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ABSTRACT 

The data on the species composition and productivity of the main forest resources 

are presented using the example of a region in the north-west of Russia. The subject 

of research is wood and non-wood resources of highly productive spruce forests. A 

comprehensive assessment of the main forest resources based on field data has been 

carried out. The wood reserves and volumes of non-timber forest products have been 

estimated - tree bark, tree greens, twig food, plants that have resource value as parts 

of the living ground cover. The valuation of different types of raw materials 

deposited in the forest ecosystem has been carried out. It has been established that 

the main part of the site’s resources are non-timber forest products. The share of 

timber in total amount of income ranges from 32 to 40%. Calculations show that the 

integrated harvesting of diverse forest resources can significantly reduce costs. This 

eliminates multiple visits to the forest area, which increases the conservation and 

sustainability of the ecosystem. When harvesting the available resources in winter, 

the income received will be 19% lower. The forest phytocenosis can undoubtedly be 

called a multifunctional natural factory, unique, first of all, because its products are 

ecologically clean and can be created without human participation and without any 

expenses. Such a factory produces not only wood, but also many other types of raw 

materials. 

 

Keywords: forest fund, spruce forest, forest raw materials, species composition, 

valuation. 

 

INTRODUCTION 

Forest resources are being studied more and more often by scientists from all over 

the world. The interest to them is conditioned not only by their value as natural 

exhaustible resources, but also by their poorly studied property of self-renewal. In 

addition, the most important property of most types of forest resources is the short 

cycle of full regeneration, i.e. the same forest area can be harvested annually without 

damaging the forest ecosystem (Vu Van Hung et al., 2016; Gryazkin et al., 2017; 
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Samsonova et al., 2017; Khetagurov et al., 2018; Gryazkin et al., 2019; Gryazkin et 

al., 2019).  

There are many publications on the diversity, importance and reserves of forest 

resources, but they are mostly expert estimates on species diversity and approximate 

stocks of certain types of forest resources (Egoshina et al, 2005; Nekrasova, 

2006;Cherkasov et al., 2006; Baginsky et al., 2007; Veprikova et al., 2012; Maznaya, 

2016; Khetagurov et al, 2018; Lung, 2001; Peter et al., 2003; Vasilev et al., 2003; 

Ajay, et al., 2005; Sharashkinetal., 2005; Nygrenetal., 2006; Liuetal., 2011; 

Kidaneetal., 2014; Enescu, 2017; Cioacă, Enescu, 2018).  

One of the most valuable products of the forest fund is birch sap and sap of other 

tree species (Vu Van Hung et al., 2016; Gryazkin et al., 2022; Gryazkin et al., 2023; 

Khetagurov et al., 2023). Today, a variety of birch bark products are widely used 

(Nekrasova, 2006; Veprikova et al., 2012; Gryazkin et al., 2019). Honey-bearing 

plants are often in the field of researchers' attention (Samsonova et al., 2017; 

Gryazkin et al., 2019; Gryazkin et al., 2022; Gavrilova et al., 2023; Paramonov et 

al., 2023).  

The use of medicinal and food plants occupies a special place in the general problem 

of harvesting forest resources both in Russia and in other countries (Wild useful 

plants..., 2001; Egoshina et al. 2005; Maznaya, 2016; Gryazkin et al., 2019; 

Mahmood et al., 2013; Kidaneet al., 2014; Enescu, 2017; Enescu et al., 2018). 

Attempts have been made to quantitatively and qualitatively assess the recreational 

resources of forest ecosystems (Voskoboynikova and Ivonin, 2017; Gryazkin et al., 

2017; Kochkin, 2019; Vasilev et al., 2003).  

An important direction for the rational use of the diversity of forest resources is 

integrated forest management, when several types of raw materials are harvested in 

one and the same forest area during one entry into the forest (Complex 

Productivity..., 2007; Khetagurov et al., 2018; Gryazkin et al., 2019; Nygren et al., 

2006; Liu et al., 2011; Kidane et al., 2014; Enescu, 2017; Cioacă, Enescu, 2018; 

Gryazkin et al., 2019). Multi-purpose use of forest resources – the basis for 

preserving the resource base.  

A new direction of integrated use of forest ecosystem resources is the creation of so-

called "agroforestry farms". Such farms produce not only agricultural products, but 

also many types of forest products (World Forestry Congress, 2003; Sharashkin et 

al., 2005; Andrew et al., 2006).  

The main problem of modern forest management practice is the lack of a universal 

methodology for assessing yields and stocks of various products, the lack of 

systematized data by region and forest conditions (Cherkasov et al., 2006; 

Samsonova et al., 2017; Gryazkin et al., 2019; Global Forest Resources Assessment, 

2001; Nygren et al., 2006; Kidane et al., 2014).  

The purpose of the work is a comprehensive assessment of wood and non-wood 

resources deposited in the forest fund on the example of a separate region in 

Northwestern Russia. 
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MATERIAL AND METHODS 

The most productive spruce forests growing in northwestern Russia (Saint-

Petersburg and Leningrad region) were selected as the objects of the study. These 

forest types belong to the greenmoss group of assotiations and are represented by 

bilberry-greenmoss (mirtyllus type) and bilberry-woodsour-greenmoss (oxalis type) 

assotiations. Such ecosystems predominate in the forest fund of the Leningrad 

region. The main characteristics of the experimental forest sites are presented in 

Table 1. 

 

Table 1. Сharacteristics of the forest stands on the objects of study 
(Abbreviations of tree species: Ns – Norway spruce (Picea abies (L.) H. Karst.), 

 Sp – Scots pine (Pinus silvestris L.), Wb – white birch (Betula pubescens Ehrh.),  

Ea – European aspen (Populus tremula L.), Ga – grey alder (Alnus incana L. Moench) 

Stand characteristics 
Quantitative indicators  

by objects of study 

Spruce forest type Oxalis type Myrtillus type 

Composition, % 84Ns8Wb6Ea2Sp 68Ns12Wb10Ga6Sp4Ea 

Relative completeness 0,8 0,6 

Canopy closure, % 0,84 0,64 

Average age, years 88 95 

Average diameter, cm 29,1 26,8 

Average height, m 27,9 25,0 

Bonitet class I II 

Trunk wood stock, m3/ha 375 244 

 

The wood stocks of all species within the stand were determined by means of tree 

numeration. Earlier publications analyzed data on the phytomass of birch and spruce 

(Gryazkin,1999; Gryazkin et al., 2019). 

In each forest type under study, 5 square-shaped sample plots of 50 m2 were laid out. 

Within these plots, stocks of resource species were determined, along with berry 

yields. For this purpose, circular survey plots with a radius of 1.785 m (10 m2) were 

used according to the original methodology (Gryazkin et al., 1999). 48 counting plots 

were laid in each experimental plot. In each square plot, all species of living ground 

cover, undergrowth and understorey were counted to determine occurrence and 

projective cover. Height, vital state, abundance and composition of undergrowth and 

understorey were determined. Stocks of marketable plant species were determined 

by cuttings. Berry yields were determined by single picking during their ripening 

period. Wholesale prices for resource types are given in accordance with the prices 

for 2021. Prices for medicinal herbs and medicinal raw materials were obtained 

through the official program - Search and order of medicines in pharmacies of St. 

Petersburg and Leningrad region, Information service "EKMI". Prices for berries 

were taken as average market prices, and for technical raw materials – from 

procurement offices on "agroserver.ru". Average prices of LLC "TransLes" and LLC 

"HasslacherLes" were used for timber. 
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RESULTS AND DISCUSSION 

Forest products are environmentally friendly products If in specialised shops eco-

products are sold products obtained with the use of special technologies, with the 

investment of large amounts of labour and money, then in forest ecosystems clean 

products are formed without human participation, without any expenses. A forest 

area is literally a unique production, a multifunctional natural factory. Such a factory 

produces not only wood, but also many other raw materials.  

The data in Table 1 reflect the different taxation characteristics as well as the species 

composition of the experimental plots: it can be seen that the stands have a mixed 

composition and are represented by different species. The number of trees by species 

and their main characteristics are shown in Table 2. 

 

Table 2. Main characteristics of wood species at experimental sites 

Tree 

species 

Number of trees, 

pcs/ha 
Dm, cm Hm, m M, m3/ha 

Oxalis 

type 

Myrtillus 

type 

Oxalis 

type 

Myrtillus 

type 

Oxalis 

type 

Myrtillus 

type 

Oxalis 

type 

Myrtillus 

type 

Betula 

pubescens 

Ehrh. 

32 47 27,9 26,8 25,3 23,0 20 31 

Picea abies 

(L.) 

H.Karst 

365 245 28,2 25,3 27,7 26,2 250 165 

Alnus 

incana (L.) 

Moench 

- 95 - 19,2 - 17,8 - 24 

Populus 

tremula L. 
20 12 30,6 30,0 27,9 25,8 99 15 

Pinus 

sylvestris 

L. 

5 16 29,7 32,7 28,1 25,5 6 17 

Total 422 403 - - - - 375 244 

 

It has been established that the total stock of wood, taking into account the tree spe-

cies and class of marketability, allows to get income from 201 thousand rubles/ha to 

248 thousand rubles/ha (Table 2). At the same time with timber harvesting it is 

possible to harvest bark of tree species. Bark can be used to produce tar and its 

derivatives (aspen and birch), tannins (spruce, alder) and dyes (alder). On average, 

the share of spruce bark from the total volume of the trunk is 12.5 %. Taking into 

account the average density of bark (310 kg/m3), in these spruce forests it is possible 

to harvest from 7383 to 8344 kg/ha. The volume of alder bark is set according to the 

standards for spruce bark. In total it is possible to get from 406065 to 522410 

rubles/ha from bark sales. Average prices for tanning raw material by species differ 

slightly, so the same price for bark of all tree species was used in the calculations.  
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Aspen bark is used for leather tanning, fodder additives (aspen fat), tar, composting 

raw material. The maximum profitability from the sale of aspen bark - raw material 

for tar, costing 110 rubles/kg (average price from procurement companies). 

Realization of aspen bark gives revenue from 46860 to 53170 rubles/ha.  

It is known that the mass of birch bark on one trunk of birch, on average, is 3.732 kg 

(Gryazkin et al., 2019). The wholesale price of 1 kg of birch bark is equal to 230 

rubles. Birch bark harvested in a spruce forest (with birch participation in the 

composition of the stand from 8 to 12 % by stock) can be sold for 32550-40343 

rubles/ha. When processing model birch trees, it was found that one birch tree has 

an average of 32 branches in its crown. In the summer period, when harvesting wood, 

after cutting off limbs and branches, it is possible to make birch brooms. On one 

broom, on average, two branches are used, so from one birch tree you can make 16 

brooms. The average price of one broom is 90 rubles. The total cost of such products 

will be from 31670 to 45120 rub./ha in spruce forest.  

When harvesting wood in winter, you can collect birch buds from birch branches, 

which are used as a medicinal raw materials. One birch branch has an average of 350 

buds. The mass of 1000 buds is 49.3±6.4 g. The number of buds is approximately 

equal to the number of leaves. The cost of birch buds is 700 rubles/kg, and the cost 

of all harvested raw materials will be from 15422 to 18130 rubles/ha.  

After harvesting the buds, birch branches can be used to make panicles for household 

needs. On average, three branches are consumed to make one broom. The average 

price of one broom is 52 rubles. The total amount of revenue can range from 21271 

to 25540 rubles/ha. A valuable raw material for obtaining a variety of biologically 

active products is woody greenery - shoots with leaves or needles. According to the 

data published earlier (Gryazkin, 1999), the crown of one spruce tree contains on 

average 43.1 kg of woody greenery, and one pine tree - 14.0 kg. The total stocks of 

woody greenery are: in the oxalis type of spruce forest – 15732 kg of spruce and 74 

kg of pine, in the myrtillus type of spruce forest - 10473 kg of spruce and 224 kg of 

pine. The cost of 1 ton of woody greenery averages 6.9 thousand/rub. The total cost 

of woody greenery of pine and spruce in the oxalis spruce forest is 109061 rubles/ha, 

and in the myrtillus spruce forest - 73809 rubles/ha.  

The undergrowth under the canopy of stands is also a source of raw materials and 

resources that participate in the formation of the upper storey. The composition of 

undergrowth is represented by the following species (Table 3). 

 

Table 3. Species composition and number of young trees at experimental sites, pcs/ 

ha 
Tree species Oxalis type Myrtillus type 

 Betula pubescens Ehrh. 33 8 

 Picea abies (L.) H.Karst 1436 2357 

 Acer platanoides L. 358 - 

Alnus incana (L.) Moench 702 919 

Populus tremula L. 660 60 

Pinus sylvestris L. 8 4 

Total 3197 3348 
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The phytomass accumulated in the undergrowth (Table 3) can be used as twig fodder 

(deciduous species), or as raw material for production of vitamin meal (coniferous 

species). Taking into account the number of deciduous undergrowth (from 993 to 

1686 specimens/ha), its average height (1.2 m) and average weight of one plant (0.36 

kg), the total stock of twig fodder from undergrowth will be from 357 to 907 kg/ha. 

The twig fodder can be sold at the price of 1910 rubles/t, therefore, the total cost of 

twig fodder from undergrowth growing under the canopy of spruce forests will be 

from 682 to 1732 rubles/ha.  

Coniferous undergrowth is a raw material for producing greenery. The average 

weight of woody greens in one plant is 0.63 kg. The total reserves of woody greens 

accumulated by the undergrowth ranges from 910 to 1488 kg/ha. Sales of woody 

greens from the undergrowth additionally gives from 6279 to 10267 rubles/ha.  

The understory under the canopy of spruce forests is represented by Daphne 

mezereum L., Lonicera xylosteum L., Salix caprea L., Viburnum opulus L., Frangula 

alnus Mill., Sorbus aucuparia L.. The number of understory on the experimental 

plots ranges from 3073 to 3595 pcs/ha. The number of understory by species is given 

in Table 4. 

 

Table 4. Species composition and number of undergrowth under the canopy of 

stands, pcs/ ha 
Species Oxalis type Myrtillus type 

Daphne mezereum L. 132 11 

Lonicera xylosteum L. 132 248 

Salix caprea L. 67 335 

Viburnum opulus L. 614 23 

Frangula alnus Mill. 774 492 

Sorbus aucuparia L. 1876 1987  

Total 3595 3073 

 

Both undergrowth and undergrowth can be used as twig fodder in equal proportion 

(Table 4). Taking into account the total number of plants suitable for twig fodder - 

2571 and 2689 eq/ha, the average height of the undergrowth (1.9 m) and the average 

mass of twig fodder per plant (0.66 kg), the total phytomass will be from 1697 to 

1775 kg/ha. The total sum from realization of twig fodder from undergrowth species 

will be 3241 and 3390 rubles/ha. 

The living ground cover under the canopy of highly productive spruce forests is 

represented by herbaceous plants, shrubs, semi-shrubs and mosses. A total of 30 

species of herbaceous-shrub vegetation were identified. Of these, 18 species are of 

resource importance. Food plants include 11 species, including berry plants – 5. 

Medicinal plants – 17, technical species (containing tannins and dyes) – 3, honey-

bearing plants – 16 species. 

In compliance with the established rules (Rules for harvesting..., 2020), food and 

medicinal plants can be harvested in the experimental sites in the following amounts 

Table 5 (kg/ha per season). 
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Table 5. Species composition and reserves of resource plants under the canopy of 

stands 

Species 
Reserves,  

kg/ha 

Value,  

rubles/ha 

Vaccínium vítis-idaéa L. 110 12100 

Veronica officinalis L., 21 2310 

Anemone nemorosa L. 19 2090 

Geranium sylvaticum L. 20 2200 

Geum urbanum L. 18 1980 

Angelica sylvestris L. 61 6710 

Hypericum maculatum Crantz. 9 990 

Fragaria vesca L. 8 880 

Chamaenerion angustifolium L. 26 2860 

Oxalis acetosella Kuntze 24 2640 

Rúbus saxátilis L. 70 7700 

Convallaria majalis L. 18 1980 

Potentilla erecta (L.) Raeusch. 11 1210 

Rubus idaeus L. 64 7040 

Melampyrum nemorosum L. 12 1320 

Pulmonária obscúra Dumort. 20 2200 

Aegopodium podagraria L. 56 6160 

Vaccínium myrtíllus L. 288 31680 

Total 855 94050 

 

Prices for food, medicinal and raw plants vary from 50 to 160 rubles/kg. For all plant 

species we used the average value of 110 rubles/kg in our calculations. The total 

income from the sale of medicinal plants can average 94050 rubles/ha.  

Under the canopy of spruce forests the yield of the presented berry species is average. 

Rúbus saxátilis L.and Vaccínium myrtíllus L. are more abundant, respectively 14.1 

and 47.3 kg/ha. Under these conditions yield of Vaccínium vítis-idaéa L. is about 8.9 

kg/ha, and yield of Fragaria vesca L. – 2.2 kg/ha (Table 6). 

 

Table 6. Вerry yield in experimental sites, kg / ha 
Name of species Value, 

rubles/kg 

Yield,  

kg/ha 

Total value, 

rubles/kg 

Vaccínium vítis-idaéa L. 290 8,9 2581 

Fragaria vesca L. 680 2,2 1496 

Rúbus saxátilis L. 290 14,1 4089 

Vaccínium myrtíllus L. 410 47,3 19393 

Total - 72,5 27559 

 
The total value of all types of berries that can be harvested in spruce forests averages 

27559 rubles/ha.  
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In general, taking into account the reserves and yields of the main types of resources 

and the season of harvesting, a forest area with a predominance of spruce in the 

composition of the stand can bring substantial income (Table 7). 

 

Table 7. Income from the sale of forest resources during complex harvesting, 

rub./ha under integrated harvesting 

 
Types of resources Winter Summer 

 Wood 224500 224500 

 Birch buds 16776 - 

 Birch brooms - 38395 

 Birch 36446 36446 

 Bark for tanning 116059 116059 

 Aspen bark 50015 50015 

 Twig fodder from trees - 4448 

 Twig fodder from undergrowth - 1207 

 Twig fodder from undergrowth - 3241 

 Brooms from felling residues 23406 - 

 Woody greenery (stand of trees) 93435 93435 

 Woody greens (undergrowth) 8273 8273 

 Medicinal and food plants - 97350 

 Berries - 27559 

 Total 568910 700928 

 Share of timber sales, % 39.5 32.0 

 

CONCLUSION 

The results of the calculations based on real field data show that integrated harvesting 

of diverse forest resources can significantly reduce costs. This eliminates multiple 

visits to the forest area, which increases the conservation and sustainability of the 

ecosystem. Winter harvesting of forest resources brings 19 % less income, but it 

allows to increase the employment of the population in the winter period, which is 

important for the population of remote settlements and villages of the forest zone. 

The cost of harvesting any type of raw material in the forest is always high and this 

explains the reason for the slow involvement of various forest products in the 

commodity turnover. With the integrated utilization of forest area resources, the 

economic performance of this activity improves significantly. Harvesting and 

processing of a wide range of forest by-products can be profitable. The above data 

show that the main part of the forest area resources is not timber, but non-timber 

resources, or forest by-products. The share of wood in the total income is, depending 

on the season of the year, 32-40 %. 
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