex forestry activity. The experimental 

results from plantations established 20-30 years ago and explains some concepts of the 

theory, practice, methods, and regime of thinning on the permanent sample plots of 

pine stands in Gatchinsky forestry of the Leningrad region were shown in this 

article. Choosing the right thinning method allows to optimize the yield, 

productivity and mortality of the stand. On the other hand, we observed improved 

merchantability of the stand, reduced time for forestation, and simplified thinning 

programs. Crown thinning is a less preferred method than bottom thinning, as it 

leads to a deterioration in the quality of trees and an increase in their mortality. 

The inexpediency of preliminary thinning of trees has been established. Tree thinning 

results in an improvement in the quality of the remaining stand, as nutrient utilization 

is greatly increased. Tree thinning must necessarily be combined with fertilization. 

Thinning without fertilization and fertilization without thinning show the worst 

results. In general, findings of this article can be used to improve approach of thinning 

treatment in the Leningrad or other regions in the North of Russian Federation. 
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1. INTRODUCTION

The thinning treatment has been the subject of many 

scientific studies in forestry for a long time [1]. It is known 

that its yield and quality depend on the proper care of the forest. 

One of the most effective methods of forest care, which has 

been known for several centuries, is its thinning [2]. Reducing 

plantation density causes an increase in plant biomass by 

increasing tree diameter. It is important to consider the number 

of cuttings, because exceeding the cutting limit can lead to a 

significant reduction in the yield [3].  

Recently, especially in Europe, there has been a switch from 

the main function of forests as a source of timber to the 

conservation of forest areas in order to maintain environmental 

balance [4].  

The works [5-7] present the results of experiments with 

different types of forest trees in Central Europe and other 

regions of the world. Research on tree thinning methods has 

focused primarily on wood yield and tree growth, as well as 

their yield and geometric dimensions. It should be noted that 

the impact of tree thinning on the environment has been 

studied very little [8, 9], although long-term experiments can 

fill the gaps in such aspects as carbon formation and climate 

change [9]. 

It is known that The Scots pine (Pinus sylvestris L.) is the 

most widespread species of coniferous plants in Northern 

Europe. Many researchers are still arguing about the methods 

of thinning this type of tree, in particular, the predominance of 

the upper or lower type of thinning [12, 13]. 

Sometimes in the scientific literature the results of works on 

the use of a mixed approach are presented. In addition, 

methodological recommendations are being developed for the 

practical use of thinning technology [14]. There is also a strong 

opinion that thinning does not significantly affect the yield of 

wood. [4]. On the other hand, there is an opinion that thinning 

trees can significantly increase their yield [15]. Moreover, this 

is influenced by the type of pine, the geographical area, the 

resistance of the pine to environmental changes [16], and 
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differences in the experimental planning and thinning methods 

used [17]. 

Some scientists express the opinion about the possibility of 

stable growth of trees after they reach 20-30 years of age, 

while others argue that thinning should be carried out only on 

young trees [18]. Moreover, there are recommendations for 

thinning trees to improve their selection [19]. However, in our 

opinion, only long-term experiments can give a clear answer 

about the benefits of tree thinning. 

Based on the foregoing, based on many years of research on 

thinning pine plantations, we will outline the positive and 

negative aspects of both methods. 

The study purpose was to analyze the results of thinning 

established 20-30 years ago and specify some theories, 

practices, methods, and regimes of thinning in the pine stands 

of Gatchinsky forestry in the Leningrad region. In our opinion, 

the results obtained during the implementation of this study 

can be used to assess the impact of thinning and fertilization 

of pine plantations. The studying included the following tasks: 

1. Investigations the influence of thinning treatment on the 

age dynamics of pine. 

2. Investigations the processes of tree formation, change in 

tree diameter class during growth, and the effect of different 

thinning methods on these processes. 

3. Economic efficiency of thinning and fertilizing the soil. 

The above will allow the development of guidelines for the 

care of pine plantations in the Leningrad region of the Russian 

Federation. 
 
 

2. MATERIALS AND METHODS 

 

2.1 FIM (forest inventory method) 

 

Methods of partial forest inventory are used for large forest 

inventories. For this purpose, the inventory was used only on 

certain, typical part of it (site with consideration of age and 

species predominance of plants). During partial forest 

inventory scientists receive such data per 1 ha as: stock, the 

sum of the cross-sectional areas; number of trunks. The 

method of permanent sample plots (PSP) was used in this 

study.  

The start of investigations was in 1971 on the plantations 

that were more 70 years old. We can say that we investigated 

the impact of thinning in details.  

In this study, approximately every five years, a continuous 

forest assessment was carried out at PSPs. A hypsometer was 

used for measurements that were conducted in 5 years 

(because this is the minimum time to show stable differences 

between plants) with measurements of diameters of all 

accounting trees in the same places, in particularly North-

South, West-East, and with measurements one of tenth trees.  

In the course of the research, such indicators as: the growth 

rate of the forest stand, the dynamics of decline, the increase 

in diameter, height and stock were studied. It should be noted 

that the studied samples were characterized by a protective 

strip from 20 to 30 m. 

The role of thinning in estimating wood yield was assessed 

by comparison with non-thinned plots. 

We determined such parameters as species, age, average 

diameter, average height, total stock, and merchantability. 

The age (average) was calculated according to the diameter 

class of the trees: 

 

𝐴𝑎𝑣 =
(𝐴1𝑔1 + 𝐴2𝑔2 +⋯+ 𝐴𝑛𝑔𝑛)

𝑔1 + 𝑔2 +⋯+ 𝑔𝑛
 (1) 

 

where, 𝐴1, 𝐴2, …, 𝐴𝑛 – average age of trees, years; 𝑔1, 𝑔2, ..., 

𝑔𝑛  – cross-sectional areas of trees, m2. The average age in 

forest inventory is calculated with the accuracy of 1 year. 

The diameter (average) was calculated as the trunk`s 

diameter, the area of which is equal to the average calculated 

from a sample of trees, and is calculated by the formula: 

 

𝐷𝑎𝑣 = 2√
𝑔𝑎𝑣
𝜋

 (2) 

 

𝑔𝑎𝑣 =
(𝑛1𝑔1 + 𝑛2𝑔2 +⋯+ 𝑛𝑛𝑔𝑛)

𝑛1 + 𝑛2 +⋯+ 𝑛𝑛
 (3) 

 

where, 𝑛1, 𝑛2, ..., 𝑛𝑛 – the number of trees. 

Density (absolute) per 1 ha of forest is determined by, 

𝑚2/ℎ𝑎: 

 

𝐺 =
∑ 𝑛𝑖𝑔𝑖
𝑛
𝑖=1

𝑆
 (4) 

 

where, 𝑆 – sample plot area, ha. 

The exact value of the average height (up to 0.1 m) was 

determined by the formula: 

 

𝐻𝑎𝑣 =
(ℎ1𝑔1 + ℎ2𝑔2 +⋯+ ℎ𝑛𝑔𝑛)

𝑔1 + 𝑔2 +⋯+ 𝑔𝑛
 (5) 

 

where, ℎ1 , ℎ2 , …, ℎ𝑛  – heights of trees with different 

diameters, m.  

The stock of the forest unit (𝑀 ) was calculated by the 

formula: 

 

𝑀 =
𝐺∑ 𝑉𝑖

𝑘
𝑖=1

∑ 𝑔𝑖
𝑘
𝑖=1

 (6) 

 

where, 𝑉𝑖 – the volumes of the 𝑖 − 𝑡ℎ accounting trees, m3; gi: 

cross-sectional areas of the 𝑖 − 𝑡ℎ accounting trees, m2; 𝑘 – 

the number accounting trees. 

The yield dynamics of trees was estimated by the change in 

their diameter, in particular, the following formula was used: 

 

𝑍 = 𝐷 − 𝑑 (7) 

 

where, 𝐷 – diameter of tree trunk at 1.3 m height at the finish 

of the experiment; 𝑑 – diameter of tree trunk at 1.3 m height, 

set at the start of the experiment. 

Relative tree growth (𝑃) rate and the relative diameter (𝑅) 

were calculated according to formulas (8) and (9):  

 

𝑃 =
200

𝑛

𝑅𝑦 − (𝑅 − 1)𝑦

𝑅𝑦 + (𝑅 − 1)𝑦
 (8) 

 

𝑅 =
𝐷

𝑍
 (9) 

 

The diameter class (𝑦) is defined as: 
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𝑦 = 2 +
log𝐻 − log ℎ

log𝐷 − log 𝑑
 (10) 

 

where, 𝐻 and ℎ: values of average height (m) at the current 

time and at the beginning of the observation period (n years 

ago), respectively. 

In accordance with GOST 18264-72 [20] the current growth 

of stands was determined. On the basis of the age and height 

of the dominant species of the upper layer the bonitet class was 

determined. The average height 𝐻𝑎𝑣  of the stands at the 

corresponding age was the classification attribute of the 

bonitet scale [21]. 

We used Excel 2013 for data processing and study of 

dependencies. 
 

2.2 Research object features 
 

We carried out a comprehensive study of pine plantations 

(series 5 and 6), which were planted in the conditions of the 

Gatchinsky forestry enterprise in 1971. The area of each plot 

was not less than 0.2 ha. During the experiment, the type of 

thinning (crown or bottom), quantity and quality of fertilizers 

varied. All results obtained were compared with the control 

plot. Reportedly, in the low thinning, a single-tier stand is 

formed with horizontally closed crowns [21]. In the method of 

crown thinning, much attention is paid to the best species with 

an even, more full-grown trunk. To improve the growth of 

healthy trees, trees with drooping crowns and large diameter 

trunks are cut down. To increase the growth of large and 

medium trees, they must be fertilized with mineral fertilizers. 

According to [22], at the first stage, it is necessary to apply 

nitrogen-phosphorus fertilizer in the amount of 100-200 kg/ha, 

after intermediate thinning - potash fertilizer in the amount of 

100-150 kg/ha and after that only nitrogen fertilizer in the 

amount of 90-120 kg/ha with an interval of 10 years [22]. 

Series 5 was planted among a drained pine stand 43 years 

ago. The composition of the stand consists of a pure single-age 

pine plantation and less than 2% of the birch. Soil type in the 

forest: iron-illuvial sand podzol. The series 5 consists of 3 PSP: 

control (5-1), low-thinned (5-2), and for low-thinned and 

double-fertilized (5-3). The results of calculating taximetric 

parameters of these plots are presented in Table 1. 

Series 6 trees were planted among the pines. Planting age - 

36-45 years. It has been established that these trees consist 

almost entirely of pine and about 2% of birch. The soil in this 

area is predominantly humus-ferruginous-podzolic. Series 6 

includes 7 plots, namely: slightly sparse (6-2), control (6-3), 

control + fertilized (6-4), slightly sparse with fertilizers (6-5), 

crown-sparse (6-7), crown-sparse (6-8), few ruby (6-9). Table 

1 shows the characteristics of these areas. 

 

2.3 Characteristics of Gatchinsky Forestry 

 

The Gatchinsky forestry area is located 70 km south of St. 

Petersburg in the western region of the southern taiga subzone. 

On the territory of the Gatchinsky forestry, coniferous trees 

mainly grow. 

In general, the climate of the district is characterized as 

moderate. The territory of the Gatchinsky forestry is 

characterized by a flat relief and windy weather, with the wind 

direction predominantly towards the southwest, west and 

south. The Gatchinsky forestry mainly grows such trees as 

pine, spruce and birch, which are characterized by the second 

(II) bonitet.

 

Table 1. Parameter values 

 

𝑃𝑆𝑃 
𝐴𝑎𝑣, 

years 

𝑉𝑡𝑜𝑡𝑎𝑙 
𝑚3/
ℎ𝑎 

Remaining part Thinned part 

Н𝑎𝑣, 

𝑚 

Н𝑚𝑎𝑥 , 

𝑚 

Quality 

class 

𝐷𝑎𝑣, 

𝑚 

𝑁, 

𝑝𝑐𝑠/
ℎ𝑎 

𝐺, 

𝑚2/
ℎ𝑎 

𝑉, 

𝑚3/
ℎ𝑎 

Year of 

thinning 

Volume 

fraction of 

thinning, % 

𝐺, 

𝑚2/
ℎ𝑎 

𝑉, 

𝑚3/
ℎ𝑎 

Incl. 

dry 

5-1 43 202 15.5 17.1 I 0.139 1555 23.8 190 1971 6 2.1 12  

5-2 43 202 16.2 17.3 I 0.145 885 14.7 119 
1971 

1981 

41 

15 
10.6 83  

5-3 43 200 16.7 17.4 I 0.163 775 16.2 132 
1971 

1981 

34 

14 
8.5 68  

6-2 36 179 14.1 15 II 0.15 835 14.7 108 
1971 

1981 

36 

6 
9.7 71 10 

6-3 36 189 12 15.5 II 0.112 2685 26.5 176 - - 2.0 13 13 

6-4 40 182 12.4 15.6 II 0.119 2350 26.2 179 - - 0.6 3 3 

6-5 40 197 13.9 15.6 II 0.154 925 17.3 126 1971 32 11.4 71 13 

6-7 45 234 14.6 16.5 II 0.143 1225 19.5 150 1971 41 12 84 22 

6-8 45 198 15.5 17.5 II 0.167 750 16.4 132 1971 28 10.1 66 11 

6-9 45 246 16.4 17.7 II 0.188 505 14 114 1971 49 18.6 132 21 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Age dynamics of trees 

 

The characteristics of permanent inventory areas at the time 

of their sampling and research are presented in Table 2. 

Analyzing the data given in Tables 1 and 2, we can conclude 

that in almost all areas there is an increase in the quality class 

of samples. In particular, trees in plots 5-2 and 5-3 upgraded 

their class to Ia, plots 6-2, 6-3, 6-4 and 6-8 to I, and samples in 

plots 6-5, 6-7 and 6-9 to Ia. Consequently, reducing the number 

of trees and fertilization positively affect the forest inventory 

indicators. They lead to an increase in stand biomass and plant 

height, which is associated with greater accessibility to 

resources (water, trace elements, sunlight). 

Analyzing the data given in Table. 2, it can be stated that 

such an indicator as the average diameter of trees is closely 

correlated with their thinning. The less densely the trees are, 

the larger their trunks. On the example of samples (5-2) and 

(5-3), as well as (6-5) and (6-9), it can be argued that thinning 

leads to a significant increase in the trunk diameter compared 

to the control (6-3) and (5-1) sections. It can be noted that 

mixed tillage (6-5) gives much better results than simple 

fertilization without thinning (6-4). 
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Figure 1. Change of the current ingrowth rate by years 

 

Comparing the data of Tables 1 and 2, it can be seen that 

sections (5-3) and (6-8) are characterized by the best results in 

terms of average and upper height. The absolute planting 

density G increased to 0.9 and 0.7 in plots (5-3), (6-9) and (5-

2) due to double thinning, respectively. Table 3 shows the 

results of changing the value of G in sections (6-7) and (6-9). 

Analyzing the data given in Table. 3, it can be stated that for 

30 years the indicator G for sections (6-7) and (6-9) has 

practically approached and amounted to 28.8-29.7 𝑚2/ℎ𝑎. 

The current ingrowth speed in sections (6-5), (6-7) and (6-

9) is shown in Figure 1. Based on the above data, we can 

conclude that during the first 5 years there is an increase in 

samples with upper and lower thinning. After that, a sharp 

increase in the number of ingrowths is observed. 

 

3.2 The effect of thinning on changes in pine tree diameter 

class 

 

Table 4 shows the changes in tree diameter class in low-

thinned and crown-thinned PSPs. 

The data given in Table 4 show that at the end of the 

experiment, the trees are characterized by a large diameter, but 

their quality is significantly reduced. Despite this, it can be 

argued that crown thinning leads to a decrease in the number 

of large trees. Table 5 shows the results of determining tree 

mortality. 

Based on the Table 5 data, it can be argued that tree samples 

with a size of 12 mm are characterized by the maximum 

mortality. It should also be noted that in thin plots, dead wood 

has developed among trees of the 16th diameter class, 

amounting to 20-46% of the total forest stand. Trees larger 

than 20 mm rarely die. The greatest death is observed in plots 

(5-1), (6-4) and (6-7), respectively 159, 145 and 108 tree 

samples. 

 

Table 2. Final characteristics of sample plots (at the moment of experiment) 

 

PSP 
𝐴𝑎𝑣, 

𝑦𝑒𝑎𝑟𝑠 

Н𝑎𝑣, 

𝑚 

Н𝑚𝑎𝑥 , 

𝑚 
Quality class 

𝐷𝑎𝑣, 

𝑚 

𝑁, 

𝑝𝑐𝑠/ℎ𝑎 

𝐺, 

𝑚2/ℎ𝑎 

𝑉, 

𝑚3/ℎ𝑎 

Total yield, 

𝑚3/ℎ𝑎 

5-1 74 26.5 28.1 I 0.228 775 31.6 373 463 

5-2 74 27 28.2 Iа 0.258 600 26.5 311 461 

5-3 74 27.4 29.2 Iа 0.26 590 313 386 516 

6-2 61 23.5 24.6 I 0.221 675 26 288 382 

6-3 66 23 24.8 I 0.205 870 28.8 319 433 

6-4 70 25 26 I 0.224 795 31.4 355 475 

6-5 70 27 28.9 Iа 0.244 660 31 390 509 

6-7 75 26.3 27.4 Iа 0.238 665 29.7 337 490 

6-8 75 28.6 30.5 I 0.256 485 25 319 432 

6-9 75 28.5 29.7 Iа 0.28 465 28.8 377 525 

 

Table 3. Dynamics of growth of the absolute density of stand G by years (every 5 years) 

 

PSP Quality class 
𝐺, 𝑚2/ℎ𝑎 

45 years 50 years 55 years 60 years 65 years 70 years 75 years 

6-7 II-Iа 19.5 20.7 23.3 23.2 24.6 26.7 29.7 

6-9 II-Iа 14.0 16.7 20.5 21.9 23.7 26.0 28.8 

 

Table 4. Quality assessment of pine samples 

 

PSP 
Diameter 

class 

Number of trees at the 

beginning 

Eventual distribution of trees by diameter 

classes 
Remaining trees, 

pcs. 
Remaining 

trees, % 
12 16 20 24 28 32 36 40 

6-7 

8 24 2        2 100 

12 97 2 11 9 1     23 23 

16 94  2 23 36 22 1   84 89 

20 23    3 15 4   22 96 

24 1       1  1 100 

Total 239 4 13 32 40 37 5   132 55 

6-9 

8            

12 2  1       1 100 

16 45   7 21 12 2   42 93 

20 36    2 19 11 2  34 94 

24 11      6 4  10 91 

28 1       1  1 100 

Total 95  1 7 23 31 19 7  88 91 
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Table 5. Mortality distribution among diameter classes 

 

PSP 
Diameter class, cm 

8 12 16 20 24 28 Total 

5-1 69/43 70/44 18/11 2/1   159 

5-2 3/6 15/29 24/46 7/13 3/6  52 

5-3 3/10 8/26 8/26 5/16 4/12 3/10 31 

6-3 14/18 59/75 6/7    79 

6-4 26/18 104/72 12/8 3/2   145 

6-5 5/12 26/60 9/20 2/4 2/4  44 

6-7 22/25 74/62 10/12 1/1   108 

6-8 8/26 16/52 7/22    31 

6-9 1/13 3/37 2/37 1/13   8 
*numerator stands for the number of trees, and the denominator stands for % of the total number of trees. 

 

3.3 Influence of the thinning on the quantity of pine 

samples 

 

It is known that the total yield is the total amount of forest 

stand and felled trees. Productivity is the total yield minus 

mortality. Table 6 shows yield data depending on the age of 

the trees. It can be added that despite the different initial 

conditions (soil, thinning, amount of fertilizers), by a certain 

age, the yield of the samples we studied became almost the 

same. 

Due to the small difference in the initial stock on the 

experimental plots at the beginning of planting, the leveling of 

yields is observed much faster. 

Analyzing the data on plots (5-1), (5-2) and (5-3), it can be 

noted that with initial yields equal to 201-208 m3/ha, by the 

end of the reporting period, the yield increased to 461-464 

m3/ha in plots (5-1) and (5-2). On the thinned and fertilized 

plot (5-3) there was a sharp increase in yield up to 516 m3/ha. 

When comparing the yield of plots (6-1), (6-2) and (6-3), it 

can be noted that with an initial yield of 169-191 m3/ha at the 

end of the experiment, samples from a slightly sparse plot (6-

2), namely, 448 m3/ha. 

Comparing plots (6-4), (6-5) and (6-6) it can be noted that 

at the initial level of productivity at the level of 188-202 m3/ha, 

namely up to 509 m3/ha. 

Comparing the data (Figure 2) on wood yield in plots (6-7), 

(6-8) and (6-9), it can also be noted that at the initial yield level 

of 207-247 m3/ha, at the end of the experiment, the wood yield 

increased to the maximum 525 m3/ha in case of several 

cuttings. 

 

 
 

Figure 2. Age-related changes in total yield at low-thinned 

and crown-thinned sample plots 
 

The yield of wood in a plot with a slight thinning of the 

crown is lower than in a plot with increased thinning. 

Table 7 shows the results of yield and productivity of 

various experimental plots. Given in Table 7, the results of the 

experiment confirm the fact that intensive low thinning leads 

to higher yields and productivity compared to plots 

characterized by thinning only the upper part. Integrated 

treatment (6-5) is more effective than fertilization without 

thinning (6-4). The data obtained show that complex tillage 

leads to a significant increase in yield (by 7%) and 

productivity (by 30%) compared to the fertilized plot. 

As for series 5, the experimental section with complex 

processing showed the highest productivity. Despite this, the 

productivity in the experimental plot after double thinning was 

lower than in the control. Based on this, we can conclude that 

the intensity of the first thinning is increased and the second is 

excluded. 

There is no doubt that intensive thinning leads to a better 

use of nutrient resources [23-26]. 
 

Table 6. Age-yield dynamics on sample plots 

 

Age, years 

Total yield of sample plots by sections 

5-1 5-2 5-3 

𝑚3/ℎ𝑎 % 𝑚3/ℎ𝑎 % 𝑚3/ℎ𝑎 % 

43 204 100 208 102 201 98 

48 254 100 246 97 263 103 

53 312 100 292 93 324 104 

58 350 100 338 96 358 102 

63 383 100 382 100 405 106 

68 420 100 414 98 452 108 

74 464 100 461 99 516 111 

 6-1 6-2 6-3 

36 169 88 188 98 191 100 

41 208 82 227 90 252 100 

46 239 86 266 95 279 100 

51 275 86 290 91 318 100 

56 304 83 341 93 368 100 

61 359 88 391 96 408 100 

66   448 104 433 100 

 6-4 6-5 6-6 

40 188 100 198 105 202 107 

45 279 100 268 96 267 96 

50 322 100 327 102 312 97 

55 353 100 368 104 360 102 

60 399 100 416 104 390 98 

65 442 100 438 99 414 94 

70 475 100 509 107   

 6-7 6-8 6-9 

45 247 88 207 74 246 88 

50 284 88 257 80 288 89 

55 332 94 295 84 348 98 

60 388 97 329 82 370 93 

65 426 96 351 79 413 93 

70 466 98 410 86 480 101 

75 490  432  525  

766



Table 7. Yield and productivity of trees 
 

PSP 
Initial stock 

𝑚3/ℎ𝑎 

Eventual 

stock 

𝑚3/ℎ𝑎 

Stock 

development 

𝑚3/ℎ𝑎 

Total felled 

stock 

𝑚3/ℎ𝑎 

Yield 

𝑚3/ℎ𝑎 

Final yield,  
𝑚3/ℎ𝑎 

Growth of total yield from initial 

𝑚3/ℎ𝑎 % 

5-1 190 373 183 11 373 463 262 129 

5-2 119 311 192 114 425 456 241 119 

5-3 132 386 254 105 491 496 296 148 

6-2 108 338 230 85 423 439 260 145 

6-3 176 319 143 0 319 433 244 129 

6-4 179 355 176 0 355 475 293 62 

6-5 126 390 264 71 461 509 312 158 

6-7 150 337 187 84 421 490 256 109 

6-8 132 319 187 66 385 432 234 118 

6-9 114 377 263 132 509 525 279 113 

 

3.4 Stock recovery after thinning 

 

It is known that intensive thinning can lead to a decrease in 

the stock of forest stands and, as a result, to a decrease in the 

profitability of final use. 

Figure 3 shows graphs of wood yield depending on age 

when thinning the crown (6-7) and bottom (6-9) of trees. With 

a lower initial level of wood yield after 65 years, a comparison 

of the yield is observed, and after 75 years, the wood yield in 

the plot (6-9) exceeds the wood yield in the plot (6-7) by 12%. 

 

 
 

Figure 3. Age-related stock development in samples (6-7) 

and (6-9) 

 

 
 

Figure 4. Age-related stock development in samples (5-1), 

(5-2) and (5-3) 

 

Plot (5-2) was characterized by the smallest reserve, which 

could not be replenished before the end of the experiment 

(Figure 4). 

According to the data, in the first cutting was made 

approximately 41% of the stock. Although the stock volume 

and productivity were not restored, at the age of 53, the second 

thinning session was held at an intensity of 15%. At the 5-3 

mixed treated sample plot, the first thinning treatment was 

34%. The following year, it was decided to apply the necessary 

fertilizers, after which (53 years) the increase in productivity 

recovered to the level of the control plot. After that, it was 

decided to carry out a second thinning and fertilization. The 

data show that the yield was almost the same in all plots. 

However, according to the results of the experiment, the yield 

in the control plot was minimal. The following year, it was 

decided to apply the necessary fertilizers, after which (53 years) 

the increase in productivity recovered to the level of the 

control plot. After that, it was decided to carry out a second 

thinning and fertilization. The data show that the yield was 

almost the same in all plots. However, according to the results 

of the experiment, the yield in the control plot was minimal. 

The plot (5-3) was characterized by the maximum yield, the 

plants on which were thinned out and fertilized twice. 

We assessed mortality to determine the need for different 

types of thinning. Changes in mortality rates on differently 

sample plots presented in Figure 5. 

It can be argued that intensive thinning immediately after 

treatment has a strong effect on mortality. After that, the 

mortality rate levels off. 

Shown in Figure 5 data show that mortality in slightly 

thinned areas is almost zero. In sparse areas, mortality is much 

higher (~3 times). On slightly thinned plots (6-2) with two-

fold thinning, the mortality rate is significantly lower (~4 

times) than on the non-thinned (control) plot. 

 

 
 

Figure 5. Changes in mortality M rates on differently sample 

plots 

 

3.5 Economic calculations 

 

Method of thinning has a significant effect on size 

distribution of pine trees, as can be evident from data in Table 

8.  
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Based on the data given in Table. 8, we can conclude that 

the highest commercial value is characterized by wood 

obtained in the area (5-3). It has been established that the type 

of thinning significantly affects the economic efficiency of 

growing pine trees. 

The second place in terms of inventory value after complex 

treatment is occupied by the 6-9 low-thinned sample plot and 

6-5 mixed-treatment plot. It can be explained by a large stand 

stock in general, and a large stock in particular for large and 

medium wood. The 6-3 control plantation has the lowest 

inventory cost. 

 

Table 8. Economic calculations 

 

Size  

of wood 

Section 5-1 Section 5-2 Section 5-3 

Stock, 𝑚3/ℎ𝑎 Inventory cost, $ Stock, 𝑚3/ℎ𝑎 Inventory cost, $ Stock, 𝑚3/ℎ𝑎 Inventory, cost, $ 

L 37.0 293.4 38.0 301.3 41.0 325.0 

M 227.0 1284.3 196.0 1109.0 248.0 1403.0 

S 45.0 128.0 28.0 79.7 49.0 139.5 

FW 22.0 4.9 19.0 4.3 24.0 5.4 

T 331.0 1710.7 281.0 1494.0 362.0 1873.0 

 Section 6-3 Section 6-4 Section 6-5 

L 22.0 174.4 35.0 277.5 39.0 309.0 

M 150.0 849.0 217.0 1227.0 237.0 1341.0 

S 86.0 245.0 43.0 245.0 47.0 134.0 

FW 23.0 65.5 21.0 4.7 24.0 5.4 

T 281.0 1333.0 316.0 1755.0 347.0 1789.0 

 Section 6-7 Section 6-8 Section 6-9 

L 34.0 270.0 32.0 254.0 45.0 357.0 

M 206.0 1165.0 195.0 1103.0 237.0 1341.0 

S 40.0 114.0 38.0 108.0 34.0 97.0 

FW 20.0 4.5 19.0 4.4 23.0 5.2 

T 300.0 1553.0 284.0 1470.0 339.0 1799.0 

 

 

4. DISCUSSION 

 

It is known that improving the quality characteristics of 

grown wood significantly increases its attractiveness to timber 

processing enterprises [27-29]. 

As part of our study, we set ourselves the goal of 

determining the impact of various types of thinning and tree 

processing on the yield and productivity of growing wood. It 

should be noted that one of the most important indicators 

evaluated by us was the diameter of the trunk. Figure 6 shows 

data on the dispersion of the diameter of the trunks in different 

areas. Reducing the dispersion allows us to conclude that the 

procurement campaign will be held with less difficulty. 

 

 
 

Figure 6. Dispersion by years 

 

 

5. CONCLUSIONS 

 

The following main conclusions and recommendations can 

be made on the basis of research results: 

(1) Choosing the right thinning method allows you to 

optimize the yield, productivity and mortality of the stand. On 

the other hand, we observed improved merchantability of the 

stand, reduced time for forestation, and simplified thinning 

programs. 

(2) Crown thinning is a less preferred method than bottom 

thinning, as it leads to a deterioration in the quality of trees and 

an increase in their mortality. 

(3) The inexpediency of preliminary thinning of trees has 

been established. 

(4) Tree thinning results in an improvement in the quality of 

the remaining stand, as nutrient utilization is greatly increased. 

(5) Tree thinning must necessarily be combined with 

fertilization. Thinning without fertilization and fertilization 

without thinning show the worst results. 

(6) In general, findings of this article can be used to improve 

approach of thinning treatment in the Leningrad or other 

regions in the North of Russian Federation. 
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NOMENCLATURE 

L large 

M Medium 

FW Firewood 

T Total 
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