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Himalayan Cedar (Cedrus deodara), a member of the family Pinaceae is well-

known for its ecological, economic, and cultural significance. It is native to

the Western Himalayan region and listed as Least Concern in the IUCN list of

threatened species. In the present study, a bibliometric analysis of more than a

hundred years of research on C. deodara is carried out. Total 616 documents

published from 1916 to 2024 were retrieved from the Scopus database and

analyzed using biblioshiny and VoS viewer. A comprehensive overview of

publication trends, country-wise publications, bibliographic coupling, citation

analysis, keyword analysis, and collaborative research networks are presented.

The research findings revealed that publications have increased significantly in

recent decades and primarily multidisciplinary. Forest ecology, pharmacology,

phytochemistry, climate change, environmental science, and taxonomy were

among the major thrust areas. However, recent studies are mostly focused

on carbon stock, biomass, dendrochronology, and climate change. Out of the

362 publication sources, Bradford’s law identified six journals as core sources

for publication. Lotka’ law revealed that only 8% of authors have published

more than two documents on C. deodara. The present study provides a

comprehensive evaluation and visualization of C. deodara based bibliometric

research carried out during the past 100 years. Further, the study provides

collective information and a research framework for scholars, the general public,

and decision-makers by identifying research gaps and future research areas.

KEYWORDS

Cedrus deodara, Himalaya, biblioshiny, Bradford index, Lotka law

1 Introduction

Cedrus deodara (Roxb. ex D. Don) G.Don, commonly known as the “Himalayan
cedar,” usually forms pure forest stands along elevations ranging from 1200 to 3050 m
asl. This Himalayan monotypic genus of the family Pinaceae is native to the Western
Himalaya (Pandey et al., 2023) with extended distribution from Karakoram to Nepal,
Bhutan, and the northeastern Indian Himalaya (Gupta et al., 2024). C. deodara forms
a repository of sacred groves across the region (Singh et al., 2011) and functions as a
keystone species. This, economically (Negi, 2022), medicinally (Bhat et al., 2021), and
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culturally important plant species (Bhatt et al., 2024), support
various ecosystem services to the region (Gupta et al., 2023).
Besides, it plays a key role in ecosystem functioning, carbon
assimilation, and allows the advent of low-carbon settlements
(Li et al., 2022). The research history of C. deodara indicates
that various aspects of the species have been explored such as
medicinal (Parvez and Anjum, 2024), ethnobotany (Dev, 1999;
Bisht et al., 2021), phytochemistry (Adinarayana and Seshadri,
1965; Heinrich et al., 2021), and taxonomy (Lee et al., 2020).
Furthermore, there has been increased attention in the twenty-first
century on the role of C. deodara in climate change research and its
ecological and environmental impact, including dendrochronology
(Gupta et al., 2024).

It has been reported that C. deodara has the highest biomass
and carbon sequestration potential among the Himalayan conifers
(Sheikh et al., 2021; Kumar et al., 2024). However, the growth of this
species has been significantly impacted by climate change (Dhyani
et al., 2022) and other anthropogenic activities. Populations of
C. deodara are decreasing under warming climate (Gilani et al.,
2020), making it more vulnerable (Pandey et al., 2023). The species
is classified among the endangered conifer species in the Western
Himalayan region (Ginwal et al., 2020; Rana et al., 2020) and listed
as Least Concern in the IUCN list of threatened species (IUCN,
2024). According to Bhattacharyya et al. (2023), the increasing
global warming crisis will result in up to 38% decrease in the
growth of the C. deodara population and is assessed as the highest
conservation priority index (CPI) species by Rana et al. (2020).
In current and future climate scenarios, due to climate change-
driven shifting, this species is likely to migrate toward higher
elevations (Durrani et al., 2024), and may compete with subalpine
and timberline species.

Despite extensive research on C. deodara, there is a lack of
a comprehensive systematic study of the literature. Nowadays,
traditional evaluations of research documents are becoming less
effective and more subjective due to their descriptive nature and
the increasing amount of literature (Donthu et al., 2021a,b). In
this context, it is important to compile, synthesize and analyze
existing research information from multiple ways. Bibliometrics
is a useful tool for analyzing huge quantities of information
with reduced bias in the review process (Jiang et al., 2020).
Bibliometrics is an important tool for obtaining qualitative and
quantitative data on published content. It has been widely used
in recent years to analyze the characteristics of various academic
achievements and map topic knowledge in multiple domains
(Yang et al., 2019; Paletto et al., 2020). Bibliometric studies allow
researchers to evaluate the structure of current knowledge in an
area and review its historical growth (Dharmani et al., 2021).
It is also used to identify growing research trends, collaborative
patterns, and research areas of greatest need, to characterize the
macroscopic situation, provide information about the current
study, and recommend future directions for research (Van Eck
and Waltman, 2014; Wani et al., 2023; Bargali et al., 2024). In
the present study, a fully automated bibliometric methodology
that uses quantitative approaches to review documents available
on C. deodara was followed. The present study aims to investigate
performance analysis of field development and research trends for
publications, authors, journals, thematic map, countries, citations,
affiliations, keywords, and collaborative networks; to identify the
areas of research for which C. deodara have been explored; and

to find out future research directions on C. deodara. Thus, to
gain insights into the current state of research and to identify
research trends and gaps, present study was carried out. By
examining the frequency and effect of citations, researchers
can evaluate the effect of individual articles and the overall
effect of research in the field. This information can be used
to highlight areas that require more interdisciplinary research
and collaboration and to identify promising avenues for future
research.

2 Methodology

2.1 Data acquisition

Data was retrieved from the Scopus database,1 accessed on July
5, 2024. Scopus is one of the trusted online databases with over
2.4 billion documents covering 330 disciplines through more than
7,000 SCI-indexed international publishers and 99 % of the journals
indexed in Web of Science are also indexed in Scopus (Singh et al.,
2021; Bargali et al., 2024), and we focused our further research
on the Scopus database. The search involved a comprehensive
keyword search using Boolean logic ‘AND’ and “OR” with the
strings "Cedrus AND deodara", “Himalayan AND Cedar” to filter
the documents. The initial search attempted to find these strings
in any component (titles, abstracts, keywords) of peer-reviewed
literature and acquired 722 documents. The search results were
downloaded as a CSV file containing article information, including
citation details, bibliographic information, abstracts, keywords, and
other relevant data. These documents were subsequently evaluated
using the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) approach (Page et al., 2021; Bargali
et al., 2024). We excluded 106 papers based on the following
criteria: duplicate files (03), titles, keywords, and abstracts lacking
information related to C. deodara (54), and documents not in the
English language (49). Thus, a total of 616 documents were finally
retrieved for further analysis (Figure 1).

2.2 Data analysis

The bibliometrics tool, developed through R programming
language was used to conduct a macro-research and development
review for C. deodara in the present study following Wani et al.
(2023). Data were analyzed for publication trend, most relevant
sources, authors, affiliations, and countries, country collaboration
analysis, and keyword analysis.VOS viewer, a tool for constructing
knowledge maps using network data and displaying bibliometric
networks was also used for coupling and clustering. It is also used
to analyze co-authorship and co-occurrence and create networks
of authors, institutions, countries, and keywords (Van Eck and
Waltman, 2014; Wani et al., 2024). Further, Microsoft Excel 2021
was used to prepare publication trends and country production
maps.

1 https://www.scopus.com
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FIGURE 1

Workflow depicting the methodology followed for the study.

3 Results and discussion

3.1 Main information and publication
trend

A total of 616 academic documents have been published
on "Cedrus deodara" between 1916 and July 2024. Out of 616
documents, there were 568 research publications, 23 conference
papers, 17 review articles, and 8 book chapters with an average
number of citations per document was 18.56. These documents
were published by 1881 authors and the average number of co-
authors per document was 4.34. The "authors per document" metric
counts each author only once, even if they have written multiple
documents. Therefore, the "Authors per Document" metric will
always be less than or equal to the "Co-authors per Document"
metric (Verma and Ghosh, 2024). The publication trend indicates
that the first research paper on C. deodara was published in 1916
by Oswald Digby Rober entitled “Volatile Oil from the Wood of
the Indian Deodar Tree.” However, the second research paper,
entitled "Contribution to the life-history of C. deodara Loud: I. the

development of the pollen grains," was published after 20 years in
1936 by B. M. Johri of India. Similarly, the third research paper,
titled "Thoughts on Yield Tables," was published in 1959 by F.
C. Osmaston of England. Thus, before the 1990s, the number of
research documents was minimal and a continuous increase in
the publication was observed thereafter. The highest number of
research documents (44) on C. deodara were observed in the year
2024, which indicates the growing research interest of the scientific
community in this species (Figure 2).

The publications on C. deodara have been categorized into
18 research fields. The ‘Forest ecology’ field ranked first, with
116 publications followed by ‘Pharmacology’ (86), ‘Phytochemistry’
(82), Climate Change (74), Environmental Science (53), Taxonomy
(36), Wood Science (32), Entomology (32), Mycology (26),
Ethnobotany (20), Biotechnology (18), and Plant Pathology (15).
The analysis of these topics showed that research on C. deodara
is multidisciplinary. By examining research topics, we discovered
that Phytochemistry, Pharmacology, Ecology, Climate Change,
and Environmental Science had a significant contribution on
overall publication. The forest ecology research was mainly
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FIGURE 2

Research publication trend on Cedrus deodara from 1916 to 2024.

FIGURE 3

Top 20 most productive authors on the C. deodara. Based research.

focused on carbon stock, biomass, biodiversity conservation,
soil science, and forestry. Similarly, pharmacology focuses on
major disciplines in therapeutics and other health sciences, while
phytochemistry deals with chemical substances produced by plants.
Climate change deals with dendrochronology, climate science,
and plant physiology. Environmental science deals with the
relationships between C. deodara and human activities. In the
context of air pollution, the focus was on detecting, understanding,
and assessing the impact of various pollutants on C. deodara

growth. Limited documents focused on fields like wood science,
entomology, mycology, plant pathology, bioenergy, immunology,
and agriculture. As we discussed in the introductory section,
how studies on phytochemistry, pharmacology, ethnobotany, and
taxonomy had a well-established history. Over the past few decades,
emerging disciplines such as forest ecology, climate change,
genetics, wood science, environmental science, and mycology
have been gradually gaining importance as areas of research.
Furthermore, advancements have facilitated rapid progress in

Frontiers in Forests and Global Change 04 frontiersin.org

https://doi.org/10.3389/ffgc.2024.1485083
https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org/


ffgc-07-1485083 October 17, 2024 Time: 17:25 # 5

Kumar and Pandey 10.3389/ffgc.2024.1485083

TABLE 1 Frequency distribution of scientific productivity based on
Lotka’s law.

Documents
written

No. of
authors

Proportion of
authors in %

1 1520 80.8

2 210 11.2

3 63 3.3

4 34 1.8

5 25 1.3

More than 5 29 1.6

ecological studies on C. deodara. As previously mentioned, due to
its significant carbon sequestration capacity, it is crucial to focus
future research on the ecological aspects of C. deodara.

3.2 Most productive authors

The authorship analysis for this study revealed that a total
of 1881 authors have significantly contributed to research papers
on C. deodara. Among these, 21 were independent/single authors,
while 1860 were collaborative/multi-authored. The most prolific
authors include "Ram R. Yadav" from the Birbal Sahni Institute
of Palaeobotany, India, and "Moinuddin Ahmed" from the
University of Arts, Science and Technology, Pakistan, with 23
publications each, they were followed by Chandra Mohan Sharma
(17 publications), Muhammad Faheem Siddiqui (14 publications),
Nasrullah Khan (13 publications), Sukh Dev (12 publications), and
Pralay Das, D.K. Singh and Jayendra Singh (10 publications each)
(Figure 3). Lotka’s Inverse Square Law of scientific productivity
explains how often authors publish on a specific topic. According
to the law, the number of authors making ‘n’ contributions is
roughly equal to ‘1/n’ of the number of authors producing only
one contribution (Kumar and Mohindra, 2015). Lotka’s Law is
used to analyze data for better understanding the co-authorship
relationship, which is well-known in bibliometrics, as mentioned by
Ahmi et al. (2020). Table 1 summarizes that there are 1520 (80.8%)
authors who had published a single document on C. deodara,
while 210 (11.2%) authors had published two documents, and
150 (8%) had published more than two documents. The most
globally cited document on C. deodara was a study by Shinde
et al. (1999), which explores the anti-inflammatory properties of
volatile oil from C. deodara wood. The research shows that the oil
can significantly reduce inflammation in rat models, particularly
in stressful environments such as heat or hypotonic surroundings,
by suppressing edema and lowering the breakdown of red blood
cells. The oil’s effectiveness is attributed to its ability to protect cell
membranes, thus reducing inflammation. This suggests that the oil
could be used for therapeutic purposes in managing inflammatory
disorders. The second most cited work, by Sharma et al. (2010),
discussed the impact of forest conservation and afforestation on
reducing climate change through increased carbon sequestration.
The study emphasizes the significance of protecting old-growth
forests, especially conifer-dominated forests like C. deodara (Moist
Deodar Forest), in reducing CO2 emissions through their high
carbon stocks and ongoing carbon storage. Additionally, it suggests

that conserving existing forests with high carbon density may
have a greater impact on carbon storage and climate change
mitigation compared to afforestation. Another notable paper,
published by Yu et al. (2018), aimed to improve soy protein-
based films by enhancing their mechanical properties and moisture
resistance while adding antioxidant activity. This was achieved
by incorporating cellulose nanocrystals (CNCs) and C. deodara
pine needle extract (PNE) into the films. The addition of CNCs
enhanced mechanical strength and reduced moisture content, while
PNE decreased water vapor permeability and added antioxidant
characteristics, making the films more suitable for active food
packaging. The top twenty most globally cited documents on
C. deodara are presented in the Supplementary Table 1.

3.3 Most productive journals

The results indicate that the academic documents onC. deodara
have been published in 362 sources. Among these sources, Pakistan
Journal of Botany had the highest number (27) of publications,
followed by Tetrahedron (11) and Current Science (9). The
Pakistan Journal of Botany also has the highest total citation
count i.e. 289 citations. Regarding total citation/ total publication
(TC/TP) values, the Journal of Forestry Research performed the
best with a ratio of 43.75, followed by the Indian Journal of
Experimental Biology (39). A detailed analysis of the top 20 journals
is depicted in Table 2.

According to Bradford’s Law, a small number of journals
containing a large number of articles on a specific topic is referred
to as "core sources," (Wani et al., 2023). In this study, a core
source with an average citation of 10 was selected. Out of the
total 362 sources, only six journals were identified as core sources
(Figure 4). This indicates that these six journals viz. Pakistan
Journal of Botany, Tetrahedron, Current Science, Phytochemistry,
Quaternary International, and Environmental Monitoring and
Assessment likely to contain a significant portion of the articles
related to C. deodara, while the remaining sources may have fewer
articles. Recent research on C. deodara has been published in high-
quality journals focusing on multidisciplinary research, including
environmental research. Based on the 2022 journal impact factor
(JIF), "Ecological Indicators" had the highest impact factor (6.9),
followed by "Environmental Science and Pollution Research" (5.8)
and "Journal of Ethnopharmacology" (5.4).

3.4 Countries and affiliation productivity

Authors from 48 countries have contributed to the research on
C. deodara (Figure 5). India had the highest number of publications
(in terms of authors) on C. deodara with 1201 documents, followed
by China with 510, Pakistan with 479, the United States with 80,
Italy with 52, Japan with 47, and South Korea with 28. Authors
from most of the other countries like Afghanistan, Greece, Israel,
Latvia, Malaysia, and Portugal have 2 documents each. Algeria,
Cuba, Egypt, Estonia, Hungary, Iraq, Oman, Philippines, Slovakia,
and Slovenia have only one or two documents published. More
than 10 documents were published by sub-continents like Asia,
North and South America, and smaller parts of Europe and Africa.
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TABLE 2 Top twenty journals that publish the most papers on C. deodara.

Rank Source NP TC TC/NP h-index g-index m-index 2022 JIF PY start Publisher

1 Pakistan Journal of Botany 27 289 10.7 11 16 0.393 1.2 1997 Botanical Society of
Pakistan

2 Tetrahedron 11 243 22.09 9 11 0.15 2.1 1965 Elsevier

3 Current Science 9 128 14.22 6 9 0.194 1.0 1994 Indian Academy of Science

4 Phytochemistry 8 220 27.5 7 8 0.14 3.8 1975 Elsevier

5 Quaternary International 8 190 23.75 7 8 0.5 2.2 2011 Elsevier

6 Environmental Monitoring and Assessment 7 149 21.28 5 7 0.25 3.0 2005 Springer

7 Natural Product Research 6 164 27.33 6 6 0.462 2.2 2012 Taylor & Francis

8 Journal of Ethnopharmacology 6 218 36.33 5 6 0.192 5.4 1999 Elsevier

9 Forest Ecology and Management 6 214 35.66 4 6 0.121 3.7 1992 Elsevier

10 Journal of Sustainable Forestry 6 61 10.16 4 6 0.174 1.6 2002 Taylor & Francis

11 Environmental Science and Pollution Research 5 97 19.5 5 5 0.333 5.8 2010 Springer

12 Plos One 5 144 28.8 5 5 0.385 3,7 2012 Public Library of Science

13 Mycotaxon 5 25 5 3 5 0.214 1.0 2011 Mycotaxon, Ltd

14 Forests 5 24 4.8 2 4 0.4 2.2 2020 MDPI

15 Dendrochronologia 4 140 35 4 4 0.25 3.2 2009 Elsevier

16 Indian Journal of Experimental Biology 4 156 39 4 4 0.08 0.6 1975 CSIR-NIScPR

17 Journal of Food Science 4 154 38.5 4 4 0.286 4.0 2011 Institute of Food
Technologists

18 Journal of Forestry Research 4 175 43.75 4 4 0.267 3.0 2010 Springer

19 Desalination and Water Treatment 4 61 15.25 3 4 0.25 1.1 2013 Desalination Publication

20 Ecological Indicators 4 101 25.25 3 4 0.6 6.9 2020 Elsevier

TP, total publication; TC, total citation; JIF, journal inpact factor; PY, paper year.
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FIGURE 4

Bradford’s law highlighting the core sources.

FIGURE 5

Global scientific production based on authors.

Sub-continents like Africa, Australia, and smaller parts of Europe
have less than 10 documents. In conclusion, research interest
in C. deodara is increasing in countries outside its native Asian
subcontinent.

Based on our analysis, authors from 1297
organizations/institutions have published documents on
C. deodara. Of these, only 92 met the minimum threshold of
having at least 2 documents. In terms of maximum documents,
the Birbal Sahni Institute of Palaeobotany in India took the
lead with 24 documents followed by the University of Karachi
and Sichuan University with 17 and 16 documents respectively.
Notably, six of the top ten universities are based in India, two

in China, and one each in Pakistan and the United States. The
study found that the Birbal Sahni Institute of Palaeobotany had
a considerable stake in C. deodara-based studies. The Bombay
College of Pharmacy ranked first with a TC/TP ratio of 153.25,
followed by Sichuan University (59.625) and the Birbal Sahni
Institute of Palaeobotany (36.96). A detailed breakdown of the top
10 notable organizations is depicted in Supplementary Table 2.
According to Ridwan et al. (2023), ranking allows for a precise
comparison of academic institutions based on their global reach,
frequency of publication in peer-reviewed journals, presence in
prestigious journals within their field, and the distribution of their
publications across high-caliber synthetic literature and scientific
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FIGURE 6

Countries collaboration map based on the documents on C. deodara.

FIGURE 7

Top ten countries based on authors collaboration. SCP, single country production; MCP, multiple country production.

research. Additionally, increased funding and collaboration among
researchers from various nations and fields of study will lead to
a better understanding of research patterns related to C. deodara
in response to current environmental challenges such as climate
change.

3.5 Collaboration analysis

Research has increasingly emphasized collaboration as the
primary driver for generating knowledge across academic fields.
This shift toward collaborative research is evident across various
academic disciplines. Collaborative research has led to higher
citation rates, which have been steadily increasing over the
time (Paphawasit and Wudhikarn, 2022). Figure 6 illustrates
the countries that had conducted collaborative research on
C. deodara. The blue color indicates countries that have published

papers, with the color intensity corresponding to the number of
publications. The brown lines represent the connections between
the countries, and the thickness of the lines reflects the extent
of collaboration. Pakistan has the highest collaboration with 21
countries, followed by India (15), China (12), and the USA (11).
The collaboration patterns suggest that researchers from countries
like India, Pakistan, China, and the USA have worked together to
produce high-quality research. The research by Bhattacharyya et al.
(2023) highlights the need of long-term research on C. deodara
for understanding its global distribution, ecological patterns, and
analyzing the implications of climate change, declining habitat, and
other environmental stressors.

Top 10 countries with authors’ collaboration are illustrated
in the Figure 7. India had the highest number of corresponding
authors with 221 publications, accounting for 35.9% of the
total, followed by China with 88 publications (14.3%), and
Pakistan with 85 publications (13.8%),. India collaborated most
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FIGURE 8

Author keyword co-occurrence network in documents published on Cedrus deodara.

FIGURE 9

Thematic map showing the clustering of author keywords used in documents on Cedrus deodara.
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FIGURE 10

Bibliographic coupling analysis of the documents published on Cedrus deodara.

frequently with authors from their own country, with 209 single-
country publications (SCP) and 12 publications involving multiple
countries (MCP). Meanwhile, Pakistan had the highest number of
MCP with 24 publications. Japan and Germany had the lowest SCP
with just 1 publication each, while Italy, Iran, Korea, and France
had the lowest MCP with only 1 publication each.

3.6 Keyword analysis

Overlay visualization analysis revealed that a total of 1746
keywords have been used. In the author keyword co-occurrence
network (Figure 8), the size of the words represents the frequency
of occurrence of author keywords, with the most frequent
words being larger and more noticeable. The keyword "Cedrus
deodara" appeared most frequently, 144 times, followed by "western
Himalaya" (25 times), "tree rings" (20 times), "essential oil"
(20 times), "India" (19 times), "Pinaceae" (15 times), "biomass"
(15 times), "Himalaya" (14 times), "Cedrus" (14 times), "climate
change" (13 times), "Himalayan cedar" (12 times), and "medicinal
plant" (10 times). The results further revealed that the initial
research onC. deodarawas related to phytochemistry, ethnobotany,
and pharmacological studies possibly due to its importance in
traditional medicinal systems (Kalam et al., 2023). Over time, the
focus shifted to topics related to dendroclimatology and climate
change, and now the trend is moving toward research topics such
as carbon sequestration, biomass, and carbon stock. C. deodara
plays a significant role not only in ethnobotanical uses but also in
trending issues such as climate change mitigation. Due to its high
biomass and capacity for carbon sequestration potential, C. deodara
contributes to forests under present pressure to mitigate climate
change (Sheikh et al., 2021).

The strategic diagram of the thematic map constructed using
the author’s keyword is depicted in Figure 9. The diagram divides all
research themes into four sections based on two variables, centrality

and density. The importance of external connections to other
themes is represented by parameter centrality (x-axis), which shows
how significant the issue is in the development of the researched
area and how much a group interacts with other groups (Callon
et al., 1991). The level of internal connections among all keywords
is known as parameter density (y-axis), which measures the internal
strength of the group and shows how the topic has progressed
(Callon et al., 1991). The motor theme was both well-developed
and essential for the advancement of the C. deodara based studies.
Niche themes were highly developed internally but not extensively
outside. The weak internal and external development of declining
stage in declining theme. Although, basic themes are not fully
developed, but these are fundamental and transversal themes
significant for the research field. We identified the subject of each
cluster in accordance with the thematic map and the specific details
of each cluster, following Gao and Larjavaara (2024).

3.7 Bibliographic coupling analysis

In the present study, out of 616 documents, 383 meet
the requirement of having more than five citations. According
to Kessler (1963), bibliographic coupling happens when two
documents reference the same sources. The higher link strength
value (8105) in this study, indicates that two academic works
have shared a large number of references and considered as more
intellectually related. The size and color of the frames in the
map vary based on the number of common citations referenced
in the chosen documents. Cluster analysis is used to identify
groups of related items. In Figure 10, six clusters representing
different dimensions of studies are depicted based on their subject
relatedness. The largest cluster consists of 70 items (red nodes) with
the highest citation of 155 by Yu et al. (2018) and this cluster covers
the research area of biochemistry and pharmacology. The second
cluster has 43 items (green nodes) with the highest citation of 42
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by Sharma et al. (2010) and focuses on studies related to Carbon
Stock and climate change. The third cluster contains 39 items (blue
nodes) with the highest citation of 106 by Singh et al. (2009) and
related to dendroclimatological studies. The fourth cluster has 21
items (yellow nodes) with a maximum citation of 97 by Qadri et al.
(2013) and is related to mycology. The fifth cluster has 11 items
(purple nodes) with Kaushal et al. (2012) receiving 21 citations. The
smallest cluster consists of 3 items (black nodes) with the highest
citation of 17 by Khanduri and Sharma (2009) and is related to
Phenological studies on C. deodara.

4 Conclusions and future
implications

A bibliometric analysis was conducted on 616 research
documents on Cedrus deodara from 1916 to 2024 using Scopus
database. The analysis revealed i) research on C. deodara has
been increasingly popular in recent decades, particularly in Asian
countries such as India, China, and Pakistan. ii) the Birbal Sahni
Institute of Palaeobotany has the significant research influence at
the institutional level, while the Pakistan Journal of Botany has
published the most research on C. deodara. iii) author analysis
and bibliographic coupling analysis showed majority of the authors
working on C. deodara are from India and Pakistan, and having
the higher level of international collaboration. iv) the research
on C. deodara has become multidisciplinary in recent past, with
focus on research fields such as forest ecology, pharmacology,
phytochemistry, climate change, and environmental science. This
multidisciplinary approach is expected to contribute toward
improved research quality and highlight the unexplored potential
of C. deodara. v) comprehensive study of the cooccurrence of
author keywords indicates that recent research on C. deodara is
focused on carbon sequestration, biomass, carbon stock, climate
change research including dendrochronology, and regeneration
potential of the species.

The research needs to consider potential adaptation and
mitigation approaches that could impact the future of C. deodara
forests. Based on the above findings, this study suggests three future
research directions for C. deodara: i) Assessment of the factors
contributing to the decline in stand productivity, regeneration and
degradation using collaboration and emerging techniques such
as dendroclimatology, vulnerability assessment etc. ii) Identify
potential habitats for its future growth across the Hindu Kush
Himalaya region. This can be achieved using new climatic
distribution models developed by the Intergovernmental Panel on
Climate Change (IPCC) for mapping and spatial modeling. iii) Text
mining technologies could help future researchers to improve the
extraction and analysis of complex bibliometric data. The study
thoroughly examined different aspects of C. deodara research and
created a macro-knowledge map using bibliometric approaches.
Despite being based on vast datasets and automated technology, the
bibliometric analysis struggles to detect textual complexities, which
hinders our ability to capture precise terminologies. Similarly,
due to the language barrier, mostly documents written in English
language are used for data mining, however, documents written in
other languages might contain crucial information.
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