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Abstract 

  Over the past decade, there has been a rapid increase in coal production and intensity of mining activities, primarily due to 

the use of the open-pit method. This has led to a corresponding increase in the negative impact on natural ecosystems, which are 

characterized by a unique biodiversity. Mining is an anthropogenic activity that can have a serious impact on natural components. 

It is known that active, inactive or abandoned mines can have a significant impact on the soils, flora, fauna, landscape, historical 

and archaeological heritage, aquatic and atmospheric environments surrounding these territories. To reduce their carbon footprint, 

it is possible not only to modernize mining technologies, but also to use plants with a high ability to phytoremediation, capable of 

absorbing carbon dioxide and other pollutants from the soil and air.  
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1. Introduction 

The carbon footprint is the amount of carbon 

emissions into the atmosphere created by all human activities, 

including the burning of fossil fuels (oil, gas, coal), the 

production and use of chemicals, automobile traffic and the 

activities of various industries and agriculture [1]. The carbon 

footprint also refers to the excess amount of greenhouse gases 

in the atmosphere, which lead to a change in the Earth's 

climate [2]. The carbon footprint measure is usually 

expressed in carbon equivalent (CO₂e) and is used to assess 

and compare the contribution of various actions and sectors 

to total carbon emissions [3]. One of the main problems of 

greenhouse gases is the climate change of the planet. 

Greenhouse gases, including carbon dioxide (CO2), methane 

(CH4) and nitrogen oxide (N2O), trap heat in the atmosphere 

and create a greenhouse effect. This leads to global warming 

and changes in the weather and climate on Earth [4]. Several 

approaches can be used to determine the amount of 

greenhouse gases emitted by consumers or producers of 

goods and services [5]: emission inventory (collection of 

statistical data on greenhouse gas emissions during the 

production of goods and services, both as a result of 

measurement and as a result of emissions audit), life cycle 

analysis (LCA - a method for assessing potential 

environmental risks impacts of a particular product or service 

from its creation to the end of its life cycle, including 

production, transportation and disposal), material balance 

(analysis of calculations of the impact of a particular sector 

of the economy on climate change based on measuring 

incoming/outgoing flows of materials and energy), use of 

databases and models (use of specialized databases and 

models, which contain information on emissions from 

various manufacturing and consumer industries), social and 

economic studies (for a deeper understanding of the causes 

and factors affecting the consumption of goods and services, 

social and economic studies can be conducted to help assess 

the impact of changes in consumer behavior on the carbon 

footprint). The term "carbon footprint" is usually attributed to 

Rees [6], who studied ways to quantify impacts on various 

ecosystems (water, biodiversity, climate). It is considered to 

be the carbon footprint, which is expressed in the equivalent 

of carbon dioxide (CO2e), the totality of all greenhouse gas 
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emissions produced directly or indirectly as a result of human 

activity [7]. 

The carbon footprint concept is closely related to the 

concept of the carbon cycle, interest in which arose in the 90s 

of the last century, when the policies to reduce the carbon 

footprint started being developed [8]. The carbon cycle is a 

summary of all carbon transfers between the biosphere and 

the atmosphere, as well as greenhouse gas emissions from the 

use of fossil fuels as an energy source. The human factor has 

disrupted this cycle, and it has not stopped being in balance. 

As a result of the burning of fossil fuels, as well as the 

destruction of carbon-rich forests and their replacement with 

agricultural land, the concentration of CO2 is increasing. 

The purpose of this research was to study 

approaches to reducing the carbon footprint in the territories 

of mine dumps and mines in the process of biorecultivation. 

 

2. Methods 

2.1. Objects of research 

The research focused on the main methods and 

technologies for reducing the carbon footprint, primarily on 

technogenically disturbed lands of mines. 

 

2.2. Research methods 

The study was based on a bibliographic search and 

subsequent critical analysis of online resources and scientific 

manuscripts dedicated to solving environmental problems 

and reducing greenhouse gases on the lands of coal mining 

enterprises and mines. Materials from open Internet sources 

and the Elibrary and Scopus citation databases were used. 

Given the relevance of the topic of the carbon footprint 

impact, the depth of the search was limited mainly by the last 

five years and the usefulness of quoting some earlier works 

on specific issues of reducing carbon dioxide in the 

reclamation of technogenically disturbed lands was 

determined by the uniqueness and originality of the results 

presented in them. 

3. Results and discussion 

Plants use glucose C6H12O6 as a starting point for a 

variety of chemical components that make up biomass. Some 

of these biochemical products are short-lived and decompose 

in a few days, others are resistant to decomposition and can 

accumulate as a "carbon reserve" and persist for centuries [9]. 

During photosynthesis, water is split due to the 

energy received from sunlight, and oxygen is released into the 

atmosphere. [9]: 

Photosynthesis→6CO2+12H2O⇔C6H12O6+6CO2← 

←breath + fire 

The equation of photosynthesis is valid for breathing 

and fire, but in the opposite direction. 

If carbon sources and sinks were in equilibrium, then 

the concentration of C2O in the atmosphere would 

approximately remain constant from year to year. In the 

modern world, of every ton of CO2 emitted as a result of 

anthropogenic impact, some part remains in the atmosphere, 

another part dissolves in the ocean and is distributed in 

marine biota, and the third part is distributed in terrestrial 

biota through photosynthesis.  

In most organisms, including plants, carbon makes 

up about 50% of the dry mass. Но Ma et al. [10] found that 

for most plants this content is lower (on average 45±5%). 

Woody plants have a significantly higher carbon content than 

herbaceous crops, mainly in the range of 48-49%. Wood 

contains polymer lignin, which is 60% carbon. Non-woody 

vascular plants contain lignin in small amounts, the main 

structural material is cellulose, which is only 44% carbon. In 

this case, cellulose is easily broken down by a number of 

organisms, unlike lignin. Decay-resistant molecules are 

found in the cell walls of algae, plant cuticles, as well as in 

the walls of spores and pollen. These compounds have been 

preserved for thousands of years and can turn into fossils. The 

distribution of carbon stocks in terrestrial biosystems is 

shown in Table 1. 

 

Table 1. Distribution of terrestrial carbon stocks in major biomes 

Biome 
Area (10 6 

km2) 

Global Carbon Stocks (Gt C) 

Vegetation Soils Total 

Tropical forests 17.6 212 216 428 

Temperate forests 10.4 59 100 159 

Boreal forests 13.7 88 471 559 

Tropical savannas 22.5 66 264 330 

Temperate pastures 12.5 9 295 304 

Deserts and semi-deserts 30.0 8 191 199 

Tundra 9.5 6 121 127 

Wetlands 3.5 15 225 240 

Arable land 16.0 3 128 131 

Total 135.6 466 2011 2477 

Source: WBGU (1998). Die Anrechnung biologischer Quellen und Senken im Kyoto-Protokoll: Fortschritt oder Rückschlag für den 

globalen Umweltschutz. Sondergutachten 1998. Bremerhaven, Germany: WBGU. 

https://www.sciencedirect.com/science/article/pii/B9780128225622003662#bib15


International Journal of Chemical and Biochemical Sciences (IJCBS), 25(19) (2024): 629-639 

 

Ivanova et al., 2024     631 
 

The most cost-effective way to extract CO2 from the 

atmosphere is to plant trees and/or preserve existing plantings 

[11]. Currently, approximately 10.4×106 km2 (about 7.7% of 

the world's land area) is covered by temperate forests. 

Currently existing forests accumulate ~45% of organic 

carbon on land in their biomass and soils [12]. In total, 

existing mature and regenerating forest ecosystems absorb 

approximately 2 GtC (gigatons of carbon dioxide) annually, 

contributing significantly to the terrestrial carbon cycle [13]. 

Recent analysis has shown that an increase in forest 

plantation area by 0.9 billion ha could result in the 

sequestration of 205 GtC [14], which is about a third of the 

total anthropogenic emissions to date (≈ 600 GtC). However, 

it will take at least 100 years to achieve this [12]. Forest 

biomass can be preserved by burial, and the transformations 

caused in this case will lead to the formation of charcoal 

(biochar), which can be used on agricultural land to increase 

crop yields. The selection of ecologically sensitive plant 

species will help optimize ecosystem services in planted 

forests. The majority (more than 99%) of new plantations in 

the last half century have been monocultures [15]. 

Throughout the world, plantations are dominated by a few 

species of fast-growing trees, such as eucalyptus, pine, and 

poplar. However, there is evidence to suggest that greater 

diversity of tree species can contribute to increased carbon 

sequestration over the long term. Mixtures of different tree 

species often exhibit faster growth rates and better survival 

rates [16-19], which together enhance carbon uptake on a 

forest stand scale. Even in the absence of a significant 

correlation between species diversity and plant productivity 

[20-21], polycultures contribute to the development of other 

desirable ecosystem effects. In particular, greater species 

richness guarantees carbon capture regardless of annual 

climatic changes [22], and the landscape's resistance to 

destruction increases [23]. Species selection is crucial in the 

context of environmental restoration since previous land use 

and the identity of planted species interact, affecting the 

trajectory of restoration of territories, including forests [24]. 

Furthermore, native tree species have been associated with a 

higher level of plantation biodiversity compared to exotic 

species [25]. Examples of successful matching between 

species and sites can be found in two vastly different 

economic and geographical contexts: the British Isles 

(covering 4 million ha, or 10% of the total land area) and 

China (covering approximately 62 million ha, equivalent to 

about 1% of the country's land area) [26]. 

The fate of carbon sequestered by growing trees is 

an important factor in determining the amount of carbon 

captured by both natural forests and planted ones [27]. A 

portion of the carbon stored in tree biomass will eventually 

become part of the soil through the process of litter and root 

deposition, where it may remain for decades or even 

millennia [28]. Soil contains more carbon than both terrestrial 

vegetation and the atmosphere combined, so even minor 

changes in the size of this reservoir can have a significant 

effect on the extent of carbon uptake by forests. 

Reforestation, forestation, and land restoration efforts in 

general have been shown to contribute to the accumulation of 

additional carbon in soils over a period of ten years [29-30]. 

In this case, planting cultivated and/or wild grasses will 

increase the stability of carbon in the soil). 

It is known that the fate of plant-derived carbon in 

soils is largely determined by the physiology of decomposer 

microorganisms and their interaction with soil minerals [31-

32]. Carbon (Figure 1) enters the soil in the form of root 

secretions or as a result of decomposition of root or 

aboveground biomass; in soil, C is present in root or 

microbial biomass, in the form of bioavailable labile organic 

or in the form of more persistent carbon; carbon leaves the 

soil in the form of direct emissions or through root or 

microbial respiration, while microbial-mediated soil 

respiration is the main source of CO2 from terrestrial 

ecosystems; carbon is also lost from the ecosystem in the 

form of volatile organic compounds (VOCs) and methane 

(CH4) [33]. Improving soil quality contributes to the 

accumulation of carbon in it [28]. Fertilizers also affect the 

circulation and stabilization of organic substances in the soil 

[34]. Forests are widely recognized as the main carbon sink 

in terrestrial vegetation due to the absorption of huge amounts 

of carbon dioxide. It is known that trees and woody biomass 

play an important role in the global carbon cycle. Forest 

biomass accounts for more than 45% of terrestrial carbon 

stocks, while approximately 70% and 30% are contained in 

aboveground and underground biomass, respectively [35,36]. 

Woodlands outside forests have a significant distribution, but 

there is still little information about carbon stocks in these 

systems or their carbon sequestration potential [37,38]. It is 

known that when planting even with low density due to the 

large area occupied, the cumulative carbon accumulation in 

trees can be significant [39,40]. It is believed that only in 

aboveground biomass such trees accumulate 3-15 Mg/ha/year 

[41], which is comparable to other carbon sinks such as soil 

[42]. It has been established that the use of plantations of tree 

crops for carbon sequestration also leads to an increase in the 

level of sustainable development and mitigation of climate 

change [39,43-48]. In [43], the following carbon 

sequestration potential by monoplantations of some tree crops 

was determined: cocoa tree (age 21 years) - 65.0 tC/ha and 

3.1 tC/ha/year; oil palm (7) - 21.7 tC/ha and 3.1 tC/ha/year; 

oil palm (16) - 28.0 tC/ha and 1.8 tC/ha/year; oil palm (23) - 

45.3 tC/ha and 2.0 tC/ha/year; rubber tree (12) - 61.5 tC/ha 

and 5.1 tC/ha/year; rubber tree (44) - 213.6 tC/ha and 4.9 

tC/ha/year; orange tree (25) - 76.3 tC/ha and 3.1 tC/ha/year, 

aboveground and accumulation, respectively. As a rule, the 

ability of trees and shrubs to absorb and retain carbon is 

closely related to the accumulation of biomass, the amount of 

which increases on trees with age. The concept of "carbon 

uptake by forest plantations" is closely related to the concept 

of "agroforestry". In any interpretation, agroforestry defines 

two characteristics of ecosystems [49]: the deliberate 

cultivation of woody perennial plants on the same unit of land 

as crops and/or animals, or in any combination; there must be 

significant interaction between woody and non-woody 

components of the system, either ecological or economic. 

Agroforestry is an umbrella term for land use practices and 

technologies that involve the intentional integration of woody 

perennial plants (trees, shrubs, palm trees, bamboo, and 

others) with agricultural crops and/or animal husbandry on 

the same land, in a specific spatial arrangement or time 

sequence [49,50]. As a rule, agroforestry includes two or 

more species of plants (or plants and animals), at least one of 

which is a woody perennial; the cycle of the agroforestry 

system always exceeds one year; the agroforestry system 

always has two or more outputs, and even the simplest 

agroforestry system is more complex and efficient than the 

monoculture system [49].  
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Figure 1. The transfer of atmospheric CO2 into biotic and soil carbon (C) unites the plant ecosystem. 

Source: the figure by the authors, the scheme's idea [33]. 

 

 

 

Figure 2. The results of biological reclamation (planting in 2014) of the dump of the coal enterprise of the Kemerovo region - 

Kuzbass (photo from the KemSU collection). 
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Figure 3. The results of biological reclamation (planting in 2021) of the dump of the coal enterprise of the Kemerovo region - 

Kuzbass (photo from the KemSU collection). 
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Table 2. Carbon stocks and sequestration rates in various agroforestry systems of the world 

Region System Components Carbon stocks 

(MG/ha) 

Carbon 

sequestration rate 

(MG/ha/year) 

Sources 

Range Value 

Africa Faidherbia albida 

plantation 

- - - 0.22–0.77 [51,66] 

Home gardens - - - 0.4–0.8 [51,67] 

Brazil Cocoa with 

erythrina 

- - - 2.7 [51,68] 

Canada Trees of the 

protective belt 

Deciduous (green ash, Manitoba 

maple, hybrid poplar and 

Siberian elm) 

110–

367 

- - [51,69] 

Coniferous species (white 

spruce, Scots pine and Colorado 

spruce) 

107–

186 

- - [51,69] 

Shrubs (bird cherry, Manchurian 

lilac, buffalo grape, Caragana, 

and sea buckthorn) 

160–

387 

- - [51,69] 

Tree-based 

intercropping 

Hybrid poplar + barley - 78.5 - [70,71] 

Chilean 

Patagonia 

Silvopastoral - - 224 - [51,72] 

Claveria, 

Philippines 

The small-scale 

farming system 

Ground 3.9 - 

159.7 

0.3–

17.9 

- [51] 

Costa Rica Alley cropping 

system 

Erythrina poeppigiana (Walp.) 

O. F. Cook + maize and bean 

(Phaseolus vulgaris L.) 

- 162 - [70,73] 

Eastern 

Tanzania 

The system of 

rotational forest 

plots 

- 18–26 2.32–

5.10 

- [51,74] 

Europe Pinus radiata - 40.8–

102.4 

- - [51,75] 

Dehesa system - - 27–50 - [71,76] 

India Agri-silviculture Populus deltoides - - 12.0 [77,78] 

Agri-silviculture Dendrocalamus hamiltonii - - 15.9 [77,79] 

Plantation Eucalyptus hybrid - - 7.88 [77,80] 

Alley cropping Leucaena leucocephala - - 3.4 [77,81] 

USA Coastal buffers Ground 7.5–

269 

123 2.6 [51,82] 

Underground 2.0–

14.4 

4.6 - 

Soil 1.8–5.5 3.6 - 

Alley Ground 0.05–

96.5 

26.8 3.4 

Soil 0.05–

25 

6.9 - 

Wooded meadows Ground 1.17–

12.2 

4.9 6.9 

Soil 1.03–

1.38 

1.21 - 

Windbreaks Ground 0.68–

105 

- - 

Soil 23.1 - 6.4 

Hybrid poplar - 367.0 0.73 

White spruce - 186.0 - 
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In most cases, dwarf trees and shrubs predominate 

on degraded lands [51], which have little ecological and 

economic value; therefore, plantations of local and superior 

tree species are usually preferable on such lands to increase 

biomass production and higher carbon uptake, which is the 

ultimate goal of solving the problem of climate change 

[51,52]. The selection of suitable tree species is an important 

criterion that greatly affects the success of tree species 

plantings (afforestation). Evaluating the effectiveness of 

species in terms of growth, biomass production, and carbon 

stocks is also necessary for a successful plantation plan. It is 

known that Azadirachta indica, Acacia catechu and Emblica 

officinalis produced higher biomass and carbon reserves on 

dry degraded lands [53,54]. Thus, afforestation has the 

potential to produce more biomass, contributing to an 

increase in carbon stocks on degraded lands. On the contrary, 

land degradation reduces the carbon stock in vegetation due 

to poor survival and low biomass of tree species. Therefore, 

afforestation of degraded lands can potentially lead to an 

increase in the carbon concentration in the atmosphere and 

can become the main sink of CO2 if their potential is 

effectively used [55]. Kumar et al. [56] call for the 

development of agroforestry is essential for increasing 

resilience to climate change and promoting carbon 

sequestration in heavily degraded gorges/mines. Continuous 

annual efforts to selectively plant species and implement 

sustainable practices on degraded lands can balance and 

manage the global carbon cycle [51,57-59]. Tree planting is 

a viable option in situations where soils affected by 

salinization cannot be restored by conventional methods. In 

soils subject to salinization, due to lower plant growth, the 

carbon intake into the soil is very low, which is the main 

reason for the lower nutrient content in soils subject to 

salinization [60]. Some promising species for agroforestry are 

mesquite, acacia, Tamarix articulata and Casuarina 

equisetifolia. In soils with a high pH level, a forest pasture 

system based on P. juliflora-Leptochloa fusca has been 

recognized as promising for the sustainable production of 

fuelwood and feed [61]. Appropriate planting methods have 

been standardized for growing tree plantations on saline 

(subsurface planting, ridge-trench method, subsurface 

planting and furrow irrigation system) and sodic (ridge-trench 

method, auger method, quarry-auger method, quarry-

augermethod and furrow method) soils. Various agroforestry 

systems based on fruit trees and shrubs, bush beans and barley 

as auxiliary components have been recognized as feasible and 

profitable [62]. Table 2 provides information on carbon 

sequestration by plants in different regions. It is known [63] 

that the conversion of agricultural lands and pastures into 

agroforestry increases the organic carbon content in the soil 

by 34% (0-100 cm) and 10% (0-30 cm), respectively. Woody 

systems have a huge potential for biomass production and 

carbon storage compared to systems without woody 

perennials. Forests accumulate more carbon in their biomass 

than agroforestry systems and meadows, the stock of soil 

carbon in forest soils is higher than in pastures or 

agroforestry.  Forests and agroforestry can accumulate carbon 

in the range from 1.5 to 3.5 MG/ha/year [64-65]. In semi-arid, 

subhumid, humid and temperate regions, the average carbon 

uptake by agroforestry methods is estimated as 9, 21, 50 and 

63 MG/ha. In addition, agroforestry retains carbon reserves 

in the range of 213.8–220.8 tons of carbon/ha in Central 

America [66]. Thus, agroforest lands can be effective carbon 

sinks, provided they are properly designed and managed. 

Biomass, carbon stocks in biomass and in soil vary depending 

on vegetation type, age, density, soil type, soil organic 

carbon, topography, soil and climatic conditions of land use 

systems. 

When choosing plants that will absorb a larger 

volume of carbon dioxide, rapid growth is taken into account 

(high intensity of biomass accumulation); large leaves (large 

interaction surface allows to absorb large amounts of carbon 

dioxide from the air); high concentration of chlorophyll, 

which is responsible for photosynthesis; woody plants (large 

leaf surface, long life cycle allows to absorb significant 

amounts of carbon dioxide from the air); aquatic plants 

(algae, phytoplankton and marine plants absorb large 

amounts of carbon dioxide from the environment. The 

inclusion of such plants in an eco-environment with 

plantations can help increase the absorption of CO2. 

Examples of plants that absorb carbon dioxide well include 

oak and birch trees, fast-growing acacia and maple species, 

and bamboo. However, for specific plantations, experts in 

agriculture or botany should be contacted to determine the 

most suitable plants for a particular climate and conditions. 

For effective land reclamation, in addition to the 

formation of a plant biome, it is necessary to maintain the 

ecosystem as a whole, i.e. the formation of microbiota and fauna 

in the territories. To achieve maximum results in improving the 

ecological situation of the region, it is important to use a 

combination of land reclamation methods. The modern 

approach is based on the formation of stable self-sustaining 

woody-grass biota with high biological diversity and 

biological features of forest vegetation in the foreground that 

are maximally adapted to the conditions of man-made 

territories. Forest plantations are formed from a wide range 

of species of trees and shrubs from the composition of the belt 

vegetation. In addition to coniferous and deciduous crops, 

shade-tolerant species such as mountain ash (Sorbus 

sibirica), elderberry (Sambucus sibirica), acacia (Caragana 

arborescens), etc., forming the undergrowth of local tree 

species, are used as shrub layer. To activate the soil-forming 

process, it is recommended to plant perennial cereals, 

legumes, and complex-colored grasses during the formation 

of young plants [83]. Moreover, at the state level, forestry as 

a whole is considered as a technology to mitigate the effects 

of climate change. 

Currently, reforestation is the leading direction for 

the restoration of lands disturbed by the coal industry in the 

Kemerovo region – Kuzbass (Western Siberia, Russia). This 

area is the most economical and easiest to implement, and 

forest communities are the best at converting disturbed lands 

into productive habitats (Figures 2-3). The impact on the 

ecosystem through reforestation, the creation of plant 

communities on landfills is an important criterion for the 

restoration of technogenically disturbed lands [84]. Modern 

recommendations on forest reclamation are focused on the 

creation of monocultures that are insufficiently stable, do not 

create a nature-like structure of plant communities and are not 

stable for a long period of time [85]. The main forest-forming 

species on coal dumps are Betula pendula, Pinus sylvestris 

and Populus tremula. Related species are Acer negundo, 

Crataegus sanguinea, Hippophaë rhamnoides, Lonicera 

tatarica, Malus baccata, Padus avium, Rosa acicularis, Salix 

cinerea, Sambucus sibirica, Swidina alba and Ulmus pumila. 

More successful reforestation is achieved under favorable 
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environmental conditions (lowlands, northern slopes with a 

steepness of less than 15° or flat areas with a well-defined 

microrelief). Birch planting in general can be considered 

satisfactory on almost all dumps of the southern forest-steppe 

of the Kemerovo region. The abundance of renewal of the 

invasive species Acer negundo is maintained due to the 

constant introduction of seeds into landfills (most seedlings 

and young undergrowth of the plant die before reaching 

generative age) [84-88]. 

 

4. Conclusions 

The best way to capture carbon is to plant trees on 

abandoned lands avoiding grassy areas where there is a native 

biota that can be disturbed. Trees absorb carbon from the 

atmosphere during their growth and perform the function of 

draining harmful emissions. The disturbed territories of 

mines are perfect for this. Carbon farming efforts, such as 

nature restoration projects, can be more effective if 

monoculture is avoided and the focus on restoring 

biodiversity while absorbing carbon is made. 

The described decarbonization measures largely 

coincide with the measures of biorecultivation of 

technogenically disturbed lands of coal mines. The exception 

is aquatic plants that could be used in the flooding of spent 

quarries, which is not practiced in the coal mines of the 

Kemerovo region – Kuzbass. When choosing a planting 

material for coal dumps, as well as cultivated and wild plants 

for growing in experimental fields, traditional 

recommendations for the use of plants in biorecultivation 

were taken into account in combination with 

recommendations for measures to absorb carbon from the 

atmosphere.  

Funding: 

This research was funded by the RUSSIAN SCIENCE 

FOUNDATION and MINISTRY OF SCIENCE, HIGHER 

EDUCATION AND YOUTH POLICY OF KUZBASS, 

grant number 22-14-20011. 

 

 

Acknowledgements  

The authors express their gratitude for the help in collecting 

the material of Borovikova A.P. and Korotkikh P.S., 

employees of the scientific department of KemSU. 

References 

[1] S. Ivanova, A. Vesnina, N. Fotina, and A. Prosekov. 

(2022). An Overview of Carbon Footprint of Coal 

Mining to Curtail Greenhouse Gas Emissions. 

Sustainability. 14: 15135. 

https://doi.org/10.3390/su142215135. 

[2] S. Ivanova, E. Zhidkova, and A. Prosekov. (2023). 

Limiting the Carbon Footprint of an Enterprise: 

Calculation Methods and Solutions. Qubahan 

Academic Journal. 3(4): 51–61. 

https://doi.org/10.48161/qaj.v3n4a158. 

[3] J. Grace. (2024). The Carbon Cycle. In: S.M. 

Scheiner (ed.), Encyclopedia of Biodiversity (Third 

Edition), vol. 6. Academic Press: Amsterdam, 

Netherlands, pp.380-392. 

https://doi.org/10.1016/B978-0-12-822562-

2.00366-2. 

[4] S. Ma, F. He, D. Tian, et al. (2018). Variations and 

determinants of carbon content in plants: a global 

synthesis. Biogeosciences. 15: 693-702. 

[5] H. Ammitzboll, G.J. Jordon, S.C. Baker, et al. 

(2021). Diversity and abundance of soil microbial 

communities decline, and community compositions 

change with severity of post-logging fire. 

.Molecular Ecology. 30: 2434-2448. 

[6] R.A. Houghton, and A.A. Nassikas. (2017). 

Negative emissions from stopping deforestation and 

forest degradation globally. Global Change Biology. 

24: 350-359. 

[7] J.F. Bastin, Y. Finegold, C. Garcia, D. Mollicone, 

M. Rezende, D. Routh, et al. (2019). The global tree 

restoration potential. Science. 365: 76–79. 

[8] G.B. Bonan (2008). Forests and climate change: 

forcings, feedbacks, and the climate benefits of 

forests. Science. 320: 1444–1449.  

[9] T.A.M. Pugh, M. Lindeskog, B. Smith, B. Poulter, 

A. Arneth, V. Haverd, et al. (2019). Role of forest 

regrowth in global carbon sink dynamics. Proc. Natl. 

Acad. Sci. U.S.A. 116:4382–4387.  

[10] A. Abderrahmane, B. Yves, V. Osvaldo, M.G. 

Miguel, and C. Xavier. (2021). Forest Carbon 

Management: a Review of Silvicultural Practices 

and Management Strategies Across Boreal, 

Temperate and Tropical Forests. Current Forestry 

Reports. 7: 245–266. 

https://doi.org/10.1007/s40725-021-00151-w. 

[11] V.I. Ufimtsev. (2013). Problems of reforestation in 

Kuzbass. Bulletin of Irkutsk State University: 

Biology. Ecology. 3: 63–69. 

[12] A. Haase, D. Rink, K. Grossmann, M. Bernt, and V. 

Mykhnenko. (2014). Conceptualizing urban 

shrinkage. Environment and Planning A. 46(7): 

1519–1534.  

[13] A. Solovitskiy, O. Brel, A. Saytseva and P. Kaizer. 

(2018). Land-and-ecological problems of Kuzbass 

Mineral resources development. E3S Web of 

Conferences. 41: 02028. 

[14] K. Gawronski, K. Van Assche, and J. Hernik. 

(2010). Spatial planning in the United States of 

America and Poland. Infrastruktura i ekologia 

terenow wiejskich. 11: 53–69. 

[15] T.L. Staples, J.M. Dwyer, J.R. England, and M.M. 

Mayfield, (2019). Productivity does not correlate 

with species and functional diversity in Australian 

reforestation plantings across a wide climate 

gradient. Glob. Ecol. Biogeogr. 28: 1417–1429. 

[16] A. Osuri, A. Gopal, T.R. Shankar Raman, R. 

DeFries, S. Cook-Patton, and S. Naeem. (2020). 

Greater stability of carbon capture in species-rich 

natural forests compared to species-poor 

plantations. Environ. Res. Lett. 15:034011. 

[17] A. Paquette, A. Hector, B. Castagneyrol, M. 

Vanhellemont, J. Koricheva, M. Scherer-Lorenzen, 

et al. (2018). A million and more trees for science. 

Nat. Ecol. Evol. 2: 763–766.  

[18] R.G. César, V.S. Moreno, G.D. Coletta, R.L. 

Chazdon, S.F.B. Ferraz, D.R.A. De Almeida, et al. 

(2018). Early ecological outcomes of natural 



International Journal of Chemical and Biochemical Sciences (IJCBS), 25(19) (2024): 629-639 

 

Ivanova et al., 2024     637 
 

regeneration and tree plantations for restoring 

agricultural landscapes. Ecol. Appl. 28: 373–384.  

[19] L.L. Bremer, and K.A. Farley. (2010). Does 

plantation forestry restore biodiversity or create 

green deserts? A synthesis of the effects of land-use 

transitions on plant species richness. Biodiv. 

Conserv. 19: 3893–3915.  

[20] W.L. Mason, and J.J. Zhu (2014). Silviculture of 

planted forests managed for multi-functional 

objectives: lessons from Chinese and British 

experiences. In: T. Fenning (ed.), Challenges and 

Opportunities for the World’s Forests in the 21st 

Century Forestry Sciences. Springer: Dordrecht, pp. 

37–54. 

[21] B. Waring, M. Neumann, I.C. Prentice, M. Adams, 

P. Smith and M. Siegert. (2020) Forests and 

Decarbonization – Roles of Natural and Planted 

Forests. Front. For. Glob. Change. 3:58.  

[22] Hemingway, J.D., Rothman, D.H., Grant, K.E., 

Rosengard, S.Z., Eglinton, T.I., Derry, L.A., et al. 

(2019). Mineral protection regulates long term 

global preservation of natural organic carbon. 

Nature. 570: 228–231.  

[23] K.I. Paul, P.J. Polglase, J.G. Nyakuengama, and 

P.K. Khanna. (2002). Changes in soil carbon 

following afforestation. For. Ecol. Manage. 168: 

241–257.  

[24] L.E. Nave, G.M. Domke, K.L. Hofmeister, U. 

Mishra, C.H. Perry, B.G. Walters, et al. (2018). 

Reforestation can sequester two petagrams of 

carbon in US topsoils in a century. Proc. Natl. Acad. 

Sci. U.S.A. 115: 2776–2781.  

[25] C. Jansson, C. Faiola, A. Wingler, X.-G. Zhu, A. 

Kravchenko, M.-A. de Graaff, A.J. Ogden, P.P. 

Handakumbura, C. Werner and D.M. Beckles 

(2021). Crops for Carbon Farming. Front. Plant Sci. 

12: 636709. 

https://doi.org/10.3389/fpls.2021.636709. 

[26] J.A.J. Dungait, D.W. Hopkins, A.S. Gregory, and 

A.P. Whitmore. (2012). Soil organic matter turnover 

is governed by accessibility not recalcitrance. Glob. 

Change Biol. 18: 1781–1796. 

[27] M.F. Cotrufo, M.D. Wallenstein, C.M. Boot, K. 

Denef, and E. Paul. (2013). The Microbial 

Efficiency-Matrix Stabilization (MEMS) 

framework integrates plant litter decomposition 

with soil organic matter stabilization: do labile plant 

inputs form stable soil organic matter? Glob. 

Change Biol. 19: 988–995.  

[28] C. Averill and B.G. Waring (2018). Nitrogen 

limitation of decomposition and decay: how can it 

occur? Global Change Biol. 24: 1417–1427.  

[29] GOST 17.5.3.06-85. Nature conservation. Land. 

Requirements for determining the norms for 

removing the fertile soil layer during excavation. 

Available online: 

https://docs.cntd.ru/document/1200004381 

(accessed on 16 June 2024). 

[30] GOST 17.4.4.02–2017 Nature protection. Soils. 

Methods of sampling and preparation of samples for 

chemical, bacteriological, helminthological 

analysis. Available online: 

https://docs.cntd.ru/document/1200158951 

(accessed on 16 June 2024).  

[31] GOST R 58596-2019. The national standard of the 

Russian Federation. Soils. Methods for determining 

total nitrogen. Available online: 

https://docs.cntd.ru/document/1200168815 

(accessed on 16 June 2024). 

[32] B.P. Kolesnikov, and E.B. Terekhova. (1978). Sea 

buckthorn on industrial dumps. Plants and the 

industrial environment. 5: 61-67. (In Russian). 

[33] I.E. Korchagin, V.S. Kotova, A.N. Markovskaya, 

P.A. Martushov, R.A. Osipenko, and A.I. Petrov. 

(2022). The use of buckthorn buckthorn (Hippophaë 

rhamnoides L.) in the reclamation of disturbed 

lands. Forests of Russia and their management. 

4(83): 30-37. (In Russian). 

[34] P.K.R. Nair, V.D. Nair, B.M. Kumar, and J.M. 

Showalter. (2010). Carbon sequestration in 

agroforestry systems. In: D.L. Sparks, S.H. du Pont 

(eds.), Advances in agronomy, vol. 108, chap. 5. 

Elsevier: Amsterdam. 

[35] K. Suyah, M. Cbow, G.W. Sileshi, M. van 

Noordwijk, K.L. Tully, and T.S. Rosenstock, 

(2016). Quantifying Tree Biomass Carbon Stocks 

and Fluxes in Agricultural Landscapes. In: T. 

Rosenstock, M. Rufino, K. Butterbach-Bahl, L. 

Wollenberg, M. Richards, (eds.), Methods for 

Measuring Greenhouse Gas Balances and 

Evaluating Mitigation Options in Smallholder 

Agriculture. Springer: Cham. 

https://doi.org/10.1007/978-3-319-29794-1_6. 

[36] R. Kongsager, J. Napier, and O. Mertz. (2013). The 

carbon sequestration potential of tree crop 

plantations. Mitig Adapt Strateg Glob Change. 18: 

1197–1213.  

[37] J.M. Ayers and S. Huq. (2009). The value of linking 

mitigation and adaptation: a case study of 

Bangladesh. Environ Manage. 43:753–764. 

[38] K. Halsnæs, and J. Verhagen. (2007). Development 

based climate change adaptation and mitigation 

conceptual issues and lessons learned in studies in 

developing countries. Mitig Adapt Strat Glob 

Chang. 12: 665–684. 

[39] R.J.T. Klein, E.L. Schipper, and S. Dessai. (2005). 

Integrating mitigation and adaptation into climate 

and development policy: three research questions. 

Environ Sci Pol. 8: 579–588. 

[40] R.J.T. Klein, S. Huq, F. Denton, T.E. Downing, R.G. 

Richels, J.B. Robenson, and F.L. Toth. (2007). Inter-

relationships between adaptation and mitigation. 

Climate Change 2007: Impacts, Adaptation and 

Vulnerability. Contribution of Working Group II to 

the Fourth Assessment Report of the 

Intergovernmental Panel on Climate Change. 

Cambridge University Press, Cambridge, UK. 

[41] R.S.J. Tol. (2005). Adaptation and mitigation: trade-

offs in substance and methods. Environ Sci Pol. 8: 

572–578. 

[42] P.K.R. Nair, B.M. Kumar, and V.D. Nair. (2021). 

Definition and Concepts of Agroforestry. In: An 

Introduction to Agroforestry. Springer: Cham. 

https://doi.org/10.1007/978-3-030-75358-0_2. 



International Journal of Chemical and Biochemical Sciences (IJCBS), 25(19) (2024): 629-639 

 

Ivanova et al., 2024     638 
 

[43] B.O. Lundgren, and J.B. Raintree. (1982). Sustained 

agroforestry. In: B. Nestel (ed.), Agricultural 

research for development: potentials and challenges 

in Asia. ISNAR: The Hague, pp. 37–49. 

[44] G. Bentrup, M. Schoeneberger, T. Patel-Weynard, 

S. Jose, and TH.. Karel. (2017). Introduction. In: 

Agroforestry: enhancing resiliency in U.S. 

agricultural landscapes under changing conditions. 

USDA Forest Service Ge. Tech. Report WP-96, pp 

1–6. 

[45] P.K.R. Nair, B.M. Kumar, and V.D. Nair. (2021). 

Classification of Agroforestry Systems. In: An 

Introduction to Agroforestry. Springer: Cham. 

https://doi.org/10.1007/978-3-030-75358-0_3. 

[46] R. Kumar, A. Singh, A. Datta, R.P. Yadav, D. 

Dinesh, and K. Verma, (2022). Carbon 

Sequestration in Degraded Lands: Current 

Prospects, Practices, and Future Strategies. In: R.S. 

Meena, C.S. Rao, A. Kumar (eds.), Plans and 

Policies for Soil Organic Carbon Management in 

Agriculture. Springer: Singapore. 

https://doi.org/10.1007/978-981-19-6179-3_9. 

[47] A.K. Parandiyal, A. Kumar, A. Prasad, and K.D. 

Singh. (2006). Study of tree crop association under 

boundry plantation system in south eastern 

Rajasthan. Abs. In: National symposium for 

livelihood security, environmental protection and 

biofuel production (23–25 December 2006). NRC 

Agroforestry: Jhansi, India, pp 16–18. 

[48] C. Singh, K.S. Dadhwal, R.C. Dhiman, and R. 

Kumar. (2012). Management of degraded bouldery 

riverbed lands through paulownia based 

silvipastoral systems in Doon Valley. Indian For. 

138(3): 243–247. 

[49] G. Singh, A.U. Khan, A. Kumar, N. Bala, and U.K. 

Tomar. (2012). Effects of rainwater harvesting and 

afforestation on soil properties and growth of 

Emblica officinalis while restoring degraded hills in 

western India. African J Environ Sci Technol. 6(8): 

300–311. 

[50] C. Návar, and J. de J. (2008). Carbon fluxes 

resulting from land-use changes in the Tamaulipan 

thornscrub of northeastern Mexico. Carbon Balance 

Manage. 3(6): 1–11. 

[51] L. Deng, Q.S. Han, C. Zhang, Z.S. Tang, and Z.P. 

Shangguan. (2017). Above-ground and below-

ground ecosystem biomass accumulation and 

carbon sequestration with CaraganakorshinskiiKom 

plantation development. Land Degrad Dev. 28(3): 

906–917. 

[52] H. Mehta, R. Kumar, M.A. Dar, G.P. Juyal, S. Patra, 

S. Dobhal, A.C. Rathore, R. Kaushal, and P.K. 

Mishra. (2018). Effect of geojute technique on 

density, diversity and carbon stock of plant species 

in landslide site of North West Himalaya. J Mt Sci. 

15(9): 1961–1971. 

[53] P.S. Minhas, A. Bali, A.K. Bhardwaj, A. Singh, and 

R.K. Yadav. (2021). Structural stability and 

hydraulic characteristics of soils irrigated for two 

decades with waters having residual alkalinity and 

its neutralization with gypsum and sulfuric acid. 

Agric Water Manage. 244: 106609. 

[54] F. Montagnini, and P.K.R. Nair. (2004). Carbon 

sequestration: an underexploited environmental 

benefit of agroforestry systems. In: P.K.R. Nair, 

M.R. Rao, L.E. Buck (eds.). New vistas in 

agroforestry. Springer: Dordrech, pp 281–295. 

[55] R.P. Udawatta, and S. Jose. (2011). Carbon 

sequestration potential of agroforestry practices in 

temperate North America. In: P. Nair, B. Kumar 

(eds.). Carbon sequestration potential of 

agroforestry systems. Springer: Dordrecht, pp 17–

42. 

[56] J. Kort, and R. Turnock. (1998). Carbon reservoir 

and biomass in Canadian prairie shelterbelts. 

Agrofor Syst. 44(2): 175–186. 

[57] A.G. Fontes. (2006). Nutrient cycling in cacao 

agroforestry systems in south of Bahia, Brazil. Ph.D. 

dissertation. North Fluminense State University: RJ, 

Brazil, p 71. 

[58] M.R. Mosquera-Losada, D. Freese, and A. Rigueiro-

Rodríguez. (2011). Carbon sequestration in 

European agroforestry systems. In: B. Kumar, P. 

Nair (eds.), Carbon sequestration potential of 

agroforestry systems. Springer: Dordrecht, pp. 43–

59. 

[59] P.L. Woomer, A. Touré, and M. Sall. (2004). 

Carbon stocks in Senegal’s Sahel transition zone. J 

Arid Environ. 59(3): 499–510. 

[60] Ivanova, A. Vesnina, N. Fotina, and A. Prosekov. 

(2023). Influence of Coal Mining Activities on 

Soil’s Agrochemical and Biochemical Properties. 

Qubahan Academic Journal. 3(4): 387–399. 

https://doi.org/10.58429/qaj.v3n4a229. 

[61] N.H. Batjes. (2004). Estimation of soil carbon gains 

upon improved management within croplands and 

grasslands of Africa. Environ Dev Sustain. 6(1): 

133–143. 

[62] FR.1.31.2020.37606. A method for measuring the 

mass fraction of elements (with possible conversion 

to the mass fraction of compounds) in solid objects 

by inductively coupled plasma atomic emission 

spectrometry. Available online: 

https://docs.cntd.ru/document/437258855 (accessed 

on 16 June 2024). 

[63] FR.131.2005.02119-MU 31-11/05. Quantitative 

chemical analysis of soil samples, greenhouse soils, 

sapropels, silts, bottom sediments, solid waste. The 

method of measuring mass concentrations of zinc, 

cadmium, lead, copper, manganese, arsenic, 

mercury by inversion voltammetry on TA type 

analyzers. Available online: 

https://docs.cntd.ru/document/437206179 (accessed 

on 16 June 2024). 

[64] MON F 16.1:2.3:3.11-98. Quantitative chemical 

analysis of soils. A technique for measuring the 

metal content in solid objects by inductively coupled 

plasma spectrometry. Available online: 

https://ohranatruda.ru/upload/iblock/19e/42937775

93.pdf (accessed on 16 June 2024). 

[65] MON F 16.1:2:2.2.80-2013. Quantitative chemical 

analysis of soils. The method of measuring the mass 

fraction of total mercury in samples of soils, soils, 

including greenhouses, clays and bottom sediments 

by atomic adsorption method using the mercury 



International Journal of Chemical and Biochemical Sciences (IJCBS), 25(19) (2024): 629-639 

 

Ivanova et al., 2024     639 
 

analyzer RA-915M. Available online: 

https://docs.cntd.ru/document/437170371 (accessed 

on 16 June 2024). 

[66] F. Montagnini, and P.K.R. Nair. (2004). Carbon 

sequestration: an underexploited environmental 

benefit of agroforestry systems. Agrofor. Syst. 61: 

281-295. 

[67] J.M. Roshetko, R.D. Lasco, and M.S.D. Angeles. 

(2007). Smallholder agroforestry systems for carbon 

storage. Mitigation Adapt. Strategies Global 

Change. 12: 219-242. 

[68] F. Dube, N.V. Thevathasan, E. Zagal, A.M. Gordon, 

N.B. Stolpe, and M. Espinosa. (2011). Carbon 

sequestration potential of silvopastoral and other 

land use systems in the Chilean Patagonia. In: B. 

Kumar, P. Nair (eds.), Carbon sequestration 

potential of agroforestry systems. Springer: 

Dordrecht, pp. 101–127. 

[69] S.G. Brakas, and J.B. Aune. (2011). Biomass and 

carbon accumulation in land use systems of 

Claveria, the Philippines. In: B. Kumar, P. Nair 

(eds.), Carbon sequestration potential of 

agroforestry systems. Springer: Dordrecht, pp. 163–

175. 

[70] P.K.R. Nai, V.D. Nair, B.M. Kumar, and J.M. 

Showalter. (2010). Carbon Sequestration in 

Agroforestry Systems. In: D.L. Sparks (ed.), 

Advances in Agronomy, vol. 108. Elsevier: UK, pp. 

237-307. 

[71] M. Peichl, N. Thevathasan, A.M. Gordon, J. Huss, 

and R.A. Abohassan. (2006). Carbon sequestration 

potentials in temperate tree-based intercropping 

systems, Southern Ontario, Canada. Agroforest. 

Syst. 66: 243–257. 

[72] Planting trees reduces carbon and restores 

biodiversity. Available online: 

https://limnews.com/news/2023-11-24-planting-

trees-reduces-carbon-and-restores-

biodiversity.ryWcyjRNa.html (accessed on 16 June 

2024). 

[73] M. Oelbermann, R.P. Voroney, N.V. Thevathasan, 

A.M. Gordon, D.C.L. Kass, and A.M. Schlonvoigt, 

(2006). Soil carbon dynamics and residue 

stabilization in a Costa Rican and southern Canadian 

alley cropping system. Agroforest. Syst. 68: 27–36. 

[74] J. Koskela, P. Nygren, F. Berninger, and O. 

Luukkanen. (2000). Implications of the Kyoto 

Protocol for tropical forest management and land 

use: prospects and pitfalls. Tropical Forestry 

Reports 22. University of Helsinki, Department of 

Forest Ecology: Helsinki.  

[75] R.P. Yadav, B. Gupta, V.S. Meena et al. (2023). 

Toward the tree-based ecosystems for carbon 

sequestration In: S.K. Meena, A. De Oliveira 

Ferreira, V.S. Meena, A. Rakshit, R.P. Shrestha, 

Ch.S. Rao, K.H.M Siddique (eds.), Agricultural Soil 

Sustainability and Carbon Management. Academic 

Press: London, UK, pp. 129-162. 

[76] Howlett, D. (2009). Environmental Amelioration 

Potential of Silvopastoral Agroforestry Systems in 

Spain: Soil Carbon Sequestration and Phosphorus 

Retention. Ph.D. diss., University of Florida: 

Gainesville, FL. 

[77] S.B. Chavan, R.S. Dhillon, C. Sirohi, A.R. Uthappa, 

D. Jinger, H.S. Jatav, A.R. Chichaghare, V. Kakade, 

V. Paramesh, S. Kumari, et al. (2023). Carbon 

Sequestration Potential of Commercial Agroforestry 

Systems in Indo-Gangetic Plains of India: Poplar 

and Eucalyptus-Based Agroforestry Systems. 

Forests. 14: 559. https://doi.org/10.3390/f14030559. 

[78] P. Singh, and L.S. Lodhiyal. (2009). Biomass and 

carbon allocation in 8-year-old poplar (Populus 

deltoides Marsh.) plantation in Tarai agroforestry 

system of central Himalaya, India. N. Y. Sci. J. 2: 

49–53.  

[79] R. Kaushal, S.K. Tewari, R.L. Banik, and S. 

Chaturvedi. (2014). Growth, Biomass Production 

and Soil properties under different bamboo Species. 

In: Proceedings of the ISTS-IUFRO Conference on 

Sustainable Resource Management for Climate 

Change mitigation and Social Security, Chandigarh, 

India (13–14 March 2014). 

[80] N.R. Joshi, A. Tewari, and V. Singh. (2013). 

Biomass and carbon accumulation potential towards 

climate change mitigation by young plantations of 

Dalbergiasissoo Roxb. and Eucalyptus. hybrid in 

Terai Central Himalaya, India. Am. J. Res. 

Commun. 1: 261–274. 

[81] R.K. Kanuja, and A.K. Bhatia. (2007). Leucaena 

leucocephala alley cropping: Biomass and carbon 

stock in Kanpur, Uttar Pradesh. Ind. J. For. 30: 425–

432. 

[82] A.A. Kimaro, M.E. Isaac, and S.A.O. Chamshama. 

(2011). Carbon pools in tree biomass and soils under 

rotational woodlot systems in eastern Tanzania. In: 

B. Kumar, P. Nair (eds.) Carbon sequestration 

potential of agroforestry systems. Springer: 

Dordrecht, pp. 129–143. 

[83] X. Liu, S. Trogisch, J.S. He, P. Niklaus, H. 

Bruelheide, Z. Tang et al. (2018). Tree species 

richness increases ecosystem carbon storage in 

subtropical forests. Proc. R. Soc. B. 285: 20181240. 

https://doi.org/10.1098/rspb.2018.2090. 

[84] J.D. Nichols, B. Mristow, and J.K. Vanclay. (2006). 

Mixed-species plantations: prospects and 

challenges. For. Ecol. Manage. 233: 383–390. 

[85] A. Paquette, and C. Messier. (2011). The effect of 

biodiversity on tree productivity: from temperate to 

boreal forests. Glob. Ecol. Biogeogr. 20: 170–180.  

[86] J. Liang, T.W. Crowther, N. Picard, S. Wiser, M. 

Zhou, G. Alberti, et al. (2016). Positive biodiversity-

productivity relationship predominant in global 

forests. Science. 354:aaf8967. 

https://doi.org/10.1126/science.aaf8957. 

[87] J.J. Grossman, M. Vanhellemont, N. Barsoum, J. 

Bauhus, H. Bruelheide, B. Castagneyrol, et al. 

(2018). Synthesis and future research directions 

linking tree diversity to growth, survival, and 

damage in a global network of tree diversity 

experiments. Environ. Exp. Bot. 152: 68–89. 

[88] S. Ratcliffe, C. Wirth, T. Jucker, F. van der Plas, M. 

Scherer-Lorenzen, K. Verheyen, et al. (2017). 

Biodiversity and ecosystem functioning relations in 

European forests depend on environmental context. 

Ecol. Lett. 20: 1414–1426. 

 


