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Abstract. Soil organic carbon (SOC) is critical for soil structure improvement,
climate change mitigation, and ecological balance maintenance. This study lev-
erages advanced computational tools to map the landscape of SOC research in
China over the past three decades (1995-2024). Utilizing CiteSpace 6.3.R1 soft-
ware, we conducted a comprehensive visual analysis of 17,020 relevant papers
sourced from the China National Knowledge Infrastructure (CNKI) database.
Our computational approach involved data mining, keyword extraction, and net-
work visualization to uncover trends and hotspots in the field. The results indi-
cate: (1) A significant increase in the number of publications, with average annual
publications reaching 9, 762, 1,654, and 2,038 in four distinct developmental pe-
riods, reflecting a growing research emphasis in China; (2) The University of
Chinese Academy of Sciences emerged as the leading institution with 691 publi-
cations, though interdisciplinary collaboration remains limited; (3) Keyword fre-
quency analysis identified biochar, microorganisms, community structure, and
organic carbon components as current research hotspots. This study demonstrates
the power of computational methods in analyzing large-scale scientific literature
and provides valuable insights for future research directions in SOC.

Keywords: soil organic carbon; Citespace analysis; CNKI database; research
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1 Introduction

The terrestrial surface of our planet is enveloped by soil, a complex matrix composed
of minerals, organic matter, water, and air. This dynamic medium is the product of
prolonged interactions between rock weathering and various factors such as biology,
climate, and topography. In China, soil serves not only as the foundation for plant
growth, anchoring root systems and supplying essential nutrients and moisture, but also
as a significant carbon reservoir. For instance, humus in China's forest soils can emit
greenhouse gases in response to changes in temperature or land use patterns [1]. Soil
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fertility, which includes nutrient status and physicochemical properties, is crucial for
agricultural productivity. In China, crop rotation involving legumes, rice, and maize
has been shown to enhance soil fertility, thereby increasing crop yields [2]. The avail-
ability of key nutrients such as carbon, nitrogen, phosphorus, and potassium is vital for
soil health. A well-structured soil with good aeration and permeability supports robust
plant root development [3]. Soil organic carbon (SOC), derived from plant residues and
microbial metabolites, plays a pivotal role in the global carbon cycle through its accu-
mulation and decomposition processes. In China, SOC serves multiple functions: it re-
leases nutrients during microbial decomposition to support plant growth, improves soil
structure through the incorporation of organic carbon into inorganic forms (for exam-
ple, coccolithophores in China's coastal regions [4]), helps reduce atmospheric CO2
levels to mitigate climate change [5], and maintains the dynamic balance of soil carbon
pools and ecosystem functions [6]. Over the past few decades, research on SOC in
China has been on the rise. Studies have explored various aspects, such as the impact
of fertilization frequency and cutting intensity on SOC storage in grassland ecosystems
[7], the sensitivity of organic carbon decomposition to temperature changes in subtrop-
ical forests [8], organic carbon use efficiency at different soil depths in forest ecosys-
tems [9], and the mechanisms by which artificial mangroves influence SOC dynamics
in wetlands [10]. Despite the growing body of research, the field lacks comprehensive
reviews and in-depth discussions on future research directions. CiteSpace, a powerful
bibliometric visualization tool, has been widely used in diverse fields including social
and environmental governance, artificial intelligence, botany, and microbiology. It of-
fers a unique approach to analyzing citation relationships and revealing the underlying
knowledge structure, evolutionary trajectories, and research hotspots through visual
maps. By employing advanced algorithms for cluster analysis and representing docu-
ments or keywords as nodes connected by citations or co-occurrence relationships,
CiteSpace can depict complex literature networks. Additionally, it identifies emerging
research hotspots and frontiers through keyword burst analysis, thereby supporting dis-
cipline evaluation and the formulation of research policies. This study aims to leverage
CiteSpace and the China National Knowledge Infrastructure (CNKI) database to map
the landscape of SOC research in China from 1995 to 2024. By analyzing the relevant
literature, we seek to identify cutting-edge trends and developmental directions in the
field, provide forward-looking suggestions for future research, assist researchers in pin-
pointing potential research topics, transcend disciplinary boundaries, foster multidisci-
plinary communication and collaboration, and drive interdisciplinary development.

2 Materials

2.1 Data Source

The data of this study is derived from the China National Knowledge Infrastructure
(CNKI) database, which brings together high-level academic research results across
China, thus ensuring the authenticity and authority of the data. The time range for data
retrieval is from January 1995 to December 2024. The topics searched were academic
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research related to "soil organic carbon" and "SOC". After careful reading and screen-
ing, 11,321 academic journal articles that were not related to the topic or were repeated,
and finally 17,020 academic journal articles closely related to the research topic were
identified for subsequent analysis.

Analysis Methods.

CiteSpace is an advanced tool for visualizing and analyzing academic literature,
which generates graphical representations through quantitative analysis methods
[11,12]. The tool was originally developed by Dr. Chen and his research team in 2004
and has been continuously refined and disseminated since then [13].

At present, CiteSpace is widely used in research fields such as soil research and plant
science. In this study, we performed a visual bibliometric analysis of relevant research
records in the CNKI database with the help of CiteSpace 6.3.R1 (https://citespace.po-
dia.com/). When analyzing literature growth trends and major publishing channels, we
used data processed by CiteSpace. We then further refined and organized the data to
construct visual graphics for bibliometric analysis. Since 1999, CiteSpace has been
used to visually present the distribution of authors, research institutions and keywords.
The software focuses on using connection lines to highlight the importance of each
discipline and analyzes clustered connections between nodes [14-17]. Therefore,
CiteSpace can accurately reveal the core content of research topics related to "soil or-
ganic carbon". In addition, we also analyzed the overall publication trends using Mi-
crosoft Office Excel 2021 and Origin 2022 and drew corresponding charts based on
this.

3 Results and Discussion

3.1 Time Analysis of Literature Publication Volume

Figure 1, generated in Origin based on Excel statistics, presents the annual publication
counts related to “soil organic carbon” and “SOC” from 1995 to 2024, thereby illus-
trating the research trajectory in this field. The x-axis represents the years (1995-2024),
and the y-axis shows the number of publications (0-3000). The bar chart color transi-
tions from green to red, reflecting the trend in publication volume. The data indicate a
slow increase from 1995 to 2001, averaging 9 publications per year; a rapid growth
from 2002 to 2014, averaging 762 per year; a slower increase from 2015 to 2021, av-
eraging 1654 per year; and a sharp rise from 2022 to 2024, averaging 2038 per year.
This steady upward trend shows growing attention and importance placed on this re-
search area [18].
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Fig. 1. The number of papers published in CNKI each year from 1995 to 2024.

3.2 Institutional Analysis

By constructing an institutional cooperation network knowledge graph, the scientific
research level of various institutions in this field and their collaborative relationships
can be clearly presented. Using CiteSpace software and data from the top ten domestic
institutions ranked by the number of published papers, relevant charts were drawn (Ta-
ble 1). Among them, the University of Chinese Academy of Sciences ranked first with
691 published papers; the College of Natural Resources and Environment ranked sec-
ond with 335 papers; and another institution, University of Chinese Academy of Sci-
ences, ranked third with 332 papers. This result indicates that the University of Chinese
Academy of Sciences has a significantly higher number of published papers than the
second-ranked College of Natural Resources and Environment, reflecting University of
Chinese Academy of Sciences’s high activity, abundant research resources, and strong
innovation and output capacity in the research areas of "soil organic carbon" and
"SOC."

Furthermore, Figure 2 presents the institutional co-occurrence network, containing
N=151 nodes and E=109 connections, indicating that 151 institutions have published
related literature on this research topic, with 109 collaborative relationships between
institutions. In the figure, the low network density (0.0096) indicates that domestic re-
search collaborations are fragmented and concentrated among a handful of core insti-
tutions rather than spanning the entire research community. Furthermore, the largest
connected component encompasses only 65 % of the network’s nodes; the remaining
35 % of institutions remain functionally isolated, underscoring the presently limited
scope of collaboration. CiteSpace analysis identifies the Institute of soil and water con-
servation Chinese Academy of Sciences (betweenness centrality = 0.55), University of
Chinese Academy of Sciences (0.48), and Graduate School, University of Chinese
Academy of Sciences (0.47) as the principal hubs that function as “bridges” among
disparate research communities. Conversely, numerous institutions exhibit zero or
near-zero betweenness, coupled with a very low network density, indicating that most
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collaborations remain confined within individual disciplines, with minimal cross-disci-
plinary interaction. The figure shows that domestic research institutions collaborate
closely in the fields of environmental science and agronomy, but collaborations across
different disciplines are often limited to their own fields, lacking interdisciplinary con-
nections. Future research could be guided by policies, especially those related to sus-
tainable development and environmental protection, to promote practical applications
of relevant studies and encourage effective interdisciplinary cooperation among insti-
tutions in various areas to stimulate innovation potential.

Table 1. Ranking of domestic institutions by the number of publications.

CiteSpace

Do Enioumen,
al University

Rank Institutions Count Central
University of Chinese Academy of Sciences 691 0.48
College of Natural Resources and Environmen 335 0.24
Graduate School, University of Chinese Academy of Sciences 332 0.47
School of Geographical Sciences 257 0.05
Institute of soil and water conservation Chinese Academy of Sciences 231 0.55
College Of Resources And Environment Jilin Agricultural University 160 0.14
Northeast Institute of Geography and Agroecology, Chinese Academy of 157 0.17
Sciences
School of Resource and Environmental Science, Nanjing Agricultural 149 0.05
University
Institute of Soil and Water Conservation, Northwest A&F University 138 0.31
Institute of Applied Ecology, Chinese Academy of Sciences 136 0.03
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Fig. 2. Institutional collaboration network knowledge map.
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3.3 Keyword Analysis

Research Hot Spots Analysis.

Research hot spots refer to a type of literature that shares a certain specific connec-
tion. The topics studied in these literatures are called research hot spots [19]. Keywords
are the subject of the literature, and research hotspots are determined by the frequency
of keywords. The higher the frequency of keywords, the more attention it receives from
researchers [20]. Centrality is used to evaluate the importance and influence of nodes
in facilitating connections between other nodes. Centrality is independent of the size of
the node, but is based on the number of connections through a specific node. When the
centrality is greater than or equal to 0.1, it indicates that this keyword is an important
topic in the research field. By using the CiteSpace software, a keyword co-occurrence
graph for soil science and agronomic research (Figure 3) and a high-frequency mediator
central word list (Table 2) were created. The central word list is used to explain the
keyword co-occurrence graph.

Subsequent keyword co-occurrence analysis revealed 148 nodes (N = 148) and 561
edges (E = 561) in Figure 3, underscoring the broad scope of the research domain and
the strong interconnections among keywords. In the figure, each node represents a key-
word, the size of the node is proportional to its occurrence frequency, and a larger node
means a higher occurrence frequency; while the depth of the color indicates the focus
of the keyword in recent research. The darker the color means the more attention it has
received in the recent past [21]. It can be seen from Figure 3 that the research mainly
focuses on core topics such as soil organic carbon, organic carbon and soil.

In summary, according to the data in Table 2 and Figure 3, "soil organic carbon" is
the most frequent keyword, mainly because "soil organic carbon" is the core topic of
the research, leading to its frequent appearance and high centrality in the literature.
Although "organic carbon" ranks second in frequency, "organic carbon" has the highest
centrality, indicating its more critical connecting role in the research network and that
it is a key focus in the field. Besides "soil organic carbon" and "organic carbon," other
high-frequency keywords include "soil," "soil nutrients," "soil aggregates," and "straw
return." Among them, "soil" ranks third in both frequency and betweenness centrality,
reflecting its importance as a research subject in this field. "Soil" mainly relates to the
study of organic carbon storage locations and influencing factors. Additionally, most
other keywords are related to soil science and agronomy, indicating domestic research-
ers’ strong focus on soil health, sustainable soil use, and environmental management.

Table 2. Table of high-frequency keywords.

Rank Keywords Count  Central
1 Soil Organic Carbon 2481 0.27
2 Organic Carbon 1541 0.76
3 Soil 1034 0.23
4 Soil Nutrients 911 0.14
5 Soil Aggregation 561 0.39
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6 Straw Incorporation 450 0.12
7 Soil Physicochemical Properties 439 0.06
8 Biochar 410 0.06
9 Soil Enzyme Activity 388 0.12
10 Soil Respiration 351 0.05
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Fig. 3. Keyword co-occurrence network map.

3.4  Research Trend Analysis

Using the clustering function of CiteSpace software, all keywords were categorized and
their evolutionary trends over time were displayed. Clustering groups closely related
keywords, with each cluster number corresponding to a different cluster value. In Fig-
ure 4, the keywords are divided into 11 categories. Detailed information is provided in
the upper left corner of the figure, where the Q value measures clustering quality (Q >
0.3 indicates significant modularity) and the S value assesses clustering consistency
(S > 0.5 indicates more reasonable clustering) [22]. Figure 4 shows a Q value of 0.825
and an S value of 0.9469, indicating good clustering performance that clearly reflects
the categories and characteristics of the keywords.

Subsequently, Figure 4 uncovers several key clusters and their temporal evolution.
Based on the nature of each cluster, it can be observed that Cluster group #2 (Soil Or-
ganic Carbon), Cluster group #3 (Soil Physical and Chemical Properties), and Cluster
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group #5 (Soil Aggregation) are all related to soil structure; whereas Cluster group #1
(Soil Respiration), Cluster group #9 (Carbon Cycling), and Cluster group #10 (Enzyme
Activity) are all associated with the dynamic movement of carbon within the soil.
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Fig. 4. Chronological keyword map.

Keywords Year Strength Begin End 1995 - 2024
soil 1995 3111 1995 2005
adsorption 1997 35.53 1997 = 2011
carbon cycle 1998 43.14 1998 2012
land use 1998 33.33 2004 2013
wetland 2005 23.65 2005 2011
soil respiration 2005 18.80 2005 2012
microbial biomass carbon 2007 42.36 2007 2017
long-term fertilization 2007 20.57 2007 2015
no-tillage 2008 24.69 2008 2015
soil organic carbon density 2009 19.73 2009 2013
carbon density 2010 30.94 2010 2016
carbon stock 2007 22.10 2010 2016

organic carbon mineralization =~ 2017 23.00 2017 2022
ecological stoichiometry 2019 20.63 2019 2024
high-yhroughput sequencing 2019 19.60 2019 2022

alpine meadow 2018 18.77 2020 2024 | —
biochar 2015 21.28 2021 2024 e —
microorganism 2013 19.32 2021 2024 e —
community structure 2022 18.91 2022 2024 —
organic carbon fractions 2017 17.61 2022 2024 —

Fig. 5. Keywords exhibiting the most pronounced citation bursts ranked by intensity.
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The clustering relationships can be primarily categorized into two major types: The
first type of soil structure: Cluster group #2 focuses on soil organic carbon, with key-
words such as soil organic matter, soil quality, croplands, seasonal dynamics, total soil
nitrogen, and carbon sequestration. This cluster highlights the primary forms of carbon
storage, which underpin soil fertility and carbon sink functions. Cluster group #3 in-
volves soil physicochemical properties, including soil microbes, vegetation restoration,
organic carbon density, alpine meadows, soil enzymes, and community structure. This
cluster illustrates the factors that directly influence the stability and decomposition rates
of organic carbon. Cluster group #5 centers on soil aggregates, with keywords including
water-soluble organic carbon, humic acid, soil organic carbon density, spatial distribu-
tion, and speculative carbon storage. This cluster shows how aggregate structure pro-
tects organic carbon from microbial decomposition, a key mechanism for carbon se-
questration. The second type of carbon cycle in soil: Cluster group #1 centers on soil
respiration, encompassing terms related to climate change, temperature, land use mod-
els, organic carbon mineralization, and litter. Soil respiration, which first appeared in
2005, is the most representative keyword, indicating carbon output and soil metabolic
activity. Cluster group #9 centers on the carbon cycle, with keywords such as paddy
soils, soil erosion, land use change, biochar, and meta-analysis. Cluster groups#10 cen-
ters on enzyme activity, with keywords including soil fertility, nutrients, nitrogen addi-
tion, and microbial communities.

These 10 clustering groups can be divided into three stages:The first stage focuses
on basic static properties, including soil physical and chemical properties, the content
and distribution of soil organic carbon, and soil aggregates, addressing the core ques-
tions of "where is carbon located?" and "how much carbon exists?".The second stage
takes soil respiration and enzyme activity as key indicators, and combines the carbon
cycle framework to analyze the processes of carbon transformation and loss as well as
their microscale driving mechanisms, responding to the question of "how is carbon
transformed and lost?".The third stage uses biochar as a representative regulatory meas-
ure to intervene in the core links of the first two stages, and relies on the carbon pool
management index (CPMI) to evaluate the size, activity, and stability of carbon pools,
solving the applied questions of "how to manage and improve soil carbon pools?" and
"what is the effect of such management?".

The forefront of research refers to the large number of emerging research-related
topics that appear during specific stages of study. Identifying these frontier domains is
pivotal for grasping the latest disciplinary advances, forecasting future research trajec-
tories, and uncovering latent hotspots. [23]. The frequency of keyword appearance, that
is, the number of occurrences of a certain word in the abstract, keyword list and title,
can reflect the hot issues in the field and thus reveal its cutting-edge development di-
rection [24]

Figure 5 presents the burst term graph of the soil organic carbon field from 1995 to
2024 generated using CiteSpace software, analyzing the top 20 keywords by impact.
Research in this field can be divided into two phases: The first phase (1995-2016) pri-
marily focused on terms such as “soil,” “carbon cycle,” “land use,” “soil respiration,”
“microbial biomass carbon,” “long-term fertilization,” “carbon density,” and “carbon
storage.” This indicates that since 1995, research in the field has been exploring soil
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carbon-related issues, with a core focus on “soil” as the medium, gradually extending
to key terms like “adsorption,” “carbon cycle,” and “soil respiration,” forming a re-
search framework centered on “soil carbon cycling and its maintenance mechanisms.”
The second phase (2016-2024) shifted focus to “organic carbon mineralization,” “eco-
logical stoichiometry,” “high-throughput sequencing,” “biochar,” “microbes,” and “or-
ganic carbon components,” with 2016 marking a key transition point in the field’s re-
search. The focus transitioned from the basic mechanisms of soil carbon cycling in the
first phase to more application-oriented and interdisciplinary directions. In this second
phase, emerging keywords such as “biochar,” “microbes,” “community structure,” and
“organic carbon components” reveal the field’s cutting-edge directions and the rise of
interdisciplinary research.

99 <

4 Conclusions and Prospects

This study employs bibliometric analysis and visualization techniques to examine soil
organic carbon-related literature from the China National Knowledge Infrastructure
(CNKI) database over nearly 30 years. It reviews publication dates, annual output,
achievements of domestic research institutions, research hotspots, and future trends.

The number of research papers in this field has steadily increased over the past three
decades, with research interest gradually rising in three phases: a stable growth period
from 1995 to 2014, with an average of 762 papers per year; a slow growth period from
2014 to 2021, averaging 1,654 papers annually; and a rapid growth phase from 2022 to
2024, with an average of 2,038 papers per year. This trend reflects researchers’ growing
attention to the field.

Among domestic research institutions, the University of Chinese Academy of Sci-
ences has published the most papers, with a total of 691 articles from 1995 to 2024,
demonstrating its emphasis and technical leadership in this domain. Currently, cooper-
ation among research institutions is relatively close, but interdisciplinary collaboration
remains limited, mostly confined within respective fields. Promoting effective interdis-
ciplinary cooperation could stimulate innovation potential in the future.

Over time, soil organic carbon research has deepened, evolving from preliminary
exploration to focusing on areas such as biochar, community structure, and organic
carbon components. Emerging keywords in recent years indicate current major research
directions and will likely be key focuses going forward.

In China, soil organic carbon research is highly valued for its important role in main-
taining the global carbon cycle, promoting sustainable agriculture, protecting biodiver-
sity, and improving soil quality. Continued research in this area holds significant sci-
entific and practical value for addressing global challenges.
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