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Abstract – Climate change mitigation and adaptation are essential issues at many summit meetings. Environmental assessment 

is a possible tool to describe the potential sequestration of carbon and greenhouse gas emissions. The forest carbon stock and life 

cycle assessment approach was used here to analyze poplar plantations in Hungary. This study aims to describe the research 

trends of environmental assessment of poplar plantations in Hungary using VOSviewer software. A total of 1,528 documents 

from the Scopus database were used in this research. VOSviewer analysis was conducted to detail the bibliometric maps from 

generic ("forest" OR "forestry" AND "Hungary"), medium ("poplar" AND "Hungary"), and specific ("poplar" AND "carbon" 

AND "Hungary" / ("poplar" AND "life cycle assessment") OR ("LCA" AND "Hungary"). The findings show that the number of 

documents on forest research in Hungary has increased significantly since the 2000s. However, items on environmental 

assessment, either forest carbon or life cycle assessment, produced only a tiny number with weak links. 

In conclusion, i). the large number of collected documents produced more clusters; ii). The item of Hungary is the most frequently 

used keyword in the research article; and iii). The research theme of environmental assessment (carbon sequestration and life 

cycle assessment) of poplar plantations in Hungary is the continuing lack of knowledge. Furthermore, the research on biodiversity 

and climate change mitigation (carbon stock and sequestration) were prominent topics that many researchers do. In the future, 

research on climate change mitigation through the life cycle assessment to analyze global warming potential (GWP) from forestry 

activities is a prospective research topic to enrich the study on poplar bioenergy plantations. 
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1. INTRODUCTION 

 
Climate change and the transition to renewable energy are 

essential topics at many summit meetings because rising 

temperatures contribute to global warming. In 2020, the 

temperature was 1.2 ± 0.1 oC above the temperature baseline 

of 1850–1900 (World Meteorological Organization, 2021). 

The IPCC (2014) reported that the temperature increase will 

affect communities worldwide due to extreme weather. The 

impacts of extreme weather, such as droughts, heavy rain, and 

floods, are forest fires, decreasing agricultural yields, and 

hydrometeorological disasters. 
 

Agriculture, forestry, and other land use contribute around 

25% of total greenhouse gas emissions to the atmosphere 

(FAO, 2019). Globally, human activities in agriculture have 

released around 25% CO2, 50% CH4, and 70% N2O 

(Hutchinson et al., 2007). Furthermore, the FAO (2019) 

indicated that rehabilitating degraded soil, reducing 

deforestation, and rehabilitating degraded forests can cut 
emissions of around 51 and 5 Giga tonnes of CO2 equivalent 

from the atmosphere. 

 

However, the forest also plays an essential role in absorbing 

CO2 from the atmosphere through photosynthesis. For 

instance, the mangrove forest can absorb more CO2 from the 

atmosphere than other terrestrial ecosystems (Murdiyarso et 

al., 2015). Moreover, the energy transition from fossil fuels to 

bioenergy can be supported by bioenergy forest plantation 

(poplar, willow, black locust, and other fast-growing species) 
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through a carbon neutrality scheme. Therefore, it is important 

to analyze forests through environmental assessment 

regarding their ability to release and absorb emissions. 

 

In Hungary, developing short rotation coppice (SRC) 

bioenergy plantations, such as black locust, willow, and 

poplar, is essential to support renewable energy sources and 
climate change mitigation. The total area of poplar forest, 

either native or hybrid poplars, was around 10% of the total 

forest area (National Food Chain Safety Office, 2016). 

Furthermore, poplar hybrids are tolerant to low-quality land 

and some critical limiting factors (temperature and water 

supply) and provide economic benefits (Schiberna et al., 

2021). 

 

Environmental assessment in bioenergy forest plantations is 

necessary to understand the research trends in the past, 

present, and prospective research in the future. The prominent 
method to get information on research trends is bibliometric 

analysis. Bibliometric analysis is an approach to evaluate and 

examine a literature database (Broadus, 1987), and the output 

is a visualization of research trends and prospective research 

themes. Bibliometric analysis has been used in various 

aspects of science to analyze quantitative and qualitative 

research performance (Ellegaard and Wallin, 2015). 

Generally, the literature data for bibliometric analysis are 

collected from Google Scholar, Scopus, and the Web of 

Science. 

 

Bibliometric analysis in the forestry sectors has been applied 
to describe specific research trends, such as ecosystem 

services (Di Franco et al., 2021; Zhang et al., 2019), forest 

degradation (Aleixandre-Benavent et al., 2018), agroforestry 

practices (Leal et al., 2019), climate change (Araujo et al., 

2023; Nam et al., 2022; Zhang et al., 2022), forestry big data 

(Gao et al., 2022), and forest bioeconomy (Jankovský et al. 

2021; Verma and Ghosh, 2023). Analyzing and mapping the 

bibliography can also use software such as the Bibliometrix 

R package (Gao et al., 2022; Zhang et al., 2022), Citespace 

(Li et al., 2022; Xie et al., 2023), and VOSviewer (Cheng et 

al., 2021; Hamidah et al., 2020; Singh, 2022; Soegoto et al., 
2022). Each software package has advantages and 

disadvantages; therefore, the researcher's preference is 

essential in choosing the suitable bibliography analysis 

software. The research objective was to describe the research 

trends in the forests and environmental assessment of poplar 

plantations in Hungary. 
 

2. MATERIALS AND METHODS 

 

2.1.  Literature selection 

 
We downloaded the articles from the Scopus database on 

March 21, 2023. The articles in the Scopus database have all 

been published in reputable scientific journals. The Scopus 

database is well-known in the scientific works conducting 

comprehensive peer-viewed content (Hamidah et al., 2020; 

Klapka and Slabý, 2020). Furthermore, Klapka and Slabý 

(2020) explained that the Scopus database also provides 

metadata on publications. 

To retrieve the selected literature, we used a keyword string 

from general to specific (Figure 1.). First, we used the 

keywords "forest" OR "forestry" AND "Hungary" applied to 

the criteria "titles, keywords, and abstract." We did not use 

the period limitation because we wanted to analyze the 

pattern of publications from the first publication until now. 

The search profile used in the Scopus database was TITLE-
ABS-KEY((forest*) AND (Hungary)) and found 1,528 

documents. 

 

Second, we used the keywords "poplar" AND "Hungary." The 

poplar species in Hungary is of interest as a potential 

bioenergy source. Screening related articles, more 

specifically, will be helpful in data analysis (Cosofret and 

Bouriaud, 2019). The query string used in the Scopus 

database was TITLE-ABS-KEY((poplar) AND (Hungary)) 

and found 109 documents. 

 
Finally, we focussed on the environmental assessment of 

poplars in Hungary using the keywords "poplar" AND 

"carbon" AND "Hungary" to retrieve information on the 

potential of poplars to absorb carbon dioxide from the 

atmosphere. However, poplar plantations also negatively 

impact the environment through global warming potential, 

acidification, eutrophication, and ozone depletion (Polgár et 

al., 2018). We then used the keywords "LCA" OR "life cycle 

assessment" AND "poplar" AND "Hungary" to obtain 

appropriate literature related to the potential negative impacts 

of poplar plantations on the environment. 

 

2.2. Visualization using VOSviewer software 

 
The selected literature from the Scopus database was 

downloaded and saved in *.ris and *.csv format. The *.ris 

format is used for visualization in VOSviewer software, while 

the *.csv format is used for publication growth analysis 

through Microsoft Excel 365. Analysis of the publication 
growth in a certain period aims to determine whether the 

research is increasing or decreasing. The publication growth 

can also be seen as the trend of researchers' preference for 

specific topics. Furthermore, the *.csv format can also be 

utilized to get information on the most influenced articles. 

The most influenced articles show a high number of citations 

by other articles. 

 

This research is the latest VOSviewer version 1.6.19, released 

on January 23, 2023 (van Eck and Waltman, 2023). For 

example, Zhang et al. (2019) revealed the research trends on 
ecosystem services, Hamidah et al. (2020) analyzed the 

COVID-19 research trends, Soegoto et al. (2022) described 

the bioenergy management in Indonesia, and Araujo et al. 

(2023) reviewed the biomass and carbon stock in the Amazon 

rainforest. In the VOSviewer, we conducted a co-occurrence 

analysis for keywords to determine the prominence items. 

Prominence items have shown a high value on total strength 

links, occurrences, and links. In the visualization, the 

prominence items were indicated by larger circles and thicker 

links.
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Figure 1. Literature selection from the Scopus database 
 

3. RESULT AND DISCUSSION 

 

3.1.  Research trends of forests in Hungary 

 
In the period 1936–2023 (March), we found 1,528 articles 

related to "forest" OR "forestry" AND "Hungary." Generally, 

for the period 1936–1980, the number of publications was flat 

at around 1–2 articles/year and then increased gradually until 

1990 and increased significantly after 1990 (Figure 2). 

Referring to Xie et al. (2023), the research trends can be 

divided into the initial, rapid, and deep development stages 

based on annual publication numbers. In this research, the 
initial stage was the period 1936–1980, the development 

stage was 1980-1990, and the rapid publication stage was 

1990–2023. 

 

Based on Figure 2, the first article on forests and Hungary 

indexed in the Scopus database was in 1936. For almost 25 

years, there were no articles on forests and Hungary. Since 

1961, the number of articles indexed by Scopus increased 

smoothly. The significant increase happened in the 2000s and 

peaked in 2013 with 100 articles. Similar trends can also be 

seen in life cycle sustainability analysis, where articles 
increased significantly from 2010 to 2022 (Biró and 

Szalmáné Csete, 2023). 

 

Research topics on forest in Hungary were varied from 2010 

to 2023 (March). In this bibliometric analysis, we did not 

make a systematic content analysis. However, based on the 

retrieved database has shown that climate change mitigation 

and adaptation issues were the dominant topic. Research on 

climate change mitigation is a multidisciplinary and 

interdisciplinary field that covers a wide range of subjects 

(environmental sciences, ecology, forestry, environmental 

science, soil science, biodiversity and conservation, and 

economics) (Huang et al., 2020). 

 

The increasing number of articles in the forestry research 

field also showed a similar pattern, where publications 

increased significantly from 2015 to 2021 (Gao et al., 2022). 
The European countries that contributed significantly to 

forestry research were the United Kingdom, France, 

Germany, Spain, and Italy (Gao et al., 2022; Yuan and Sun, 

2021). Forestry and specific topics such as biomass and 

carbon have grown exponentially in publications since the 

2010s (Araujo et al., 2023). Specifically, in the journal Forest 

from MDPI, the number of articles has also shown 

exponential growth from 2010 (fewer than 100 articles) until 

2018 (around 600 articles) (Uribe-Toril et al. 2019). 

Therefore, research on forestry topics has received much 

attention from researchers and publishers. 
 

Because the forest or forestry research theme covers broad 

and diverse fields, no specific topics dominated the top 10 

most-cited articles (Table 1). The highest citation was 418 for 

an article explaining the glacial forests in the European 

region. Not only the research topic but also the journal varied 

for each article. However, based on the publication period, the 

top 10 most-cited articles published ranged from 2000 to 

2010, except for one paper published in 2014.
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Figure 2. Number of articles on the topic of forests and Hungary 

 

Table 1. Top 10 most-cited articles on the topics of forests and Hungary 

Title Journal Cited by Reference 

The full-glacial forests of central and southeastern 

Europe 

Quaternary Research 418 Willis et al. 

(2000) 
Formation of secondary organic aerosols from isoprene 

and its gas-phase oxidation products through reaction 

with hydrogen peroxide 

Atmospheric Environment 280 Claeys et al. 

(2004) 

Response of plant species richness and primary 

productivity in shrublands along a north-south gradient 

in Europe to seven years of experimental warming and 

drought: Reductions in primary productivity in the heat 

and drought year of 2003 

Global Change Biology 208 Peñuelas et al. 

(2007) 

Diversity of dead wood inhabiting fungi and bryophytes 

in semi-natural beech forests in Europe 

Biological Conservation 200 Ódor et al. (2006) 

The economic and environmental performance of 
miscanthus and switchgrass production and supply 

chains in a European setting 

Renewable and Sustainable 
Energy Reviews 

189 Smeets et al. 
(2009) 

Hydroxydicarboxylic acids: Markers for secondary 

organic aerosol from the photooxidation of α-pinene 

Environmental Science and 

Technology 

181 Claeys et al. 

(2007) 

Root controls on soil microbial community structure in 

forest soils 

Oecologia 180 Brant et al. 

(2006) 

Soil enzyme activity in response to long-term organic 

matter manipulation 

Soil Biology and Biochemistry 179 Kotroczó et al. 

(2014) 

Factors controlling regional differences in forest soil 

emission of nitrogen oxides (NO and N2O) 

Biogeosciences 177 Pilegaard et al. 

(2006) 

Carabids and forest edge: Spatial pattern and edge effect Forest Ecology and Management 172 Magura (2002) 

 

From 1936 to March 2023, there were 1,528 documents with 
the keywords "forest" OR "forestry" AND "Hungary" in the 

title, abstract, or keywords. Based on the document types, the 

corpus can be divided into original research articles (1,324 

documents), books (1 document), book chapters (35 

documents), conference papers (106 documents), review 

articles (54 documents), and other types (8 documents). For 

almost nine decades, the contribution of original research 

articles dominated publications on forests in Hungary at 
around 86.75%. 

 

Using VOSviewer, we mapped the bibliography and found 

821 items in 9 clusters (Figure 3). A different color indicates 

each cluster. Meanwhile, the variation in the frame size 

indicates the links' different strengths. For example, the term 

"Hungary," with the most enormous frame, has a total link 

strength of 7,656, with 814 links and 733 occurrences.
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Figure 3. Visualization of VOSviewer on the topics of "forest" OR "forestry" AND "Hungary." 

 
Referring to Figure 3, 1,528 articles on the topics of "forest" 

OR "forestry" AND "Hungary" have been divided into 9 

clusters. The clusters are: 

 

Cluster 1 (158 items/red); the top 3 items were vegetation, 

land use, and ecosystem (Supplement Figure S1). The items 

of vegetation were connected to 429 links in 6 clusters, and 

75 occurrences were detected. Moreover, the items of land 

use had 58 occurrences and were linked to 5 clusters (the total 

link strength was 761), and items of the ecosystem were 
linked to 4 clusters and had 43 occurrences. 

 

Regarding environmental assessment, items of carbon 

balance can be found in cluster 1 and were detected in 5 

occurrences but do not have links to other items. The item of 

soil organic carbon is also listed in cluster 1 with five 

occurrences but does not have a link to other items. This 

means that either carbon balance or soil organic carbon are 

potential research areas in the future since only a few 

researchers have investigated this topic. 

 
Furthermore, the item in cluster 1 related to environmental 

assessment is environmental protection. This item was 

observed in 29 occurrences and linked to 5 clusters. In cluster 

1, environmental protection is linked to the item land use and 

conservation of natural resources. Meanwhile, the link to 

other clusters is biodiversity (cluster 2), forestry (cluster 3), 

Hungary (cluster 4), ecosystem and forest (cluster 5), and 

agriculture (cluster 8). 

 

Cluster 2 (130 items/green): The dominant items in cluster 2 

were biodiversity, forest management, and species richness 

(Supplement Figure S2). The occurrence of biodiversity, 

forest management, and species richness in the articles was 

75, 64, and 62, respectively. 

 
From the perspective of environmental assessment, cluster 2 

contains the items of environmental assessment (6 

occurrences), environmental disturbance (5 occurrences), 

lowland environment (5 occurrences), and environmental 

factors (22 occurrences). The first three items had no links to 

cluster 2 or other clusters. However, the items of 

environmental factors are linked to Hungary (cluster 4) and 

climate change (cluster 7). 

 

Cluster 3 (125 items/dark blue); the dominant items in cluster 

3 were forestry, soils, and forest soils. Forestry items are 
found in 235 documents and placed second after the items of 

Hungary (733 occurrences) (Supplement Figure S3). 

Furthermore, the items related to environmental assessment 

were environmental impact (8 occurrences) and environ-

mental monitoring (22 occurrences). The item of 
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environmental impact does not have a link to other items. 

However, environmental impact is linked to Hungary (cluster 

4). 

 

The items related to environmental assessment in cluster 3 are 

carbon (19 occurrences), carbon dioxide (18 occurrences), 

carbon emissions (6 occurrences), carbon sequestration (14 
occurrences), organic carbon (19 occurrences), and soil 

carbon (10 occurrences). Almost all items, except carbon 

emissions, have links to items of forestry and Hungary. 

However, they are not linked despite being similar in the 

keyword carbon. 

 

Cluster 4 (106 items/yellow), the most significant item in all 

clusters is Hungary (Supplement Figure S4). It had 733 

occurrences and connected to all clusters. Europe (137 

occurrences) and Eurasia (93 occurrences) were the following 

items. Cluster 4 contains environmental changes (7 
occurrences), paleoenvironment (18 occurrences), and 

temperate environment (9 occurrences). All the items were 

linked to items of Hungary, and only the item 

paleoenvironment was also linked to paleoecology (cluster 4). 

 

Cluster 5 (76 items/purple); the most prominent items in 

cluster 5 were forest (115 occurrences), followed by non-

human (74 occurrences) and animals (52 occurrences). The 

item of forest is linked to Hungary (cluster 4), forestry 

(cluster 3), climate change (cluster 7), biodiversity (cluster 2), 

and vegetation (cluster 1) (Supplement Figure S5). Regarding 

environmental assessment topics, this cluster is relatively low 
and only found 1 item (environmental temperature). The 

items of environmental temperature are distributed in 5 

occurrences and do not have links to other items. 

 

Cluster 6 (63 items/light blue); from 63 items in cluster 6, the 

dominant item is biomass (34 occurrences). The item of 

biomass linked to Hungary (cluster 4), vegetation (cluster 1), 

bioenergy, and biomass production (cluster 6) (Supplement 

Figure S6). In this cluster, the items are mostly scattered with 

weak links (fewer than five links to other items). 

 
Cluster 7 (61 items/orange); in cluster 7, the dominant item 

is climate change (104 occurrences), followed by ecosystem 

(55 occurrences), and Fagus sylvatica (37 occurrences) 

(Supplement Figure S7). In this cluster, the items related to 

environmental assessment are also rare. Items of 

environmental conditions (11 occurrences) linked to the item 

Hungary (cluster 4). 

 

Cluster 8 (57 items/black, is similar to clusters 6 and 9, and 

this cluster also shows weak links. In cluster 8, the items 

Slovakia (45 occurrences), Germany (31 occurrences), Czech 

Republic (29 occurrences), Romania (28 occurrences), and 
Austria (26 occurrences) were linked to each other or made a 

spider web pattern (Supplement Figure S8). However, the 

item of environmental management (8 occurrences) does not 

have links to other items. 

 

Cluster 9 (45 items/pink); in cluster 9, the dominant items 

were tree (35 occurrences), fungi (37 occurrences), and 

classification (29 occurrences) (Supplement Figure S9). They 

showed weak links to other items in other clusters. No items 

related to environmental assessment topics could be found in 

this cluster. 

3.2.  Research trends of Poplars in Hungary 

 
In this section, we will elaborate more deeply on poplar 

species as promising bioenergy sources from forests in 
Hungary. Referring to Figure 1, we used the search keywords 

"poplar" AND "Hungary," which showed 109 documents. In 

contrast, if we used the keywords "poplar" AND "forest" OR 

"forestry" AND "Hungary," the documents retrieved were 69 

articles. Therefore, in this section, we used the keywords 

"poplar" and "Hungary" to obtain more documents. 

 

Compared to the visualization of "forest" OR "forestry" AND 

"Hungary," the bibliometric map of the keywords "poplar" 

AND "Hungary" is more straightforward. There were 3 

clusters from 109 documents. However, both bibliometric 
maps have shown a similarity; that is, the item of Hungary is 

the biggest and linked to other clusters (Figure S7). 

 

According to Supplement Figure S10, the cluster  is displayed 

clearly in 3 groups. There are 33 items divided into 3 clusters, 

namely, i). Cluster 1 (3 items/red): biomass, deciduous tree, 

Europe, forestry, Hungary, plantation forestry, plants 

(botany), populus, populus alba, populus pseudoacacia, tree, 

and wood. ii). Cluster 2 (10 items/green): article, biodiversity, 

conservation, floodplain, forest, forests, nonhuman, 

plantation, robinia, and vegetation. iii). Cluster 3 (10 

items/blue): Araneae, deciduous forest, forest-steppe, 
grassland, invertebrate, poplar, species richness, spider, and 

vegetation structure. 

 

Using query string TITLE-ABS-KEY((research) AND 

(poplar)), in the Scopus database can be found 109 documents 

as review papers worldwide. In the VOSviewer analysis for 

the co-occurrence of keywords, the review papers have been 

grouped into four clusters: climate change and biodiversity, 

biotechnology and pollution, forest management and genetic 

engineering, and physiology. According to Figure 3, the 

researchers in Hungary who researched Poplar focused on the 
topics of climate change (biomass, carbon stock, and 

sequestration), biodiversity (species composition, vegetation 

structure, species richness), and forest management (forest, 

plantation). Furthermore, future researchers could elaborate 

on the genetic engineering, physiology, and biotechnology of 

poplar plantations (Figure 4). 

 

Based on bibliographic coupling analysis for the country 

network in the VOSviewer, the researchers conducting review 

papers on poplar come from the United States, China, 

Germany, United Kingdom, Spain, France, and Canada. They 

have connected to research poplar. Collaborative research 
with many researchers from various countries is vital to 

strengthening the network and sharing information related to 

best practices of poplar plantation management.
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Figure 4. Visualization of worldwide research on poplar 

 
3.3.  Research trends of environmental assessment of 

poplars in Hungary 

 
Surprisingly, based on VOSviewer analysis for the keywords 
"poplar" AND "Hungary," there is no item-related 

environmental assessment, either as carbon or a life cycle 

assessment. Referring to Figure 1, the number of documents 

retrieved for the keywords "poplar" AND "carbon" AND 

"Hungary" were ten articles. However, searching using the 

keywords "poplar" AND "life cycle assessment" OR "LCA" 

AND "Hungary" retrieved 1 article. Therefore, the research 

topic on the environmental assessment of poplar plantations 

in Hungary still has potential for future research. 

 

The keywords "poplar" AND "carbon" AND "Hungary" can 

be visualized using VOSviewer, while the keywords "poplar" 
AND "life cycle assessment" OR "LCA" AND "Hungary" 

cannot be analyzed. Based on the VOSviewer analysis, there 

are 2 clusters and ten items. Items in cluster 1 were 

biodiversity, environmental monitoring, forest, Hungary, 

populus, and vegetation. Items in cluster 2 were climate 

change, drought, forest-steppe, and temperature. 

 

Similar to the analysis by the VOSviewer in the previous 

section, whether searching for poplar in Hungary or the 

environmental assessment of poplar in Hungary, the most 

prominent item is Hungary. Although this section has the 

smallest number of items (10 items), these items are linked to 

each other and displayed as a spider web pattern (Figure S8). 

 

According to Supplement Figure S11, the issue of forest 

carbon in Hungary appears to have been receiving attention 

since 2010. Based on the articles downloaded from the 

Scopus database, the first article listed in Scopus related to 

forest carbon was published in 1997. The article "Forest 

health status in Hungary" was published in the Journal of 

Environmental Pollution. Although the article emphasized 

monitoring forest health, the author suggested further 
intensive research on climatic factors, air pollution effects, 

and carbon and nutrient cycles (Szepesi 1997). 

 

In 1997, the United Nations announced the Kyoto Protocol, 

and several countries, including Hungary, committed to 

reducing greenhouse gas emissions (United Nations, 1998). 

Referring to Supplement Figure S11, in the early 2010s, the 

research focused on environmental monitoring, forest, 

populus, and drought. In 2016–2018, the research emphasized 

the items of Hungary and temperature. Furthermore, since 

2019, the research items were forest-steppe, vegetation, 

biodiversity, and climate change. 
 

In the global context, using query string TITLE-ABS-

KEY((lca OR life cycle assessment) AND (poplar)), there 

was one review paper. This review paper elaborated 26 

studies on bioenergy production from poplar and willow from 
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1990-2009 (Djomo et al., 2011). It indicates that the research 

theme on the life cycle assessment of poplar plantations and 

its utilization is still promising in the future to support climate 

change mitigation actions. 
 
3.4.  Limitation of study 

 
The findings of this research deserve severe consideration and 

provide direction for future research on the environmental 

assessment of poplar plantations in Hungary. However, we 

also recognize that there are some limitations to this study. 
First, the bibliometric data used were derived only from the 

Scopus database; therefore, some related documents that 

Scopus does not index may have been omitted from the 

analysis. For example, the article with the keywords "life 

cycle assessment" OR "LCA" AND "poplar" AND 

"Hungary" for title, abstract, and keywords on the Scopus 

database produced only one article, but it did not mean that 

research on life cycle assessment for poplars in Hungary was 

rare. We tried to elaborate the search in the Google Scholar 

database with the keywords "life cycle assessment" OR 

"LCA" AND "poplar" AND "Hungary" from 1960–2022 and 

found 198 articles. The keywords in the Google Scholar 
database are not limited to title, abstract, and keywords. 

However, articles in the Google Scholar database are mixed 

between peer-reviewed and non-peer-reviewed documents. 

 

Second, we used a feature search within article titles, 

abstracts, and keywords to search for documents in the 

Scopus database. The article related to LCA in Hungary's 

forestry sector but not listed in the article title, abstract, or 

keywords cannot be analyzed in this paper. For instance, the 

article titled "Environmental life cycle assessment of arable 

crop production technologies compared to different 
harvesting work systems in short rotation energy plantations" 

published in the journal Acta Silvatica et Lignaria Hungarica 

(indexed in Scopus database) volume 15 number 2 (2019) 

was not listed in our bibliometric analysis. This article did not 

match the keywords "life cycle assessment" OR "LCA" AND 

"poplar" AND "Hungary." However, the article discussed 

comparing the life cycle assessment of crop production and 

poplar plantations in Hungary (Polgár et al., 2019). 
 
4. CONCLUSIONS 
 

Bibliometric analysis in this research has shown some critical 

findings. First, the more documents we collected, the more 

items and clusters we identified. From 1,528 documents, 9 

clusters with 821 items have been produced. Moreover, in 

other searches, 109 documents and ten documents have 

produced 3 clusters (33 items) and 2 clusters (10 items), 

respectively. Second, Hungary was the most prominent item 
and linked to other clusters from generic to specific 

topics/keywords. It demonstrated that the authors searched 

the title, abstract, and keywords using Hungary. It is essential 

to emphasize the research areas in Hungary. 

 

The last conclusion is that the research theme on 

environmental assessment in a poplar plantation in Hungary 

still needs serious attention. The research on environmental 

assessment, either carbon sequestration to absorb emissions 

from the atmosphere or a life cycle assessment to describe the 

potential emissions released to the environment, is vital to 

support climate change action. So far, there appears to be no 

research in Hungary. This lack of knowledge should be 

addressed by researching the environmental assessment of the 

poplar in Hungary and publishing it in a journal indexed by 

Scopus or Web of Science. 
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