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Abstract

This study explores the intricate interaction between biochar and sustainable agriculture and uses a rigorous
quantitative approach to disentangle the different aspects. The temporal dimension shows an increase in
scientific productivity since 2019, fostering elaborate author collaboration networks. The dominant
publication comes from countries such as the Netherlands, Switzerland, Great Britain, Germany, and the
United States. Careful analysis of citation dynamics and co-occurring keywords picks up nuanced thematic
foundations. The dominant influence of highly cited articles, linked by common scientific references, is
significantly reflected in academic discourse. The projections provide insight into continued expansion,
highlighting a promising trend in the development of biochar and sustainable agricultural research.
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Introduction

The concept of agricultural sustainability began a long time ago and gained momentum in the
last three decades (Bongiovanni and Lowenberg-Deboer, 2004; Cakmakg1 et al., 2023; Hansen,
1996; Lampridi et al., 2019; Muhie, 2022; Ruttan, 1999, Thompson, 2007; Tilman et al., 2002;
Zeweld et al., 2020) [ 5 12 15,18, 26, 28, 29, 3] Traditional agriculture underwent drastic changes
when the concept of sustainable agriculture emerged to maintain yield levels and minimize
environmental pollution (Abukari et al., 2021; Ayaz et al., 2021; Cakmakg et al., 2023; Oni et
al., 2019; Zeweld et al., 2020) [ 3 5 20. 331 Bjochar is considered a valuable ingredient in
sustainable agriculture, as its strategic use in soil offers many agronomic, economic, and
environmental benefits (Gatwa-Widera, 2021; Osman et al., 2022; Yeboah et al., 2018; Zhou et
al., 2022) [20. 2L 32 34 1mproved soil nutrition, crop growth and productivity, enhanced crop
physiological parameters and quality, reduced bioavailability of pollutants, and overall reduction
of greenhouse gases emission from soil are some of the important benefits of biochar
amendments (Kalu et al., 2022; Martin et al., 2015; Yeboah et al., 2018) [*3 16.321 Additionally,
the benefits of carbon sequestration due to its highly persistent nature can help mitigate climate
change (Murtaza et al., 2023) 1. The economic benefits of improved yields and frequent
reductions in fertilizer use and irrigation can help achieve economic stability and profitability for
farmers without jeopardizing the conservation of surrounding ecosystems (Kumari et al., 2023)
(141 Interest in biochar has grown tremendously worldwide due to its multidimensional benefits
(Gabhane et al., 2020; Purakayastha et al., 2015) [ 23],

Bibliometrics is a science that helps to understand the scientific achievements in certain fields
and helps researchers to grasp the current research goals and limits as quickly as possible and
guides them in choosing future research directions (Rousseau & Rousseau, 2017; Zuccala, 2016;
Zupic & Cater, 2015) 125 35 36 Detailed information about the literature, such as authors,
keywords, countries, publishers, and references can be obtained through bibliometric analysis.
Softwares commonly used in bibliometrics include CiteSpace (Chen, 2004, 2006) [ 71,
VOSviewer (van Eck and Waltman, 2010) 3% and the R package “bibliometric” (Aria and
Cuccurullo, 2017) 1. The task of the software is to visualize the results as evidenced from their
application in diversified research fields by many workers (Fan et al., 2020; Glynatsi and
Knight, 2021; Iftikhar et al., 2019; Moustakas, 2022; Rojas-Sanchez et al., 2023; Wu et al.,
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2023) [8: 11, 17, 24, 31 However, to our knowledge, there are few
bibliographic analyses in biochar-sustainable agriculture though
biochar has great potential as part of sustainable agriculture. To
fill this gap, we performed a bibliometric analysis of articles on
biochar in sustainable agriculture.

Material and methods

A comprehensive review of global scholarly articles concerning
biochar and its role in sustainable agriculture was meticulously
conducted using the lens.org research database. The targeted
keywords for retrieving relevant publications included
"biochar," and “sustainable agriculture". Publications related to
biochar and sustainable agriculture from lens.org database on
11.08.2023 was retrieved.

Query: (Title: (biochar) OR (Abstract: (biochar) OR (Keyword:
(biochar) OR Field of Study: (biochar)))) AND (Title:
(sustainable AND agriculture) OR (Abstract: (sustainable AND
agriculture) OR (Keyword: (sustainable AND agriculture) OR
Field of Study: (sustainable AND agriculture))))

Filters: Published Year. from = 2009, PublishedYear.to = 2022,

https://www.agronomyjournals.com

Publication Type = Journal Article

Data Analysis

The bibliometric analysis of these curated articles was executed
using the powerful analytical tool, VOSviewer (Version 1.6.19),
revealing intricate insights into the network of research in the
context of biochar and sustainable agriculture. Microsoft Office
Excel 2019 was used to conduct the analyses.

Results and Discussion

Quantitative analysis of publication

After refining our search strategy and eliminating duplicate
entries, we identified a total of 870 unique articles by August 11,
2023. This dataset was then used for our analysis. As illustrated
in Figure 1, the count of articles relating to the intersection of
biochar and sustainable agriculture has exhibited a steady rise
over time. Notably, there has been a remarkable surge in the
number of articles from the year 2019 onwards, indicating a
period of rapid expansion.

Volume
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Publications

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 20202021 2022

Y ear

Fig 1: Year wise publication on biochar and sustainable agriculture from 2009-2022

Co-authorship analysis

We have focused on authors who have contributed at least one
publication. Mining the database, it was observed that a total of
4023 authors published research articles on biochar and
sustainable agriculture during the period under study. In this
context, Yong Sik Ok (16), Genxing Pan (11), Lianing Li (12),
Xiaoyu Liu (10), and Jufeng Zheng (9) are authors contributing
the most. Our attention has been directed towards examining co-

authorship patterns within this subset of articles. The findings
and insights into these collaborative networks are visually
presented in Figure 2. This visual representation sheds light on
the connections and interactions among authors who have
collaborated on articles related to biochar and sustainable
agriculture, the bigger size of the nodes the greater is the
collaboration and interaction among the co-authors.
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Fig 2: Co-authorship Analysis of biochar and sustainable agriculture

Source of publications analysis

The analysis revealed that the articles have been published in
different journals by 28 countries out of which the top 5
contributing countries in the context are the Netherlands (187),

Switzerland (128), the United Kingdom (109), Germany (89),
and the USA (73). The dark blue colour represents the countries
with highest publication and light blue colour represents the
countries the least publication as shown in the Figure 3.
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Fig 3: Country source published in biochar and sustainable agriculture

Citation Analysis

Authors established a criterion for citation analysis, requiring a
minimum of one published article per author and a minimum of

100 citations received by each of the authors. Top (5) authors
citation received and their number of documents, citations along
with total link strength is shown in the Table 1.

Table 1: Citation analysis by authors for biochar and sustainable agriculture

Author Documents Citations Total Link Strength
David A. Laird 3 1668 80
Yong Sik Ok 16 1070 222
Baiqun Wang 1 1047 40
Dedrick D. Davis 1 1047 40
Douglas L. Karlen 1 1047 40
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In this context, the varying sizes of nodes in our network graph
symbolize the differing degrees of citation frequency garnered
by authors is shown in the Figure 4. The larger node size thus

https://www.agronomyjournals.com

serves as an empirical marker of the broader impact and
influence these findings have wielded, substantiated by the
substantial citation counts of the authors.
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Fig 4: Citation Analysis by authors in biochar and sustainable agriculture

Co-occurrence of keyword

In the realm of keyword co-occurrence analysis, our focus has
been on identifying instances where keywords appear together in
documents. This criterion helps us pinpoint research hotspots in
this context. Currently top keywords that frequently appear
alongside each other are biochar, heavy metals, pyrolysis, soil
amendment and soil remediation.

To visually represent these keyword associations, we have

employed network visualization techniques. In the graphical
representation as shown in Figure 5, each keyword is
represented as a node, and connections or links between nodes
indicate instances where the keywords co-occur within the same
documents. This network visualization offers a concise yet
insightful overview of the interconnectedness and patterns
among keywords, allowing us to grasp the relationships that
contribute to biochar and sustainable agriculture.
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Fig 5: Keyword analysis for biochar and sustainable agriculture
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Bibliography coupling by authors

In this context, we examined the bibliography coupling among
authors. Specifically, we have focused on analysing instances
where authors' bibliographies share common references. In the

https://www.agronomyjournals.com

present study the criterion was set in such a way where authors
of at least five articles in common were considered. Table 2
shows the list of top 5 authors along with their number of
documents, citations, and total link strength (Table 2)

Table 2: Bibliography coupling by authors for biochar and sustainable agriculture

Author Documents Citations Total link strength
Lianging Li 12 771 10927
Genxing Pan 11 670 10118
Xiaoyu Liu 10 639 9470
Jufeng Zheng 9 609 9265
Xuhui Zhang 8 592 8518

Figure 6 is the visual representation of bibliography coupling by
authors’ contribution in the field of biochar and sustainable
agriculture. The size of the nodes corresponds to the number of
articles penned by the individual author. The network diagram

illustrates the connections or links between authors who have
shared references in their works, creating a visual depiction of
the interconnected relationships among authors and their shared
scholarly contributions.
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Fig 6: Bibliography coupling by authors contribution biochar and sustainable agriculture

Forecasting

Based on the analysis of year wise publication for the period
from 2009 to 2022 the forecasting trend over the next four years
was attempted and depicted in Figure 7. This forecasting trend
suggests a sustained and accelerated growth trajectory for the

upcoming Yyears. This visual representation underlines the
potential for continued expansion in research output in the
biochar and sustainable agriculture domain, painting a promising
picture for the field's development in the near future.
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Fig 7: Forecasting of number of article publications in biochar and sustainable agriculture

Conclusion

This investigation provides a comprehensive quantitative
analysis of the symbiotic relationship between biochar and
sustainable agriculture. The temporal evolution underscores a
notable surge in scholarly output since 2019, coinciding with
escalating collaborative author networks. The research landscape
is dominated by countries such as the Netherlands, Switzerland,
the UK, Germany, and the USA. Citation dynamics and
keyword co-occurrences unveil intricate research themes. Highly
cited documents, interconnected through shared references
among authors, wield significant influence within the scholarly
discourse. Future projections augur a sustained growth
trajectory, auguring a promising avenue for the advancement of
research in the realm of biochar and sustainable agriculture.

Conflict of interest: The authors declare no conflict of interest.
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