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Cultivated land risk poses a critical threat to food security, and managing it is
crucial for sustainable land use. To effectively manage this risk, it is essential to
identify different types of cultivated land risk, understand their development
trends, and research hotspots. This review constructs a comprehensive search
strategy for subject terms in CiteSpace to analyze 12,581 literature sources related
to cultivated land risk. Through tracking hot spots in cultivated land risk research,
we have identified two main phases over the past 20 years. The first phase
(2002–2015) focused on exploring various types of cultivated land risk,
including soil, nitrogen, sewage sludge, organic matter, and carbon
sequestration. Three keywords:soil, nitrogen, and sewage sludge were studied
extensively during this period, with research on agricultural intensification,
transport conservation, all aimed at enhancing the theoretical framework
concerning cultivated land risk. The second phase (2015–2022) emphasized
in-depth research into the mechanisms behind the generation of cultivated
land risk. Key topics included methods and models for cultivated land risk
research, source analysis, and source apportionment, as well as potentially
toxic element and random forest analyses. This phase saw a shift towards a
more comprehensive understanding of cultivated land risk, with a focus on
uncovering underlying causes and developing effective mitigation strategies.
Our research has identified three pivotal steps aimed at reducing cultivated
land risk: 1) Rigorous Land Use Management: Implement stringent land use
regulations to safeguard high-quality land resources. 2) Sustainable Agricultural
Practices: Curtail the utilization of chemical fertilizers and pesticides, fostering
improved soil fertility and minimizing environmental repercussions. 3) Robust
Environmental Oversight: Establish a robust monitoring network to consistently
track environmental concerns, concurrently encouraging the adoption of eco-
friendly farming techniques. This comprehensive review holds substantial
theoretical significance in advancing the agenda of sustainable cultivated land
management and effectively alleviating the perils linked with land use alterations.
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1 Introduction

Cultivated land is an important strategic resource to ensure food
security and social stability. Effective cultivated land production can
make a significant contribution to solving the feeding problem of
7 billion people worldwide. However, the process of cultivated land
use is inevitably accompanied by material and energy input. To
obtain as much food as possible on a piece of land, producers often
use a large number of pesticides and chemical fertilizers that
generates serious ecological and environmental problems to both
the cultivated land itself and the surrounding environment. Studies
have found that global yield changes are largely controlled by
fertilizer use, irrigation, and climate (Mueller et al., 2012).
Cultivated land use systems are a key influence on global
degradation (Foley et al., 2005; Foley et al., 2011). By 2050, land
degradation and climate change are projected to combine to reduce
global crop yields by an average of 10%, and in some regions by as
much as 50%. It could force 50–700 million people to migrate,
threatening the livelihoods of at least 3.2 billion people globally
(IPBES, 2018). How to maintain sustainable high and stable food
production and ensure food security while minimizing
environmental impacts has been one of the century’s challenges
for scholars and policymakers (Foley et al., 2011), so it is very
meaningful to study the types, causes and control methods of
cultivated land risk, which provides an important research basis
for promoting sustainable use of cultivated land.

In an early study, Stevens et al. (1997) studied cultivation-wildlife
conflicts in Western Europe, and most of its regions are characterized
by agriculture as an important land use. For example, birds (Rolstad
et al., 2000; Thiollay, 2006; Collard et al., 2009; Mzendah et al., 2015),
wild boars (Amici et al., 2012; Hua et al., 2016; Liu et al., 2019), and
insects (Forister, 2009; Cancela and Sarkar, 1996) have become
important external risk factors that threaten the productive use of
cultivated land. However, with the increase of urbanization and
industrialization, such risks have been gradually replaced by risk
types such as heavy metal pollution of soil, and a large number of
studies have based on Multivariate statistical analysis, Positive Matrix
Factorization receptor modeling techniques (Guan et al., 2018),
Principal component analysis (Xiao et al., 2015), and Integrated
Model (Marrugo-Negrete et al., 2017; Huang et al., 2018; Hu et al.,
2017; Wang et al., 2019) to measure the heavy metal pollution status of
cultivated land. The study of cultivated land risk gradually developed
from qualitative analysis to the path of combining quantitative and
qualitative analysis, but at this stage, the study of cultivated land risk still
remained at the element level and failed to discover the uncoupled
linear relationship between elements and systems, until Rockström et al.
(2009) proposed a planetary boundary framework, and cultivated land
risk studies began to focus on systematics-based studies with declining
groundwater (Kong et al., 2016; Rodell et al., 2018), increasing nitrogen
and phosphorus emissions (West et al., 2014; Schulte-Uebbing et al.,
2022), and increasing greenhouse gas emissions (Carlson et al., 2017;
Hu et al., 2020). Other external risks arising from cultivated land use
systems are receiving more and more attention from scholars. In recent
years, there has been a noticeable surge in the number of papers and
reviews concerning cultivated land risk. However, the current research
landscape on cultivated land risk exhibits fragmentation and a lack of
integration with other systematic theories in land science. Additionally,
there exists a deficiency in quantitative analyses of cultivated land risk,

along with inadequate development of effective risk management
strategies and control pathways. To address these shortcomings and
advance the field, it is imperative to incorporate new models and
methodologies into the study of cultivated land risk. By doing so, we can
enhance the accuracy of research outcomes while also elucidating the
various types and underlying causes of risk. This, in turn, will contribute
to the promotion of sustainable cultivated land utilization.

Therefore, through the CiteSpace approach, this study attempts
to systematically analyze the basic situation, management strategies,
development trends, and hot issues of cultivated land risk research,
focusing on the following issues.

(1) What are the general dynamics of cultivated land risk research?
(2) What are the salient phases and hot topics of cultivated land risk

research?
(3) How has the methodology and management strategy for

cultivated land risk research evolved?
(4) What are the challenges and future directions of the cultivated

land risk?

2 Data and methods

The literature data in this article were obtained from the core
collection of the Web of Science database (https://www.
webofscience.com/, accessed on 25 November 2022). The Web of
Science is an important database for accessing global academic
information. It contains more than 13,000 authoritative and
high-impact scholarly journals worldwide, covering a wide range
of fields such as natural sciences, engineering and technology,
biomedicine, social sciences, arts and humanities. The web of
Science includes references cited in papers. Through the unique
citation index, users can use an article, a patent number, a
conference paper, a journal, or a book as search terms to retrieve
their citations and easily retrace the origin and history of research
literature or track its latest progress; the more extensive, newer and
deeper the search, the more in-depth the search can be.

This paper analyzes the knowledge graph through CiteSpace, a
data mining and visualization analysis software jointly developed by
Professor Chaomei Chen of the School of Information Science and
Technology at Drexel University and the WISE Lab of the Dalian
University of Technology. By extracting and analyzing subjective
information such as keywords, subject terms, authors, and
institutions, the software can mine the underlying information
and visualize the interrelationships between related information
and information entities through visual knowledge graphs. The
software can also reveal the development status of scientific
knowledge in a certain field by showing the development trend
of a certain science or knowledge field in a certain period through the
convergence of related information. It is commonly used in
information science, economics, sociology, and many other fields.

The accuracy and comprehensiveness of data retrieval guarantee
the accuracy of CiteSpace’s operation. In practical literature retrieval,
it is often relatively challenging to simultaneously ensure both
accuracy and comprehensiveness. To maximize the accuracy of
data analysis results, we can refer to the article published by
Professor Chen Chaomei in 2017. Following his advice, the
primary consideration in data retrieval should be
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comprehensiveness, as CiteSpace software automatically removes
irrelevant or duplicate information during the data processing (to
enhance accuracy). Therefore, in this paper, we established a
“comprehensive search strategy for subject terms” to obtain the
original data more scientifically and comprehensively, as shown in
Table 1. We used the latest CiteSpace.6.1. R3, with a time slice of
1 year, and the node selectionmethod of g-index, where k = 25/10; the
choice of node type determines the purpose and main focus of our
analysis using CiteSpace, in this study, to explore the regression
changing characteristics of cultivated land risk development, we
mainly used the keyword co-occurrence analysis method to
conduct a macro visualization study of 12581 literature records to

obtain the co-occurrence network, which can further discuss the
development pulse of the literature.

3 Bibliometric analysis of cultivated
land risk research based on CiteSpace

3.1 Subject analysis based on the dual map
overlay

We assessed the number and trend of literature publications on
cultivated land risk studies from 2002 to 2022 (Figure 1). Overall, the

TABLE 1 Comprehensive search rules for cultivated land risk subject terms based on Web of Science core dataset.

Set Results Retrieval rule Database

#1 9868 cultivated land (Topic) AND Article OR Review (Document Type) AND English (Language) Web of Science Core Collection

Timespan: 2002-01-01 to 2022-11-25

#2 7962 arable land (Topic) AND Article OR Review (Document Type) AND English (Language) Web of Science Core Collection

Timespan: 2002-01-01 to 2022-11-25

#3 16504 farmland (Topic) AND Article OR Review (Document Type) AND English (Language) Web of Science Core Collection

Timespan: 2002-01-01 to 2022-11-25

#4 13883 cropland (Topic) AND Article OR Review (Document Type) AND English (Language) Web of Science Core Collection

Timespan: 2002-01-01 to 2022-11-25

#5 58090 agricultural land (Topic) AND Article OR Review (Document Type) AND English (Language) Web of Science Core Collection

Timespan: 2002-01-01 to 2022-11-25

#6 89021 #1 OR #2 OR #3 OR #4 OR #5 Web of Science Core Collection

#7 3262809 “ris*" (Topic) AND Article OR Review (Document Type) AND English (Language) Web of Science Core Collection

Timespan: 2002-01-01 to 2022-11-25

#8 12581 #7 AND #6 Web of Science Core Collection

FIGURE 1
The quantity distribution trend of literature on cultivated land risk from 2002 to 2022.
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literature on cultivated land risk showed a fluctuating upward trend
in the past 20 years, increasing from 122 in 2002 to 1401 in 2022.
Based on the number of publications in different years, we broadly
divided the research on cultivated land risk into two stages of
change: 1) Steady development-steady increase stage
(2002–2014), during which the literature on cultivated land risk
research began to develop and show a more obvious trend of
increase. 2) The rapid development-stabilization phase
(2014–2022), during which the literature on cultivated land risk
has increased rapidly and different countries, research institutions
and scholars have started to focus on the impact of cultivated land
risk from different research perspectives, and have conducted a
series of research works. While there is a substantial disparity in the
number of articles published in “Review” and “Article,” it is evident
that the number of articles published in “Review” has been steadily
increasing year by year. Starting with just 8 articles, this number has
grown to 87 articles in 2022, representing an almost 91% increase.
This trend suggests a significant rise in the quantity of reviews and
articles addressing cultivated land risk.

Based on the Web of Science core dataset, we found that the top
ten countries conducting the most research on cultivated land risk
by the end of 2022 are China, the United States, the
United Kingdom, Germany, Australia, Italy, Canada, Spain,
France, and New Zealand (Table 2). Among them, China, the
United States, the United Kingdom, and Germany all have more
than 1000 publications, with China having the largest number of
publications at about 3204, followed by the United States with about
2663, but the United States has the highest intermediary centrality at
about 0.18, indicating that the United States collaborates more
frequently with other countries in publishing environmental risk
literature; although China has the largest number of publications, its
intermediary centrality is the smallest at 0.02, indicating that
Chinese researchers are more inclined to intra-national
communication and cooperation when publishing relevant
literature. The Sigma metric reveals substantial discrepancies
between the UK and the US compared to other nations.
Remarkably, the Sigma value for the UK surpasses that of all
other countries, with a notable threefold disparity compared to

the US, measuring around 24.36. The Sigma value for the US stands
at approximately 8.21. In contrast, the remaining countries exhibit
Sigma values ranging between 1.0 and 2.1. Despite the UK
publishing only half the number of articles compared to the US,
this discrepancy underscores the superior quality of the UK’s
research contributions in the realm of cultivated land systemic
risk. This observation underscores that the UK outperforms other
nations not only in terms of publication quality but also in terms of
innovation. This exceptional performance can potentially be
attributed to the collaborative nature of research endeavors
between the UK, the US, and international researchers. This
emphasis on cross-border collaboration likely contributes to their
capacity to attain innovative outcomes in their investigation of
arable land risk, as evidenced by the centrality indicator.

The construction of the disciplinary analysis network is based on
the dual map overlay of CiteSpace software, and the consequences of
the dual map overlay show the position of the cultivated land risk
relative to the main research disciplines. The dual-map overlay
analysis provides readers with an overarching view of the fields
encompassed by the research direction. It allows us to observe the
disciplinary domains within which the citing and cited journals are
situated. This approach is particularly useful in identifying potential
interdisciplinary intersections within the research direction. The
z-scores function highlights stronger and smoother trajectories, and
higher index values are represented by thicker lines. It can be seen
that publications in the field of “ecology, earth, ocean” (blue
trajectory) are mainly dominated by “botany, ecology, zoology
(z = 6.97, f = 17338)”, “environment, toxicology, nutrition (z =
2.97, f = 17338)”, “environmental science, toxicology, and the
environment, Nutrition (z = 2.72, f = 7309)”, “Earth, Geology,
Geophysics (z = 3.42, f = 8979)”, and “Economics, Policy (z =
2.05, f = 5712)”. In addition, publications in the field of “Veterinary
medicine, animals, science (yellow trajectory)” were mainly
influenced by “Botany, ecology, zoology (z = 4.45, f = 11383)”,
“Environment, toxicology, nutrition (z = 3.57, f = 9308)”. It can be
seen that cultivating land risk research involves several subject areas.
On the whole, cultivated land risk research is based on ecology,
geology, environmental science, botany and other disciplines, and

TABLE 2 Main countries involved in cultivated land risk literature publication.

Rank Number of articles Country Centralitya Sigmab

1 3204 China 0.02 1.00

2 2663 United States 0.18 8.21

3 1130 England 0.08 24.36

4 1019 Germany 0.14 1.00

5 811 Australia 0.1 1.00

6 607 Italy 0.05 1.00

7 595 Canada 0.05 1.00

8 529 Spain 0.07 1.25

9 525 France 0.13 2.10

10 495 Netherlands 0.07 1.79

Note: aCentrality is an indicator to measure the importance of nodes in the network. The larger the value of centrality is, the more the number of publications cooperated with other countries.
bSigma is used to identify innovative literature and can be used to identify innovative topics (Chen, 2004; Chen et al., 2009; Chen and Song, 2019).
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applied to ecology, earth, ocean, animal and other disciplines, which
has strong interdisciplinary nature and is conducive to the
integration of multidisciplinary resources and easy to achieve
original and major scientific breakthroughs (Figure 2).

3.2 Exploring the research hotspot and
evolution trend of cultivated land risk

3.2.1 Keyword hotspots and distribution trend
analysis

The core of the analysis is the condensation of keywords.
CiteSpace can visualize the keywords and generate a keyword
clustering map, based on which the cluster number is the y-axis
and the year of citation publication is the x-axis, the timeline map of
keyword clustering can be laid out (Figure 3). The timeline map can
show the time span and the research process in the development and
evolution of each cluster (i.e., subfield) over the period of 2002–2022.
The larger the number of the cluster’s serial number, the fewer
keywords are contained in that cluster, and conversely, the smaller
the number, the more keywords are contained in that cluster. In
order to assess the reliability of the bibliographic results.
“Modularity value Q)" and “weighted average profile value S)"
was set as the evaluation indicators in CiteSpace. It is generally
considered that a modularity value Q) > 0.3 and a weighted average
profile value S) > 0.7 indicate high reliability of the results (Chen,
2017; Chen et al., 2020), and based on the timeline mapping, it can
be seen that the modularity value of the network is 0.4192 and the
weighted average profile value is 0.7396, which can be considered as
very high, indicating that the cultivated land risk study is well
defined in terms of co-citation clustering. The overall complexity
of the clustering network indicates that there are still more links
between the subcategories of distinct clusters. The timeline diagram
shows that the clusters related to the study of cultivated land risk
mainly include eight categories: heavy metal, climate change,
conservation, water quality, carbon sequestration, remote sensing,
land degradation and resource use efficiency. The cluster “heavy

metal” has the smallest number and contains the most keywords,
which is the largest cluster in the study of cultivated land risk, while
“resource use efficiency” is the smallest cluster. These clusters
encompass not only the factors contributing to cultivated land
risk but also encompass the various risk categories, research
methodologies, and prevalent research focal points. Noteworthy
within these are ecological risks, ecological risk assessment,
greenhouse gas emissions, land expansion, sustainable
intensification, and more—each of which holds a significant
presence in prominent academic journals.

Remote sensing stands out as a prominent approach in
investigating cultivated land risk, offering a plethora of tools. The
utilization of remote sensing techniques initially focused on basin-
scale assessments, employing classification methods to discern and
delve into cultivated land risk. Since 2014, the application of
sensitivity analysis, indices, time series analysis, and random
forest methods has notably expanded, making substantial
contributions to the study of cultivated land risk. These
methodologies not only enhance our comprehension of the
subject but also lay the groundwork for more refined and
comprehensive research endeavors.

3.2.2 Detection and analysis of burst words
Keyword emergence refers to a significant increase in the

frequency of keywords in a certain time span, expressed by
strength, and the larger the strength value, the higher the
emergence intensity, indicating that the keywords are more
influential and the hot words in the field of research in that time
span (Chen et al., 2009; Chen et al., 2010). The red line in the table
indicates the year in which the mutation occurred in the keyword,
and the blue line indicates the year in which there was no mutation
(Table 3). Based on the CiteSpace hotspot analysis tool we detected
the keywords with mutation intensity in the top 20 and sorted them
by the year of mutation. We found that mutation words have more
obvious phase characteristics. In the first phase (2002–2015), the
main types of cultivated land risk explored in this phase were main
elements: soil, nitrogen, sewage sludge, organic matter, carbon

FIGURE 2
Subject Analysis Network of environmental risk research literature based on the dual map overlay.
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sequestration, etc. Among them, soil, nitrogen, and sewage sludge
these three keywords have a long mutation time, spanning from
2002 to 2013. In the past 11 years, the research on the theme of
cultivated land risk has been analyzed mainly from three aspects,
and we can also see that the words agricultural intensification,
transport conservation, and system also become strong mutations
in this phase, indicating that the research on the theoretical
framework related to cultivated land risk is also gradually
strengthened and begins to focus on the drivers and driving
factors of cultivated land risk. In the second phase (2015–2022),
this phase focuses on cultivated land risk more on the mechanism
behind the generation of cultivated land risk for in-depth research,
involving methods and models for cultivated land risk research,
source analysis, etc., and source apportionment, potentially toxic
element, random forest, etc. have been the hot and key topics of
cultivated land risk research in the past 5 years.

3.2.3 Cooperation agency network analysis
Mapping of institutional collaboration networks can tell us about

the links between institutions and the contribution of each institution in
the field of cultivated land risk research, which helps us to identify
researchers and institutions that deserve attention. By doing a network
analysis of the major research institutions and cultivated land risk
research, we found that cultivated land risk research is widely followed
in 39 countries and 47 research institutions worldwide (Figure 4).
Universities and research institutions have relatively close ties and
collaboration. There are ten institutions with more than 100 articles.
The Chinese Academy of Sciences occupies a central position in the
collaborative network in the field of arable land risk research, with
Wageningen University, Beijing Normal University, China Agricultural
University, Zhejiang University, University of California, Davis,
Agriculture and Agri-Food Canada, Chinese Academy of
Agricultural Sciences, and Northwest Agriculture and Forestry

University as important links in the network of collaborating
institutions. In addition, more fruitful work has been published by
research institutions such as Harvard University, Michigan State
University, University of Zurich, French National Institute of
Agricultural Research, USDA Agricultural Research Service, Illinois
State University, and Aarhus University.

4 Hot topics and core fields of
cultivated land risk research

4.1 Comprehensive analysis of cultivated
land risk studies

As the study of cultivated land risk continues to increase, its
connotation becomes richer and richer. In diverse agricultural
production and ecosystems around the world, the research methods
and control strategies also vary greatly in response to the
multidimensional nature of the research scale and the diversity of
risk types (Table 4). Current research on cultivated land risk focuses on
large scales (world or regional scales), and the types of risks studied at
these scales aremainly biodiversity loss, wildlife habitat degradation, etc.
Green et al. (2005) used a data analysis approach to assess the risk to
wildlife habitat arising from cultivated land use using the FAO bird
database, and by examining studies in developing countries suggest that
highly productive farming practices may allow for the presence of more
species. Contrary to our perception, there does not necessarily represent
a trade-off between high yield andmaintaining biodiversity, and we can
maintain species diversity while maintaining high yields. The study by
Mueller et al. (2012) also suggested that sustainable intensification can
be effective in achieving control of cultivated land risks. Except for heavy
metal pollution (Jiang et al., 2017; Liang et al., 2017; Guan et al., 2018),
more effective control measures exist for all other cultivated land risk

FIGURE 3
Timeline map of cultivated land risk research.
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types, because the problem of soil heavy metal pollution is influenced
not only by the process of cultivated land use, but also by regional
resource background conditions and industrial and other processes
(Chen et al., 2023). Gradually, in order to better assess the impact of
cultivated land risk, scholars have slowly focused on characterizing the
degree of impact of cultivated land risk through elements such as soil
degradation (Lal, 2004), greenhouse gas emissions (Searchinger et al.,
2008; Godfray et al., 2010; Foley et al., 2011; Tilman and Clark, 2014;
Steffen et al., 2015), freshwater use (Godfray et al., 2010; Steffen et al.,
2015), and nitrogen and phosphorus emissions (Steffen et al., 2015).
The control strategies for cultivated land risk are also diversified, and
carbon sequestration technology can effectively deal with greenhouse
gas emissions, while reducing food waste and changing dietary habits
have also become effective ways to reduce the risk of cultivated land.

The development of planetary boundary framework (Rockström et al.,
2009) has shifted the study of cultivated land risk from elemental to
systemic research, and scholars at home and abroad have gained a deep
understanding and explored the coupled nonlinear relationship
between cultivated land use system and elements.

4.2 Application of planetary boundary
framework in cultivated land risk studies

Since the industrial revolution, human activities have become a
major driver of global environmental change, and human activities
can lead to an Earth system outside the stable environmental state of
the Anthropocene, with threatening and even catastrophic

TABLE 3 Top 20 keywords with the strongest citation bursts during 2002–2022.

Keywords Strength Begin End 2002-2022

Soil 33.45 2002 2010

Nitrogen 20.35 2002 2012

Sewage sludge 20.94 2003 2013

Transport 13.17 2003 2010

Conservation 11.58 2003 2010

Runoff 12.69 2004 2007

Organic matter 15.05 2004 2010

United states 17.59 2006 2009

Agricultural intensification 14.38 2006 2015

System 12.85 2006 2012

Tillage 11.54 2006 2009

water quality 12.94 2007 2012

Predation risk 12.36 2008 2010

Carbon sequestration 11.19 2010 2014

Landscape 10.96 2013 2015

Maize 11.51 2017 2020

Sediment yield 11.47 2018 2022

Source apportionment 14.2 2019 2022

Potentially toxic element 14.97 2020 2022

Random forest 12.56 2020 2022
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consequences for much of the world (Crutzen, 2002; FU et al., 2006).
To meet the challenge, the planetary boundary framework was
formally proposed by Rockström et al. (2009), Center for
Resilience Research, Stockholm University, Sweden, and has
elicited a strong response from scientists worldwide (Dearing
et al., 2014; Mace et al., 2014). The framework focuses on key
biophysical processes of the Earth, which have evolved and now
identify nine processes such as climate change, biosphere integrity,
stratospheric ozone depletion, ocean acidification, biogeochemical
flows (nitrogen and phosphorus cycles), land system changes,
freshwater use, atmospheric aerosol loading, and the introduction
of new entities (Steffen et al., 2015), defining the relative boundaries
for human operations and security within which humans can safely
operate in relation to the Earth system. The framework argues that
these boundaries, if crossed, have a high potential to trigger
irreversible nonlinear changes in the state of the Earth system,
with consequent adverse effects on human wellbeing. This
provides an important methodological reference for quantifying
the magnitude of the impact of external risks on cultivated land.

The planetary boundary framework is based on the theory of
homeostasis and mutation of complex systems and is centered on
maintaining the stability of the Earth’s ecosystem for human
wellbeing. To maintain system homeostasis, the stable resource
and environmental conditions during the Holocene geological
period before the industrial revolution are used as a reference to
analyze the variables of the Earth’s key biophysical processes,
determine the critical thresholds of the variables, and provide
early warnings based on the critical thresholds to ensure that

changes in the system state receive early attention and preventive
measures are taken. The planetary boundaries represent a relatively
conservative estimate of critical thresholds, which are positioned at
the lower end of the uncertainty range. The current threshold
interval of planetary boundaries consists of three parts: first, the
safe operating space, in which human activities have basically no
impact on the stability of the Earth system; second, the uncertainty
region, which has exceeded the planetary boundaries, is the region
where the risks to the Earth system beyond this region have not yet
been quantified and cannot be analyzed; third, in the high-risk
region, human activities significantly exceed planetary boundaries
and may cause irreversible effects on the Earth system environment
(Figure 5A).

Currently, Rockström et al. (2009) and Steffen et al. (2015) have
proposed and refined the planetary boundary framework, offering
the possibility to study the effects of different subjects on the Earth
system at the global scale. Newbold et al. (2016) explored the impact
of land use and related stressors on local biodiversity based on the
planetary boundary framework, quantifying the extent of
biodiversity destruction due to the effects of cultivated land use
and beyond the safe boundary of the environment. Springmann et al.
(2018) applied the framework to food production systems and
analyzed the safety boundaries of climate change, land use
system changes, freshwater use, and nitrogen and phosphorus
loss in biogeochemical flows in food production systems. Lade
et al. (2020) based on the planetary boundary framework, argued
that there are interlinked relationships among planetary boundaries,
i.e., planetary boundaries affect each other and interact with each

FIGURE 4
Institutional cooperation network map of cultivated land risk research.
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TABLE 4 Global research on the topic of cultivated land risks, including risk types, causes and control strategies.

Methods Area Types of cultivated
land risks

Causes of
cultivated
land risks

Management strategy Source Referencces

Data analysis World Wildlife habitat loss Agricultural
intensification

Sustainable intensification
(closing the yield gap)

Science Mueller et al.
(2012)

Data analysis World Species diversity loss Agricultural
intensification

High-yield farming Science Green et al.
(2005)

Geostatistical analysis land
use investigation
industrial composition
analysis

X Town,
Changshu City,

Jiangsu
Province,
China

heavy metal pollution Urbanization and
Industrialization

—— Chemosphere Jiang et al. (2017)

Modeling with large flows
of goods, people and
capital and linking local
land use to factors on a
global scale

China, Costa
Rica, El
Salvador,
Vietnam

disturbed forests Economic
globalization

Land use zoning; Agricultural
intensification

PNAS Lambin and
Meyfroidt (2011)

Literature Review Region decline in farmland
biodiversity

Agricultural
intensification

Cross-cutting policy
frameworks and management

solutions

Trends in
Ecology and
Evolution

Benton et al.
(2003)

Positive Matrix
Factorization (PMF)
modeling

Lianyuan,
Hunan
Province,
China

heavy metal pollution Coal Mining —— Environmental
pollution

Liang et al.
(2017)

Multivariate statistical
analysis GIS-based
geostatistical methods and
Positive Matrix
Factorization (PMF)
receptor modeling

Northwest
China

heavy metal pollution Urbanization and
Industrialization

—— Chemosphere Guan et al.
(2018)

Life Cycle
Assessment (LCA)

World Greenhouse gas emissions Land use change Extract biofuel from waste
product

Science Searchinger et al.
(2008)

Data Analysis and
Modeling

southwest
Ghana and

northern India

Species diversity loss Expansion and
Intensification

land sparing Science Phalan et al.
(2011)

Data analysis World Species diversity loss Human activities —— Nature Newbold et al.
(2015)

Data analysis World Greenhouse gas emissions;
Water consumption

Climate Change Closing the yield gap; Reducing
waste

Changing diets; Expanding
aquaculture

Science Godfray et al.
(2010)

Planetary boundaries World Greenhouse gas emissions;
Water Scarcity; Species
diversity loss; Nitrogen
and phosphorus emissions
exceed the standard

Human activities —— Science Steffen et al.
(2015)

Data analysis World Soil degradation Land use change Carbon sequestration
(judicious land use and

recommended management
practices (RMPs))

Science Lal (2004)

Data analysis World Greenhouse gas emissions Land reclamation —— Nature Tilman and
Clark (2014)

Data analysis World Greenhouse gas emissions;
Species diversity loss;
Water consumption and
pollution

Human activities Halt agricultural expansion;
Closing ‘yield gaps’ on
underperforming lands;

increasing cropping efficiency;
shifting diets and reducing

waste

Nature Foley et al. (2011)
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other, and carefully analyzed the effects of land use changes on
planetary boundaries such as nitrogen, phosphorus, water and
greenhouse gases. Cultivated land use is an important component
of land use, and changes in cultivated land use will also have
significant effects on climate change, freshwater use, and nitrogen
and phosphorus loss in biogeochemical flows.

In summary, the planetary boundary model allows for the
multidimensional quantification of factors influencing cultivated
land risk. Anchored in fundamental logical perspectives and
coupled with downscaling methodologies, the global-scale model
can be downscaled to encompass larger regions, nations, and even
smaller scales. Drawing insights from the research achievements of
relevant scholars (Rockström et al., 2009; Steffen et al., 2015; Hu
et al., 2020; Lade et al., 2020), we comprehensively construct the
planetary boundary framework (Figure 5B) for cultivated land use
systems. This framework serves as a theoretical guide for future
investigations into cultivated land risk, rooted deeply in the
principles of planetary boundary theory. Looking ahead, we
anticipate the significant theoretical guidance this comprehensive
endeavor will offer to forthcoming risk assessments within
cultivated land systems, grounded in the foundations of planetary
boundary theory.

4.3 Experience of risk management
strategies for cultivated land

In the 1960s, in order to solve the problem of severe soil erosion
and massive soil erosion and to avoid environmental degradation
caused by land use, the United States was the first to propose the
Evaluation of Land Resource Production Potential, to classify land
use potential, to classify eight soil potential classes according to soil,
slope, erosion type and erosion intensity, and to develop a more

complete soil map for soil and water conservation purposes
(Klingebiel and Montgomery, 1961; Zhu, 1997). Best
Management Practices (BMPs) were introduced in the 1970s in
the United States, and the core of the BMPs is the use of a
combination of measures to control agricultural pollution from
cultivated land use, which has achieved good results (Bracmort
et al., 2006; Reimer et al., 2012). A system of pesticide business
license, pest control consultation, and restricted level pesticide
application license has been established (Guo et al., 2015). The
BMPs includes three levels of nutrient management practices, tillage
management practices, and landscape management practices, and
each state government has developed detailed rules and practices
and formed corresponding testing and management agencies. In
1985, the U.S. Congress passed the “Food Safety and Security Act,”
and the following year initiated a nationwide 10–15-year ecological
restoration program for cultivated land (Wu et al., 2019). This
program aimed to systematically remediate cultivated land with
severe ecological issues. The U.S. government also introduced fallow
and land protection programs to safeguard environmentally
vulnerable lands and promote ecological restoration through
fallowing (Sullivan et al., 2004; Stubbs, 2013). Additionally, a
series of conservation programs were implemented, effectively
preserving high-quality cultivated land (Jiang et al., 2019; Ke, 2001).

The EU has devised policies addressing environmental risks in
agriculture, demonstrating a profound concern for the
environmental condition of the agricultural sector (Dobbs and
Pretty, 2008; Vannini et al., 2008), which define the two pillars of
the EU agricultural policy, including subsidies for ecologically fragile
areas to reduce the use of harmful fertilizers and pesticides, as well as
subsidies for afforestation, and encouraging the development of
multifunctional roles of agriculture. In 2003, the EU reformed its
agricultural policy, with a focus on the introduction of the decoupled
“Single Farm Payment” (SFP). In 2003, the EU reformed its

FIGURE 5
A cultivated land use security boundary system constructed based on the earth system boundaries framework.
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agricultural policy, and one of the highlights of the reform was the
introduction of the decoupled “Single Farm Payment” (SFP) (Fraser,
2003; Wang, 2009), where agricultural land use must meet a series of
criteria related to soil conservation, soil organic matter maintenance,
habitat avoidance and water management in order to receive
agricultural subsidies. This provides a solid basis for agricultural
land risk control in the EU. In order to effectively monitor the
presence of soil erosion, soil ecological degradation, soil heavy metal
contamination, soil compaction and soil salinization in each
country, the Soil Environmental Assessment Health Project was
introduced in the EU in 2007 (Kibblewhite et al., 2007). The project
identified nine major threats affecting soil quality in Europe as soil
erosion, declining organic matter content, soil pollution, soil
compaction, soil salinization, declining biodiversity, soil sealing,
landslides, and desertification. Based on their threat level, a
minimum data set of 27 key issues and 27 monitoring indicators
that can encompass all threats were finally selected to form the
monitoring indicators. The EU’s farm and soil environmental policy
has, to a certain extent, effectively managed the environmental risks
caused by the current agricultural production process and provided
a guarantee for the sustainable development of EU agriculture.

The Japanese government attached great importance to
agricultural land and arable land, and enacted many ordinances
aimed at strengthening the management and protection of
cultivated land. After the establishment of the peasant land
ownership system in post-war Japan, a strict control policy on
high-quality arable land was implemented, stipulating that all
types of land could not be freely transferred. The rapid economic
development of Japan in the 1960s and 1970s led to an increase in
agricultural inputs, especially the extensive use of chemical fertilizers
and pesticides. Consequently, this not only adversely affected the
ecological environment but also had a negative impact on the quality
of agricultural products (Qian et al., 2016). In 1992, the Ministry of
Agriculture, Forestry and Fisheries of Japan passed the New Food/
Agriculture/Rural Policy Act, which established the “Basic Policy for
the Promotion of Environmentally Friendly Agriculture” to reduce
the use of pesticides and chemical fertilizers by improving soil
fertility and promoting organic farming and pesticide- and
fertilizer-free cultivation to achieve sustainable agricultural
production. The Basic Law for Food Agriculture and Rural
Development, enacted in 1999, promotes environmentally
friendly agriculture throughout the country, taking measures such
as promoting the use of compost while reducing chemical fertilizers,
promoting eco-farmer certification and giving interest-free loan
support for agricultural improvement funds (Ma and Mao, 2019).
In the 21st century, Japan has enacted policies and measures such as
the Agricultural Environmental Code, the Organic Farming
Promotion Act, and the Measures to Protect and Enhance
Agricultural Land, Water, and the Environment, aiming to
improve soil, reduce the intensity of chemical fertilizer and
pesticide inputs, increase biodiversity, reduce environmental
loads, achieve sustainable use of agricultural production, and
ensure food safety.

The cultivated land risk control policies implemented in the
United States, Japan, and Europe underscore several key
recommendations for achieving sustainable development of
cultivated land and mitigating associated risks. These
recommendations can be summarized as follows.

(1) Rigorous Land Use Control: The first crucial recommendation
involves the strict control of cultivated land, which includes
prohibiting arbitrary changes in land use and giving priority to
the protection of high-quality cultivated land.

(2) Enhancing Soil Fertility: The second recommendation centers
on improving soil fertility. This entails the strict regulation of
chemical fertilizers and pesticides use to reduce environmental
impacts and prevent soil degradation.

(3) Regular Environmental Monitoring: The third recommendation
underscores the importance of establishing regular
environmental monitoring systems. This comprehensive
network should be complemented by incentives for
agricultural producers adopting eco-friendly practices.

(4) Positive International Impacts: Acknowledging the positive
effects of the risk control policies of the United States, Japan,
and Europe on cropland risk control worldwide.

(5) Global Research and Collaboration: The need for enhanced
scientific research in cultivated land risk control, the
development of unified and coordinated policies, the creation
of risk control mechanisms and institutions, and the promotion
of sustainable land resource management on a global scale is
emphasized.

In summary, these recommendations emphasize the importance
of taking proactive measures to protect cultivated land, improve soil
quality, monitor environmental conditions, and glean valuable
insights from successful international policies. This approach is
aimed at promoting and ensuring sustainable land use practices
worldwide.

4.4 Challenges and prospects for research
on cultivated land risk

The sustainable use of cultivated land is crucial for supporting
future food production. However, risks to cultivated land pose a
significant challenge to achieving sustainable use. Therefore, it is
essential to scientifically quantify the various risks and identify ways
to prevent or manage them. However, due to the wide variety and
partial difficulty in quantifying the types of risks, it is challenging to
guide the sustainable use of cultivated land. The planetary boundary
framework provides a good paradigm for quantifying the impact of
each element on the Earth system. However, finding the boundaries
of the Earth system related to cultivated land is an important issue
for future research. Scholars have made efforts to quantify the
relevant boundaries of cultivated land use, but the cultivated land
system is a complex human-natural complex, and further research is
needed to quantify the relevant boundaries and the inter-boundary
relationships, scale effects, and driving mechanisms. Future studies
can refer to the planetary boundary framework to explore the effects
of changes in cultivated land use on planetary boundary indicators
such as climate change, freshwater use, and nitrogen and
phosphorus loss in biogeochemical flows. By applying this
framework to the cultivated land utilization system, we can
quantify the environmental risk thresholds in a scientific way and
have control objectives in the regulation of the cultivated land
utilization system, thus realizing the sustainable utilization of
cultivated land resources.
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The implementation of cultivated land risk control mainly involves
two mechanisms: the government mechanism and the social
mechanism. The government mechanism plays a leading and
supervisory role in risk management, while the social mechanism
involves the owners and direct users of the cultivated land use
system. To achieve effective cultivated land risk management, it is
necessary to guide these two mechanisms to work together and build a
main system of cultivated land risk management. Furthermore, there is
a need for debate and discussion to develop pathways for sustainable
cultivated land risk research and utilization. The objectives of cultivated
land risk research in the new era should focus on transformative
ecological governance, which involves stakeholder and institutional
changes and methodological changes to proactively improve the
degraded cultivated land use system. This will build a system of
cultivated land risk research with multi-interest synergy, multiple
resource integration, and full-cycle regulation to ensure social
response matches the changing cultivated land use system. This will
narrow the sustainable development gap of the cultivated land use
system and regulate it back to a safe operating space, thus realizing the
sustainable use of cultivated land resources and fair and just human
social development.
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