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Agricultural activities constitute the second-largest contributor to greenhouse
gas emissions. Proactively mitigating agricultural carbon emissions is crucial for
safeguarding the ecological en-vironment, improving agricultural productivity,
and fostering long-term ecological sustainability. This paper employs
bibliometric analysis to examine the research status, hot topics, and devel-
opment trends of agricultural carbon emissions in China over the past
2 decades. Based on Citespace software, the study primarily conducts visual
analysis on 660 academic articles on ag-ricultural carbon emissions collected
from the China National Knowledge Infrastructure (CNKI) between 2001 and May
2023, including publications indexed in Peking University Chinese Core Journals
(PKU Core), Chinese Social Sciences Citation Index and Chinese Science Citation
Database. The analysis covers publication quantity, author cooperation,
institution cooperation, keyword co-occurrence, keyword clustering, keyword
burst, keyword timeline, and keyword timezone. Research results indicate: (1)
From the annual publication volume changes perspective, research on China’s
agricultural carbon emissions demonstrates a rapid upward trend in the new era,
with increasing research interest. (2) The core net-work of research authors has
been established, primarily concentrated in agricultural and forestry universities,
and the core network of institutions in this field is gradually forming. However,
collaboration networks between authors and research institutions are relatively
dispersed, necessitating strengthened collaboration among institutions. (3)
Current research on agricultural carbon emissions predominantly focuses on
the challenges of reducing agricultural carbon emissions in China under the “dual
carbon” goals, measures, and pathways to achieve agricultural carbon emission
reductions; performance evaluation of agricultural carbon emissions, factors
affecting these emissions, and their reduction potential; as well as the
relationship between agricultural carbon emissions and agricultural economic
growth. Future research should delve deeper into the precise accounting of
agricultural carbon emissions under the “dual carbon” goals, their underlying
mechanisms, and issues related to precise and differentiated agricultural carbon
reduction strategies. (4) The development trajectory of domestic agricultural
carbon emissions research shows a period of germination from 2001 to 2009, a
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development stage from 2010 to 2015, and a deepening stage from 2016 to 2023,
with a notable increase in publications in 2021, signifying a new upward phase in

research output.
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development trends

1 Introduction

Related research indicates that excessive carbon emissions in
the sectors of agriculture, livestock, and industry adversely affect
the development of climate, ecology, and human society. The
processes of emission reduction associated with agricultural
production, livestock, and industrial production are receiving
significant attention (Abbas et al., 2023; Elahi et al., 2024; Elahi
and Khalid, 2022; Odhiambo et al., 2020; Abbas et al., 2022;
Waseem et al., 2022). Excessive carbon emissions can adversely
impact climate, ecology, and human society (Kabir et al., 2023).
The rise in carbon emissions leads to extreme and adverse
weather conditions, further depleting the ozone layer, causing
global climate warming, inducing the greenhouse effect, affecting
the stability of the ecological environment, ultimately posing a
threat to agricultural production, impacting global food yields,
and endangering human survival (Huisingh et al, 2015).
Currently, on a global scale, China is the largest carbon
emitter. According to data from the “2023 China Agricultural
and Rural Low-Carbon Development Report,” the total carbon
emissions from agricultural production in China amount to
828 million tons of carbon dioxide, representing 6.7% of the
nation’s total carbon emissions. While the overall proportion of
agricultural carbon emissions may not be high, challenges persist,
particularly concerning the significant release of harmful
greenhouse gases from livestock farming and the increased
carbon emissions due to excessive fertilizer use in agriculture
(Raihan et al, 2023). Greenhouse gases generated from
agricultural production mainly stem from livestock farming,
fertilizer usage, agricultural land use, crop burning, and
deforestation (Stavi and Lal, 2013). Therefore, improving
agricultural production methods and land use practices is
crucial to reducing carbon dioxide emissions.

In recent years, in response to the national “dual-carbon”
goals, scholars have actively engaged in extensive research on
agricultural carbon emissions, achieving fruitful outcomes. The
academic community has made significant contributions in areas
such as the estimation of agricultural carbon emissions,
identification of influencing factors, and strategies for carbon
reduction in agriculture (Huang et al., 2019; Litskas et al., 2007).
Moreover, systematic reviews and analyses of research hotspots
and trends in the field of agricultural carbon emissions in China
have been further enriched. Currently, there is a limited number
of comprehensive review articles on agricultural carbon
emissions in China, primarily addressing topics such as the
effects,
agricultural carbon emissions, low-carbon agriculture, and

analysis of agricultural carbon estimation  of
agricultural carbon emissions (Han et al., 2018; Zhu and Huo,

2022; Yun et al., 2014). Existing literature can be categorized into
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two main aspects: first, analyzing the current status and issues of
agricultural carbon emissions through content and logical
analysis (Zhao et al., 2021; Liu et al, 2020); second,
visualizing the research hotspots and trends using Citespace
software (Yu et al., 2023). However, there is currently limited
research analyzing the research trajectory of agricultural carbon
emissions, and there is a lack of in-depth analysis of research
hotspots in this field.

To address this gap, this paper will employ CiteSpace
software to visually analyze the historical evolution, research
hotspots, and developmental trends of agricultural carbon
emissions in China. The analysis will include examining
collaboration relationships among the literature, research
hotspots, and the evolution of research themes. While this
study’s reliance on Citespace software and its focus solely on
the CNKI database may introduce some limitations in
generalizability, it is beneficial for highlighting China’s stance
on carbon emission research. This approach allows for an in-
depth exploration and analysis of China’s agricultural carbon
emissions, offering new perspectives for researchers in the field,
serving as a reference for subsequent studies, and promoting
more systematic and comprehensive research on agricultural
carbon emissions.

2 Literature background

The trend of agricultural carbon emissions in China shows an
initial increase fol-lowed by a subsequent decrease, with varying
growth rates evident in different stages (Liu et al., 2023; Chen
et al,, 2020a). Numerous scholars have systematically researched
the issue of Chinese agri-cultural carbon emissions, which can be
summarized in four main aspects: First, the estimation,
spatiotemporal characteristics, and driving mechanisms of
agricultural carbon emissions have been investigated (Dai
et al., 2023). Second, scholars have analyzed the performance
and assessed the reduction potential of agricultural carbon
emissions (Li et al., 2023; Chen et al., 2023). In recent years,
although agricultural production performance has improved,
regional imbalances and spatial clustering effects have been
Third,
testing of low-carbon agriculture have been conducted (Yang
et al., 2023; Hao, 2022). Theoretical research has focused on the
concepts, challenges, and development paths of low-carbon

prominent. theoretical exploration and empirical

agriculture. Fourth, the relationship between agricultural
industrialization and agricultural carbon emissions has been
studied (Prastiyo et al., 2020; Dong et al., 2020). These studies
contribute valuable insights into understanding and addressing

the issue of agricultural carbon emissions in China.
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3 Research methodology and
data sources

3.1 Research methodology

Bibliometrics involves the statistical analysis of literature data to
study the distribution structure, quantity relationships, and patterns
of change in literature. It is a method used to predict the frontiers
and trends in developing a discipline based on this analysis.
CiteSpace, a widely used bibliometric software, was developed by
a team led by Professor Chaomei Chen at Drexel University in the
United States (Chen, 2006). It is based on co-citation analysis theory
and pathfinding network algorithms. CiteSpace extracts and
reconstructs information such as authors, institutions, and
keywords, enabling tracking hotspots and development trends in
research areas (Chen et al., 2012). Therefore, CiteSpace analysis can
be used to study the trends and dynamics of the development of a
discipline or knowledge domain over a certain period, such as
research progress, frontiers, and knowledge foundations. It can
also clarify complex relationships in citation networks, such as
collaborative authors, institutions, journals, etc. CiteSpace helps
answer questions such as: which literature is groundbreaking and
landmark? What research topics dominate the field? How does the
research frontier evolve? CiteSpace software has been applied in
information science, education, economics, and management. This
paper will use CiteSpace version 6.2. R3 to organize, analyze, and
visualize literature information. The time interval is set from 2001 to
2023, with a time slice set to 1. Node types are selected as authors,
institutions, and keywords, retaining the top 20 data for each time
slice. The network graph is pruned using pathfinding, and other
parameters are set to default values.

3.2 Data source

The China National Knowledge Infrastructure (CNKI) serves as
a comprehensive full-text database, providing domestic and
international readers with access to a wide array of resources
including academic literature, Chinese scholarly documents,
foreign language materials, and theses among others. As such,
CNKI is frequently regarded as one of the primary sources for
data collection in bibliometric analysis. The primary data source
utilized in this study comprises the Chinese core journals list (as
recognized by Peking University), the Chinese Social Sciences
Citation Index (CSSCI), and the Chinese Science Citation
Database (CSCD), all of which are accessible through the
CBKI database.

The data was acquired on 12 June 2023, from the online
database of Guangdong University of Finance Library. The search
keywords were as follows: “agricultural carbon emissions” or
“agricultural carbon reduction” or “crop production carbon
emissions” or “livestock carbon emissions” or “agropastoral
carbon emissions” or “agricultural energy carbon emissions,”
covering the period from January 2001 to June 2023. A total of
834 original documents were initially retrieved. After eliminating
duplicates, publications irrelevant to the topic, conference
reviews, and non-academic documents such as news articles, a
final set of 660 valid documents dated from 2001 to May 2023 was
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FIGURE 1
The number of publications versus 2001-2023.

compiled. These documents form the foundational dataset for
this research.

4 Bibliometric and analytical approach

4.1 Characteristics of temporal variation in
publication volume

To understand the development trends in the field of
agricultural carbon emissions in China, this study analyzed the
changing trends in publication volume over time. As depicted in
Figure 1, the overall research output in this field from 2001 to
2022 exhibits a linear upward trend. Additionally, the publication
volume in this field shows distinct phased characteristics.

Between 2001 and 2023, the literature on agricultural carbon
emissions in China can be broadly categorized into four stages:
2001-2009, 2010-2011, 2012-2020, and 2021-2023. From 2001 to
2009, the first stage represented the nascent phase of agricultural
carbon emission research, characterized by an average publication
output of 2 articles. During this period, China, in 2005, introduced
the concept of “energy conservation and emissions reduction” in the
11th Five-Year Plan. Academic understanding of agricultural carbon
emissions was limited, focusing primarily on soil respiration. During
this phase, both the government and the general public had a
relatively low awareness of energy conservation, with the primary
focus being on promoting economic production extensively. The
second stage, covering 2010-2011, witnessed a rapid increase in
publication output. The second phase, spanning 2010-2011, is
characterized by a rapid increase in the volume of publications.
During this period, there was a noticeable rise in the number of
articles related to agricultural carbon emissions, marking the first
inflection point in the publication trend: the year 2010. The
emergence of this inflection point can be attributed to the
influence of the contemporary historical context of the time
period: The notable surge was attributed to the “National
Program for Addressing Climate Change in China” re-lease in
2007. Simultaneously, the 12th 5-year plan set targets for
increasing low-carbon energy usage and reducing fossil energy
consumption, prompting agricultural experts to delve into
research on agricultural carbon effects. At the same time, the
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TABLE 1 Highly cited documents on agricultural carbon emissions research from 2001 to 2019 in CNKI database.

Citation Title of publication Author(s) Year of
frequency publication

1 1,054 Spatiotemporal Characteristics and Influencing Factors of Carbon Emissions from | Li Bo et al. 2011
Agriculture in China

2 488 Research on Carbon Emissions from Agriculture in China: Calculation, Tian Yun et al. 2012
Spatiotemporal Comparison, and Decoupling Effects

3 476 Analysis of Carbon Emission Effects from Different Land Use Methods in Jiangsu | Li Ying et al. 2008
Province

4 433 Provincial Agricultural Carbon Emissions in China: Calculations, Efﬁciency Changes, | Wu Xianrong et al. 2014
and Influencing Factors—Based on the DEA-Malmquist Index Decomposition
Method and Tobit Model Application

5 328 Research on Agricultural Carbon Footprint: A Case Study of Zhejiang Province Huang Zuhui et al. 2011

6 318 An Empirical Analysis of the Decomposition of Factors Contributing to Carbon Li Guozhi et al. 2010
Emissions from Energy Consumption in Agriculture in China—Based on the LMDI
Model

7 266 The Structure, Efficiency, and Determining Mechanisms of Agricultural Carbon Zhang Guangsheng 2014
Emissions in China et al.

8 261 Study on the Variations of Net Carbon Effects in Agricultural Production in China | Tian Yun et al. 2013

9 231 An Empirical Study on Carbon Emissions and Economic Development in Chinese | Li Bo et al. 2011
Agriculture

10 209 Driving Green Transformation in Agriculture with Low Carbon: Characteristics of | Jin Shu tai et al. 2021
Carbon Emissions in Chinese Agriculture and Its Mitigation Pathways

goals set forth in the “12th Five-Year Plan” significantly heightened
the government and public’s attention to “low-carbon” initiatives
and “energy conservation and emission reduction.” Within this
historical context, there emerged a growing awareness that
environmental protection should be considered alongside the
promotion of production. The third stage, spanning 2012-2020,
marked a period of stability in agricultural carbon emission re-
search. The average publication output in this phase was 42 articles,
indicating a significant increase. Additionally, the second critical
period regarding agricultural carbon emissions emerged in 2012.
The substantial increase in publication volume during this period
can primarily be attributed to the Ministry of Agriculture issued
opinions on further strengthening energy conservation and
emission reduction in agriculture and rural areas in 2011. During
this period, the “Dual Control Targets” were proposed under the
“13th Five-Year Plan for Comprehensive Energy Conservation and
Emission Reduction,” gradually drawing attention to agricultural
carbon emissions. Simultaneously, the Paris Agreement, adopted in
November 2016, has spurred Chinese scholars to intensify their
research in the field of carbon emissions. By 2020, there was a 15%
decrease in energy consumption per unit of GDP compared to 2015,
with total energy consumption controlled within 5 billion tons of
standard coal. This further heightened the focus on agricultural
carbon emissions. As environmental issues have begun to impact the
living conditions of the general public, attention to agricultural
carbon emissions has significantly increased. The fourth stage,
spanning 2021-2023,
publication output, This brings us to the third key point in the
agricultural carbon issue: 2021. The renewed attention was associ-

witnessed a secondary increase in

ated with the introduction of green and sustainable development in
the 14th Five-Year Plan in 2020 and China’s formal commitment, at
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the 75th United Nations General Assembly, to achieve peak carbon
emissions by 2030 and carbon neutrality by 2060-the “Dual
Carbon” goals. From this analysis, it is evident that across these
four stages, several inflection points have emerged, with particular
emphasis on the years 2012 and 2021. During these 2 years, the
volume of publications on the topic of agricultural carbon emissions
experienced significant increases. The occurrence of these inflection
points also reflects the specific historical context of those times,
underscoring the increasing attention that the nation has been
paying to environmental issues.

4.2 Co-citation analysis of literature

The citation frequency of referenced documents can elucidate
their referential significance to the studied theme, with insights for
research likewise stemming from these citations, literature with
higher citation frequencies often indicates greater research value
and significance. In the CNKI database, the top 10 journal articles on
agricultural carbon emission research by citation frequency from
2001 to 2023 are presented in Table 1.

Within these documents, it is highlighted that the development
of the agricultural economy is the primary factor leading to an
increase in agricultural carbon emissions (Li et al., 2011), aligning
with the findings of some scholars who have tested the
Environmental Kuznets Curve (EKC) in relation to economic
development and the agricultural resource environment.
Currently, literature has discussed how both environmental
quality and economic development in China’s central and
western regions are positioned on the left side of the inverted

U-shaped Environmental Kuznets Curve (Sun and Lin, 2018),
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FIGURE 2
The corresponding knowledge graph by Tian Yun from 2001 to 2023.
further indicating that economic development will persist in  authors, and the overall distribution of authors is

degrading environmental quality (Chen et al., 2020b; Wang et al.,
2019). It is also mentioned that as China’s agricultural economy
develops, agricultural carbon emissions are expected to increase. In
the foreseeable future, the main factors affecting the increase in
China’s agricultural carbon emissions will continue to be the
development of the agricultural and rural economy (Ran et al,
2011). Therefore, under rapid economic growth, there is a need for
in-depth
agricultural carbon emissions and the associated policy guidelines.

research on emission reduction technologies for

4.3 Collaboration author co-
occurrence analysis

The collaboration relationships among authors in the field
can be intuitively understood through the co-authorship network
diagram (Figure 2), The connections and colors between nodes
represent the collaboration among authors, and the thickness of
these lines indicates the degree of cooperation. The diagram
consists of 458 nodes and 376 edges, with a network density
of 0.0036, indicating relatively limited collaboration among
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relatively scattered.

From Figure 2, the co-authorship network, and Table 2, listing
the top 20 authors by publication frequency, it is observed that Tian
Yun has the highest publication output (36 articles), followed by
Zhang Junbiao (35 articles), and He Yanqiu (13 articles).
Subsequently, there are Wu Xianrong, Li Bo, and Dai Xiaowen.
Eight authors, each with at least 6 publications, are identified,
indicating a scarcity of highly productive authors.

The co-authorship network is notably evident in five pairs: Tian
Yun and Zhang Junbiao, Wu Xianrong, Li Bo, etc.; Zhang Junbiao
and Li Bo, Cheng Linlin, etc.; He Yan qiu and Dai Xiaowen, etc.; Pan
Genxing and Zhang Xuhui, etc.; Su Yang and Ma Huilan, etc. The
co-authorship networks suggest the formation of small-sized teams
in the re-search of agricultural carbon emissions. According to
Figure 2, it is evident that highly productive authors tend to
collaborate more frequently.

In summary, the authors of publications on the agricultural
carbon effect in China exhibit a state of “generally dispersed with
localized concentration.”
author groups.
individual authors publishing independently.

There are relatively few collaborative

Moreover, the more common scenario is
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TABLE 2 Top 20 authors in terms of posting frequency.

10.3389/fenvs.2024.1359477

Serial number Frequency Centrality Vintages

1 36 0 2011 Tian et al.
2 35 0 2011 Zhang et al.
3 13 0 2015 He et al.
4 12 0 2014 Wu et al.
5 11 0 2011 Li et al.

6 8 0 2014 Dai et al.
7 7 0 2014 Su et al.

8 6 0 2015 Cheng et al.
9 5 0 2005 Pan et al.
10 5 0 2018 He et al.
11 5 0 2017 Wu et al.
12 4 0 2014 Wu et al.
13 4 0 2023 Zhang et al.
14 4 0 2019 Yang et al.
15 4 0 2014 Ma et al.
16 4 0 2014 Yuan et al.
17 4 0 2016 Tang et al.
18 4 0 2009 Li et al.
19 4 0 2020 Wu et al.
20 4 0 2023 Ji et al.

4.4 Co-occurrence analysis of cooperating
institutions

Utilizing CiteSpace to investigate the co-occurrence network of
publishing institutions facilitates the exploration of collaborative
relationships among various institutions within the field. The co-
occurrence network diagram for institutions involved in agricultural
carbon emissions research in China (Figure 3) encompasses
361 nodes and 242 edges, with a network density of 0.0037, The
lines and colors between nodes represent the collaboration among
institutions, and the density of these lines indicates the level of
cooperation. This density indicates minimal collaboration among
publishing institutions, reflecting an overall decentralized pattern of
collaboration.

Analysis of Figure 3; Table 3 reveals that the institution with
the highest publication output is the School of Economics and
Management at Huazhong Agricultural University, followed by
the Business School at Zhongnan University of Economics and
Law. Moreover, 13 institutions are contributing eight or more
publications, primarily consisting of agricultural universities
and, to a lesser extent, agricultural research institutes. In
summary, two major collaboration networks have emerged
within this re-search domain, led by the School of Economics
and Management at Huazhong Agri-cultural University and the
School of Economics and Management at China Agricultural
University, respectively.
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The Business School at Zhongnan University of Economics and
Law, ranking second in publication output, collaborates solely with
the School of Economics and Management at Huazhong
Agricultural
collaboration network. Additionally, two smaller collaboration

University ~ without ~ forming an  extensive
networks have formed, led by the School of Economics and
Management at Nanjing Agricultural University and the School

of Economics and Management at Northeast Forestry University.

4.5 Co-occurrence analysis of keywords

Keywords serve as a concrete representation and refined
summary of research topics. Analyzing high-frequency keywords
allows for identifying research hotspots within a specific field. The
frequency of keywords correlates positively with the quantity of
research outcomes. The keyword co-occurrence network diagram
(Figure 4) comprises 375 nodes and 644 edges, with a network
density of 0.0092. In keyword co-occurrence network maps, there
are two important metrics: “keyword frequency” and “keyword
centrality.” Keywords are represented as nodes, where the size of
a node indicates the frequency of the keyword’s occurrence. The
larger the node, the more frequently the keyword appears in the
dataset. Centrality reflects the status or importance of the keyword
within the network of all keywords. To explore the status and
relationships among keywords, the table presents the top
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The cooccurrence network diagram for institutions involved in agricultural carbon emissions research in China.

20 keywords by frequency and centrality (Table 4). The keyword
co-occurrence knowledge graph and keyword intermediary
centrality are shown in Figure 4; Table 3.

As indicated by Figure 4; Table 4, the most frequently occurring
followed by
“China,”
“carbon neutrality,” “planting industry,”
peak,” Table 3 reveals that
emissions” has the highest intermediary centrality, followed by

keyword is “carbon emissions,” “low-carbon

» o«

agriculture,” “carbon reduction,” “influencing factors,”

“agriculture,” “carbon
and “greenhouse gas.” “carbon
“China” and “influencing factors,” and then “carbon neutrality.”
This suggests that the primary focus in agricultural carbon emissions
lies in measuring agricultural carbon emissions, carbon reduction in
agriculture, influencing factors, and carbon emissions from the
planting industry.

5 Research hotspot and evolution trend
5.1 Research hotspot

Keyword cluster analysis involves categorizing all extracted
keywords using CiteSpace, cluster analysis can be used to delineate

related research fields. Previous research has suggested that a
clustering module value exceeding 0.3 indicates a significant
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clustering structure and an average silhouette value exceeding
0.7 is considered an efficient clustering. Moreover, clustering is
deemed reasonable when the average silhouette is 0.5 or higher.
The keyword clustering graph (Figure 5) was obtained by
adjusting parameters, resulting in a module value of 0.663,
indicating a significant clustering structure, and an average
silhouette value of 0.900,
results. There are eight clusters: carbon emissions, low-carbon

suggesting reasonable clustering

agriculture, carbon reduction, carbon peak, greenhouse gases,
influencing factors, emission reduction, agriculture, and carbon
sequestration. The order ranges from 0 to 8, with smaller numbers
indicating more keywords in the cluster. Each cluster comprises
closely related words. Globally, the research directions concerning
agricultural carbon emissions are divided into three main areas:
measurement of agricultural carbon emissions, methods and
policies related to agricultural carbon reduction, and the
interrelationship ~ between  economic  development and
agricultural carbon emissions. As illustrated in Figure 5, the
current research hotspots in China’s agricultural carbon
emissions include topics such as carbon emissions, low-carbon
agriculture, and carbon reduction strategies. By conducting
cluster analysis on the keywords of relevant literature, the key
research hotspots in China’s agricultural carbon emissions have

been summarized as follows:
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TABLE 3 Top 20 organizations in terms of frequency of issuance.

10.3389/fenvs.2024.1359477

Serial number Frequency Centrality Vintages Institutions
1 46 0.01 2011 School of Economics and Management, Huazhong Agricultural University
2 23 0 2012 School of Business Administration, Zhongnan University of Economics and Law
3 20 0 2011 Hubei Rural Development Research Center
4 15 0.01 2011 School of Economics and Management, China Agricultural University
5 14 0 2015 School of Management, Sichuan Agricultural University
6 11 0.01 2009 Institute of Geographic Sciences and Resources, Chinese Academy of Sciences
7 11 0.01 2014 University of Chinese Academy of Sciences
8 10 0 2011 School of Economics, Central South University for Nationalities
9 10 0 2012 School of Economics and Management, Nanjing Agricultural University
10 10 0.01 2011 Institute of Agricultural Economy and Development, Chinese Academy of Agricultural Sciences
11 10 0 2012 School of Economics and Management, Northeast Forestry University
12 8 0 2010 Institute of Agricultural Resources and Agricultural Regionalization, Chinese Academy of
Agricultural Sciences
13 8 0 2018 School of Economics and Management, Northwest A&F University
14 7 0 2014 School of Economics and Trade, Xinjiang Agricultural University
15 6 0 2016 School of Economics and Management, Shandong Agricultural University
16 6 0 2021 School of Economics, Guizhou University
17 5 0 2017 School of Economics and Management, Nanchang University
18 5 0 2009 Graduate University of Chinese Academy of Sciences
19 5 0 2013 School of Economics and Management, Northeast Agricultural University
20 5 0 2013 Institute of Rural Development, Chinese Academy of Social Sciences

Under the “dual carbon” goals, China’s agricultural carbon
emission reduction dilemmas, measures to achieve carbon reduction,
and pathways for reduction are identified, including topics such as
#2 low-carbon reduction, #3 carbon peaking, #6 emission reduction,
and #8 carbon sequestration and reduction tags. For instance, the
challenges faced by China in regulating agricultural carbon emissions
are analyzed, and based on summarizing the advanced regulatory
experiences of the European Union, Canada, Australia, Israel, and
other countries, recommendations are proposed for establishing
China’s top-level design for agricultural carbon emissions, perfecting
agricultural carbon trading, constructing a comprehensive agricultural
carbon system, and establishing a green finance support system (Jiang
et al, 2021). Scholars have also proposed pathways for emission
reduction by driving agricultural green transformation through low-
carbon approaches (Jin et al.,, 2021); moreover, discussions have covered
the greenhouse gas emission reduction pathways for northern
agricultural ecosystems following the principles of stabilizing energy
consumption and increasing both carbon sequestration and reduction,
as well as four models of carbon sequestration and reduction including
low-carbon cycling, capacity expansion and carbon increase, carbon-
optimized breeding with nitrogen saving and carbon preservation (Cai
and Wang, 2022).

The performance evaluation of agricultural carbon emissions,
influencing factors, and the study of reduction potential, such as
#0 carbon emissions and #5 influencing factors cluster tags. Scholars

Frontiers in Environmental Science

have analyzed the driving factors and mechanisms of cropland carbon
emissions in the Northeast region (Zhou et al,, 2021); meanwhile, the
agricultural carbon emissions of the planting industry and livestock
breeding in Jiangsu Province have been measured, and their emission
performance and reduction potential evaluated (Chen et al, 2021);
scholars have also studied the efficiency changes and influencing factors
of provincial agricultural carbon emissions in China (Wu et al,, 2014).
Additionally, the efficiency and reduction potential of China’s
agricultural carbon emissions have been analyzed (He et al, 2021),
exploring the spatial spillover effects and influencing factors of
agricultural carbon emission efficiency from industrial, elemental,
and environmental perspectives, and analyzing the impact of policies
in major grain-producing areas on agricultural carbon emissions (Wu
et al., 2021).

The relationship between agricultural carbon emissions and
agricultural economic growth, as identified by #1 low-carbon
agriculture and #7 agriculture cluster tags. Scholars have
measured the overall agricultural carbon emissions in Hubei
Province using corresponding formulas, identifying the main
factors affecting agricultural carbon emissions through factor
decomposition, where the growth of the agricultural economy is
found to continuously increase agricultural carbon emissions (Tian
et al, 2012); similarly, an analysis of carbon emissions from
agricultural energy consumption between 1981 and 2007 has
revealed that economic growth leads to a significant increase in
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carbon increments, and the extensive use of pesticides and fertilizers
exacerbates carbon emission issues (Li et al., 2011).

5.2 Evolution trend

Keyword burst analysis allows for the statistical tracking of the
increased frequency of a specific keyword within a certain period,
enabling the identification of development trends and research
hotspots. Using CiteSpace software for burst detection in
agricultural carbon beneficial to
understand the temporal evolution of hotspot keywords, providing

emissions research, it is
insights into future trends. Burst detection was conducted on
660 documents, presenting a statistical graph of keyword bursts in
agricultural carbon emissions research, as shown in Figure 6 for
CNKI. In the graph, red indicates keywords that have burst during
that specific year, and the length of the red segment represents the
duration of the keyword’s sustained high frequency.

Based on the burst detection results shown in Figure 6, the
keywords “factor de-composition,” “land use,” and “influencing

Frontiers in Environmental Science 09

factors” have long durations of 7 years, 6 years, and 6 years,
respectively. The burst intensity of the keyword “carbon peak” is
the highest, with a value of 8.98, occurring between 2001 and 2023.
The burst analysis results indicate that early research focused mainly
on analyzing emission reduction methods and factors influencing
carbon emissions. In 2018, carbon footprint studies became a new
hotspot in China, with a burst intensity of 3.50. Since 2019,
keywords such as “planting industry” and “rural revitalization”
have been continuously bursting. Starting in 2021, keywords like
“carbon peak,” “industrial agglomeration,” and “mediation effect”
may become future research hotspots.

Additionally, the co-occurrence time zone view of keywords
can illustrate the co-occurrence relationships between keyword
nodes, further identifying the evolutionary trajectory of the
research subjects and enhancing the analysis of research
trends. As shown in Figure 7, by retaining nodes with higher
frequency and centrality based on the annual literature
frequency chart, keyword co-linearity graph, and time zone
atlas, this paper divides the research on agricultural carbon
emissions into three stages: nascent phase, development
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TABLE 4 Top 20 keyword co-occurrence frequency.

10.3389/fenvs.2024.1359477

Serial number Frequency Centrality Vintages Institutions
1 148 0.62 2009 Carbon emission
2 81 0.4 2010 Low carbon agriculture
3 46 0.23 2010 Carbon reduction
4 32 0.09 2011 China
5 31 0.11 2012 Influence factor
6 27 0.06 2021 Carbon neutrality
7 26 0.08 2012 Agriculture
8 25 0.1 2014 Planting industry
9 23 0.02 2021 Carbon peaking
10 18 0.14 2010 Greenhouse gasses
11 17 0.07 2010 Climate change
12 17 0.01 2011 Regional differences
13 15 0.08 2009 Carbon sequestration and emission reduction
14 15 0.02 2017 Animal husbandry
15 15 0.03 2011 Spatial-temporal features
16 14 0 2010 Factor decomposition
17 12 0.02 2018 Carbon footprint
18 12 0.02 2009 Carbon sink
19 12 0.07 2009 Reduction
20 11 0.01 2013 Carbon absorption

phase, and in-depth phase. The period from 2001 to 2009 marks
the nascent phase, where early research primarily focused on
carbon emissions from agricultural soils. The development
phase spans from 2010 to 2015, during which research on
agricultural carbon emissions recognized regional and
temporal differences. Studies concentrated on low-carbon
economy, emission reduction technologies, and factors
affecting agricultural carbon emissions in rural areas, with a
significant emphasis on developing a low-carbon economy
through land wuse, technology, and identifying impacting
factors. The in-depth phase, from 2016 to 2023, saw an
emergence of a wider array of keywords. Scholars have
included industrial aggregation, rural revitalization, green
agriculture, agricultural efficiency, mediating effects, digital
agriculture, smart agriculture, and rural development in their
analyses. Research on agricultural carbon emissions in China is
currently in an in-depth phase, further exploring the impact of
digital and smart agriculture on agricultural carbon emissions
and their underlying mechanisms.

Moreover, future research should focus on cutting-edge trends and
extensively explore the aforementioned three areas using advanced
scientific methodologies. Efforts should include refining existing
economic accounting mechanisms such as the input-output method
and life cycle assessment, aiming to identify key methods for emission

reduction. The development of smart agriculture and the improvement
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of current economic models are also crucial in finding effective carbon
reduction strategies. Additionally, the implementation of a series of
improved policies by the government and the establishment of
interdisciplinary conferences and exchanges should be prioritized to
foster collaboration and innovation in this field.

6 Conclusion and future trends
6.1 Research conclusion

This paper employs the Citespace bibliometric method to analyze
660 Chinese documents sourced from the CNKI database, focusing on
the research trajectories, hotspots, and future trends in agricultural
carbon emissions in China. The findings reveal:

Firstly, the annual publication volume trend indicates a rapid
development in the research of agricultural carbon emissions in the
new era, with increasing research popularity and influence. Since 2001,
research on agricultural carbon emissions has gradually increased, with
a stable development between 2012-2020. The year 2020 marks a
watershed moment, integrating green sustainable development with
agricultural carbon emissions into a common analytical framework.
Secondly, the core network of research authors is well-established;
conversely, the cooperation among research institutions is loose,
indicating a need for strengthened scientific collaboration. Tian Yun
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The current research hotspots in China’s agricultural carbon emissions in recent years

is the most published author, followed by Zhang Junbiao and He
Yangiu. Research institutions are mostly concentrated in agricultural
and forestry universities, with the College of Economics and
Management of Huazhong Agricultural University being the most
prolific. The primary reasons for the relatively loose structure of the
research may stem from factors such as regional variations and limited
relevance of research directions. In the future, it is crucial to strengthen
connections between research institutions at major Chinese universities.
Researchers should engage in exchanges and collaborations based on
their respective research directions, and initiate academic exchanges
and cooperative activities. This approach will not only increase the
quantity of research outputs but also enhance their quality. Thirdly,
according to the keyword co-occurrence knowledge map and keyword
clustering knowledge map, research on agricultural carbon emissions
mainly focuses on the challenges, measures, and pathways for reducing
carbon emissions under the “dual carbon” goals; performance
evaluation of agricultural carbon emissions, influencing factors, and
research on reduction potential, and the relationship between
agricultural carbon emissions and agricultural economic growth.
Fourth, the keyword timeline map reveals an increase in
publications on agricultural carbon emissions around 2010, reaching
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a new phase of increase in 2021. The keyword time zone map divides
domestic research on agricultural carbon emissions into three phases:
2001-2009 as the nascent phase, 2010-2015 as the development phase,
and 2016-2023 as the in-depth phase. The emergence of keywords such
as “industrial agglomeration,” “digital agriculture,”
and “smart agriculture” indicates that frontier research hotspots have

green agriculture,”

shifted to technological innovation for emission reduction, green low-
carbon agricultural development, and green finance supporting
agricultural carbon reduction.

6.2 Policy implications

Utilizing big data technology to share agricultural, industrial, energy
data, and carbon emission platforms can make agricultural carbon
emission accounting more detailed and accurate. Integrating
agricultural IoT and big data technologies into agricultural carbon
reduction promotes differentiated and precise reduction while
advancing agricultural economic development, leveraging digital
technology’s role, and utilizing smart agriculture to provide technical
support for agricultural environmental monitoring, improving
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agricultural development quality and efficiency, and accelerating
agricultural green transformation and low-carbon development.
Promoting agricultural structural adjustment, encouraging
agricultural technology innovation, optimizing land spatial
layout, and improving land use efficiency, while coordinating
agricultural carbon reduction with the treatment of agricultural
non-point source pollution. In promoting agricultural carbon
reduction measures, Some scholars emphasize targeted economic
policies to mitigate these differences and enhance the positive
effects of environmental decentralization. (Zhang et al., 2023).
continuous subsidies for low-carbon behaviors such as film
and

recycling, straw utilization,

reduced use of fertilizers and pesticides through economic

manure biogasification,

policies like taxes and subsidies are essential, encouraging

agricultural enterprises to actively adopt low-carbon
technologies. Additionally, accelerating the development of
rural green finance, providing credit support to those involved
in agricultural carbon reduction through green agricultural
bonds, insurance, PPP projects, and other measures is vital.
Regions need to promote low-carbon agricultural development and
optimize reduction pathways through scientific, feasible, refined, and
differentiated strategies tailored to their resource endowments and
development stages, leveraging the roles of government, market, and
social organizations. Guiding farmers to adopt green low-carbon

technologies such as drip irrigation, biogas fermentation, and soil
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testing and fertilization through agricultural extension and training,
to facilitate the implementation of agricultural carbon reduction policies.

6.3 Research trends and outlook

Based on the current state and frontier trends of agricultural
carbon emissions research, further in-depth studies should focus on
the following aspects:

Agriculture serves as both a carbon source and sink. Under the
“dual carbon” goals, it is crucial to systematically consider agricultural
carbon sequestration and emission reduction within the green
of agriculture, establish and
comprehensive agricultural carbon emission accounting system

transformation a  scientific
tailored to China’s context, and enhance research on the decoupling
effect and mechanisms between agricultural carbon emissions and the
economy, balancing “carbon neutrality” with food security, farmers’
income increase, social benefits, and ecological benefits.

For the performance evaluation and effect assessment of agricultural
carbon emission reduction, it is essential to fully consider the concept of
green development and “dual carbon” goals, balancing fairness and
efficiency, and continuously study a systematic and scientific assessment
system to scientifically evaluate the reduction costs and potential of
different regions from social, economic, and ecological dimensions. For
example, conducted a study on the impact of the government’s economic
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growth target on urban carbon emission, which is an example of a good
combination of agricultural carbon emission and economy (Chen et al.,
2023). Future studies can be further developed in this regard.

Further research is needed on the application boundaries of
restrictive and incentive policies for agricultural carbon reduction,
explore the influencing factors of farmers’ acceptance of low-carbon
agricultural technologies, continue to focus on how to apply agricultural
IoT and big data technologies to aid agricultural carbon reduction, and
deepen the attention to agricultural technological innovation promoting
carbon reduction.
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