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Abstract: Soil security assessments are an important part of the green development of agriculture
and animal husbandry. To explore the research progress and development trends in the field of
farmlands and grasslands soil security assessments, a bibliometric study was conducted using
VOSviewer software to visually analyze 3618 papers from the Web of Science Core database on the
topic of “soil security assessment” published from 1979 to 2023. The results revealed the following:
(1) Research started in 1979; the number of papers can be divided based on germination, start-
up, and rapid development stages. China published the most articles, the Chinese Academy of
Sciences had the highest number of publications, and Science of the Total Environment issued the
most publications (247). (2) Based on keywords, the research frontier can be divided into a distinct
time sequence: the initial exploratory period (1979–2008), wherein relevant research focused on
resource development and management; the rapid development period (2009–2015), wherein research
focused on sustainable development and efficient farmland use; and the comprehensive development
period (2016–2023), wherein research focused on the assessment, measurement, and evolution of
cultivated land. (3) Related researches at home and abroad focus on land development and utilization,
highlighting the rational development and efficient use of land; the security of industrial and supply
chains, underlining risk assessment and promotion strategies; ecological security, emphasizing the
ecological security assessments of agricultural production and the water environment; and ecosystem
service value, underscoring spatiotemporal evolution and driving factors, evolution mechanisms,
value prediction, and compensation strategy. Currently, there is an urgent need to develop soil
security assessment models based on regional development, soil biology, spatial metrology, and
other parameters, to establish an index system, and to analyze the evolution rules of soil security at
different scales and investigate the scale effect of soil quality evaluations.

Keywords: soil security; farmland and grassland; evaluation system; ecosystem; sustainability

1. Introduction

Soil plays an important role in the transfer and transformation of substances and
energy in Earth’s surface systems [1]. It represents an important part of Earth’s critical
zone, thus providing a basic guarantee for maintaining agricultural production, plant
growth, animal habitats, biodiversity, and environmental quality. It is a core element
linking the entire natural ecosystem [2]. Research on soil quality began in the 1970s [3],
and the conceptual definition indicates that soil maintains biological productivity and
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environmental quality to promote the health of animals, plants, and humans within the
scope of ecosystems and land use. Soil health is a derivative of soil quality. In 2015, the
Food and Agriculture Organization of the United Nations (FAO) proposed the “healthy
soil brings healthy life” concept during the International Year of Soils and pointed out
that only healthy soil can produce healthy food and foster healthy people and a healthy
society. Thirteen of the 17 sustainable development goals set by the United Nations are
directly or indirectly related to soil [4]. The Chinese government has always attached great
importance to soil health and indicated its adherence to the principle of “protection in
use and utilization in protection”; thus, it has established the strictest protection system
of cultivated land, introduced the soil health status concept into the “Quality Grade of
Cultivated Land” (GB/T 33469-2016), and clarified the continuous ability of soil to maintain
its function as a dynamic living system. Simultaneously, a comprehensive monitoring and
evaluation system has been established. Over the past 40 years, with the rapid development
of economies, rapid transformation of high-intensity land use, and increasing intensification
of agriculture and forestry, countries worldwide have faced varying challenges, such
as tightened resource constraints, serious environmental pollution, fragile ecosystems,
frequent extreme weather, and degraded soil functions and quality. Farmland and grassland
are the largest land use types on Earth and represent an important part of the “community
of mountain, river, forest, field, lake and grassland”, accounting for 12% and 26% of ice-free
land on Earth, respectively. Therefore, the soil security of farmlands and grasslands is
of immense importance for maintaining the health of the entire natural ecosystem and
realizing sustainable development.

In recent years, scholars worldwide have conducted numerous studies on soil security
in farmland and grassland. These studies primarily include medium- and small-scale
spatial research under a specific land use mode or agricultural farmland condition; how-
ever, limited research has focused on multi-spatial scales and multifunctional dimensions.
Soil security assessments represent a systematic project, and the measurement methods of
each evaluation index differ based on the different soil types and management methods.
Currently, the most widely used assessment method employs the soil health index (SHI) to
assess the health status of farmlands and grasslands by constructing a minimum dataset.
With the development of digitization and information technology, the soil health assess-
ment method, which combines hierarchical analysis and big data, has improved early SHI
construction methods [5]. Maharjan et al. considered the soil properties of natural agri-
cultural and pastoral lands that were not disturbed by human activities as the benchmark
and judged changes in soil health and soil degradation degree by observing differences in
property indexes between changed soil under human activities and baseline soil, which
was called the “soil health gap” method [6]. In China, an evaluation system for cultivated
land resources has been established, and it takes the county as a project unit and the field as
an evaluation unit and summarizes provincial and national achievements step by step [7,8].
However, because of scale hybridity, the scale situation above the county level is difficult to
describe accurately and quickly. Moreover, soil function and environmental status have not
been sufficiently considered and the evaluation results are singular, making it difficult to
meet the multi-objective requirements of soil health management and protection.

Several methods are available to conduct soil security assessments in farmlands
and grasslands, and the procedures can be summarized into three steps: index selection,
index grading, and system integration [9]. Owing to the lack of theoretical research and
incomplete practical programs, the establishment of multi-scale soil security evaluation
theories and methods for farmlands and grasslands has become a bottleneck in the field
of land resource management. This study has three objectives: (1) it has theoretical and
practical significance, summarizing research hotspots and exploring future research trends
in the field of soil security assessment of farmlands and grasslands; (2) it intends to
systematically analyze the changes in the number of papers published in the field of soil
security assessment of farmlands and grasslands, as well as the changing trends and themes
of research hotspots; (3) it proposes future research prospects following the systematic
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analysis of the research results of soil security assessments of farmlands and grasslands,
that is, to establish a scientific soil security evaluation model, index system, and analysis
scale, in order to provide a reference for the quantitative analysis of soil security effects in
farmlands and grasslands.

2. Materials and Methods
2.1. Data Collection

To analyze soil security assessment research in its broadest scope, collective publica-
tions in the field of soil security assessments were considered, and their full bibliometric
information was exported and analyzed. In composing the search query, all subjects that
were indexed by the Web of Science (WOS) core database as “soil security assessment”
were considered, and their total indexation included 5354 valid data points. The filtering
process identified the time range (1979–2023) and document type (primarily papers and
literature reviews). The search was conducted on 4 September 2023, and the query string
resulted in N = 3618 research items. The full bibliometric data for this set of documents
were exported as text files for analysis. These include the title, date of publication, author
names and affiliations, citation count, list of keywords, abstract text, and list of references.

2.2. Analytical Methods

Bibliometrics was applied to describe, evaluate, and predict the status quo and de-
velopment trends of a specialty subject using mathematical and statistical methods based
on various characteristics, as described in the literature [10–13]. Scientific knowledge
mapping is a visual tool that illustrates the development process of a scientific knowledge
system and its mutual structural relationships [14,15]. VOSviewer 1.6.17 is a knowledge
mapping software that can effectively analyze core authors, research institutions, journal
types, keyword co-occurrence, research content evolution paths, research hotspots, and
research field development frontiers [14,16–18]. To statistically analyze the bibliometric
data, the structure and composition of the field were analyzed using the Visualization of
Similarities (VOS) method developed by Eck and Waltman [19], whereas temporal trends
in keywords associated with soil security assessment research were identified using the
document co-citation analysis methodology.

3. Results and Discussion
3.1. Overview of Soil Security
3.1.1. Publication Trends

The number of published papers is an important index for measuring the degree of
scholarly attention focused on a specific research field [20]. By searching the WOS core
database, research on soil security in farmlands and grasslands could be traced back to
1979. From 1979 to 2023, the changing trend of the annual published papers on farmland
and grassland soil security research increased slightly in the early period and increased
sharply in recent years (Figure 1). In 1979, soil security-related papers appeared in the
WOS core database, and a slow growth rate was observed until 2000, when the number of
papers began to increase slightly. From 2001 to 2010, the number of publications on soil
security-related research increased significantly. From 2011 to 2022, soil security-related
research grew rapidly, with the number of publications increasing from 101 in 2011 to
615 in 2022, which indicates that, with rapid economic development, problems such as
resource shortages and environmental pollution intensification have become more evident.
Researchers have tended to focus on soil security and environmental protection.
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3.1.2. Nation Distribution

The VOSviewer software was used to analyze the countries’ publication contributions
corresponding to papers on soil security assessment (Figure 2). The results showed that
China published the largest number of papers, followed by the USA, India, Germany,
England, and Australia. China published 1395 papers, accounting for 20.53% of the total;
the USA published 823 papers, accounting for 12.11%; and India published 315 papers,
accounting for 4.64% of the total, which was much lower than that of China and the USA
(Table 1). According to the number of published papers, among the top 10 countries, except
China and India, the remaining eight are powerful agricultural countries [21], indicating
that the level of agricultural development has played a significant role in promoting soil
security research. The co-occurrence analysis of soil security assessments of farmlands
and grasslands indicated the existence of close co-operative relationships among different
countries (Figure 2). There was more co-operation in China with 896 total link strength,
the USA with 1083 total link strength, and Germany with 661 total link strength, and
other countries.

Table 1. Top 10 national statistics in soil security assessment field from 1979 to 2023.

Ranking Country Published Paper Percentage

1 China 1395 20.53%
2 USA 823 12.11%
3 India 315 4.64%
4 Germany 275 4.05%
5 England 271 3.99%
6 Australia 254 3.74%
7 The Netherlands 195 2.87%
8 Italy 186 2.74%
9 Canada 153 2.25%
10 France 145 2.13%
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3.1.3. Research Institution

The co-occurrence analysis of soil security in farmland and grassland data published
by scientific research institutions was carried out (Figure 3). There were strong links and
co-operations among different agencies institutions, especially the Chinese Academy of
Sciences, University of Chinese Academy of Sciences, China Agricultural University, and
Chinese Academy of Agricultural Sciences, with total link strength 678, 265, 262, and
225, respectively. From the distribution of publication institutions, a total of 1381 scien-
tific research institutions participated in research related to soil security in farmlands and
grasslands, among which 541 institutions published two papers on soil security, 446 insti-
tutions publish 3–5 papers, 251 institutions published 6–10 papers, and 143 institutions
published more than 10 papers. According to the statistics of the top 10 research institutions
(Table 2), the Chinese Academy of Sciences published the most papers (306), the University
of the Chinese Academy of Sciences published 108 papers, the China Agricultural Univer-
sity published 88 papers, and the Chinese Academy of Agricultural Sciences published
80 papers.

Table 2. Top 10 institutions researching soil security assessment from 1979 to 2023.

Ranking Research Institution Article Number

1 Chinese Academy of Sciences 306

2 University of Chinese
Academy of Sciences 108

3 China Agricultural University 88

4 Chinese Academy of
Agricultural Sciences 80

5 Beijing Normal University 72
6 Zhejiang University 65
7 Northwest A&F University 54

8 Nanjing Agricultural
University 53

9 Wageningen University 51

10 China University of
Geosciences 42
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3.1.4. Journal Source

High-impact publications are important carriers for scholars to present their academic
research results [3]. To analyze the distribution of publications related to soil security
research, this study counted the top 10 journals on soil security in farmlands and grasslands
since 1979 (Table 3). Science of the Total Environment had the largest number of publications
at 247, Environmental Science and Pollution Research had the second largest number
at 158, and Environmental Pollution and Journal of Environmental Management had
the third largest number at 86. Other leading publications included Sustainability and
Chemosphere. From the perspective of co-occurrence and research direction (Figure 4),
different journals were mutually related. The studies primarily focused on agricultural
ecology, environmental science, and soil science. Science of the Total Environment showed
the strongest performing links (33,264) with other journals, followed by Environmental
Science and Pollution Research, which had the second largest total link strength at 14,024,
followed by Environmental Pollution (9551) and Journal of Environmental Management
(8660). From the perspective of journal level, eight journals were located in the Q1 region,
among which the Journal of Hazardous Materials had the highest impact factor of 13.6.

Table 3. Top 10 journals publishing on soil security assessment from 1979 to 2023.

Ranking Journal Number of Papers Impact Factor (2023)
Journal
Citation
Reports

1 Science of The Total Environment 247 9.8 Q1
2 Environmental Science and Pollution Research 158 5.8 Q1
3 Environmental Pollution 86 8.9 Q1
4 Journal of Environmental Management 86 8.7 Q1
5 Sustainability 71 3.9 Q2
6 Chemosphere 66 8.8 Q1
7 Environmental Science & Technology 65 11.4 Q1
8 Journal of Hazardous Materials 53 13.6 Q1
9 Agricultural Systems 50 6.6 Q1
10 Environmental Monitoring and Assessment 48 3 Q3
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3.2. Temporal Evolution

Keywords can highly condense research content, and high-frequency collinear analysis
can help understand the hotspots and trends of research in specific fields. Based on the
number of publications, trend analysis, and significant content, China launched the second
national soil survey in 1979, perfected the soil classification in 2009, and issued the “Soil
Pollution Prevention and Control Action Plan” in 2016 (by the State Council). This study
divided soil security research into three stages using VOSviewer visualization of research
hotspots to analyze the research evolution trends in each stage.

3.2.1. Initial Exploratory Period (1979–2008)

The period 1979–2009 was the initial exploration stage of soil security research in farm-
lands and grasslands, and few studies were published. The high-frequency keywords at this
stage (Figure 5) were agriculture (13 times, centrality = 2.43), food security (12 times, cen-
trality = 2.12), management (11 times, centrality = 1.31), model (9 times, centrality = 2.01),
water (8 times, centrality = 0.54), climate change (7 times, centrality = 3.31), and the environ-
ment (7 times, centrality = 1.38). This reflects the fact that research on soil security focused
on resource development and management in the early stages. The content was primarily
regional distribution, problems, and the supply and demand situation of agricultural de-
velopment [22–24], as well as policy measure impact on agricultural production [25] and
environmental impact on agricultural production [26]. Next, strategic objectives, concrete
measures, and development ideas were proposed for sustainable utilization of agricultural
resources in China.
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3.2.2. Rapid Development Period (2009–2015)

At this stage, high-frequency keywords increased sharply, the relationships between
words became more complex, and research on soil security in farmlands and grasslands
entered a stage of rapid development (Figure 6). The high-frequency keywords at this stage
were food security (133 times, centrality = 1.77), management (74 times, centrality = 2.22),
climate change (54 times, centrality = 1.28), soil (48 times, centrality = 1.01), water (46 times,
centrality = 0.81), and agriculture (45 times, centrality = 1.87). Thus, with an emphasis
on farmland and grassland resources, the research content in soil security was gradually
enriched, excluding the development and utilization of farmland and grassland soil [27,28].
Research was performed on development situations [29], strategic countermeasures [30,31],
index measurements, and empirical assessments [32,33]. Leroy et al. [34] identified nine
indicators and grouped them into three broad categories to assess food access at the
household and individual levels. Norse et al. [35] noted that distorted policies designed to
boost food self-sufficiency damaged the environment. Brulle et al. [36] used the Stimson
method to construct aggregate opinion measures and applied data from 74 separate surveys
over a 9-year period to construct quarterly measures of public concern over global climate
change. Meanwhile, studies on sustainability development and land use-based energy
yield also appeared in this stage, which indicated that researchers began to pay attention to
sustainable development [37,38], the efficient use of farmland [39–41], and basic research
on soil security.



Sustainability 2024, 16, 404 9 of 20

Sustainability 2024, 16, x FOR PEER REVIEW 9 of 21 
 

separate surveys over a 9-year period to construct quarterly measures of public concern 
over global climate change. Meanwhile, studies on sustainability development and land 
use-based energy yield also appeared in this stage, which indicated that researchers began 
to pay attention to sustainable development [37,38], the efficient use of farmland [39–41], 
and basic research on soil security. 

 
Figure 6. Co-keyword network in soil security assessment research from 2009 to 2015. 

3.2.3. Comprehensive Development Period (2016–2023) 
From 2016 to 2023, the relevant research direction on soil security in farmlands and 

grasslands was more diversified and the research content was more focused (Figure 7). 
The high-frequency keywords in this stage were food security (473 times, centrality = 
0.96), management (282 times, centrality = 0.78), soil (254 times, centrality = 0.86), and cli-
mate change (244 times, centrality = 1.03). These results showed that, although soil secu-
rity research in farmland and grassland represented an extension of the previous two 
stages, the research topics were more prominent in monitoring method, the evolution law 
of cultivated land, and factors that influence cultivated land quality [42,43]. Wu et al. [44] 
proposed a method for monitoring cropland retirement using Landsat images and time 
series sub-sequences of cropland probabilities. Wang et al. [45] presented a newly devel-
oped distributed land use change prediction model for the high-precision prediction of 
land use change based on a comprehensive depiction of future cropland N2O emissions 
on a national scale, which provided an opportunity to elucidate how the changes in 
cropland area affected the magnitude and spatial distribution of N2O emissions from 
China’s croplands from 2020 to 2070. Li et al. [46] applied a linear regression method to 
analyze the inter-annual variation trend of soil water content in the source region of the 
Yangtze River from 2011 to 2021 and used the t-test to analyze the correlation between the 
changes in average temperature and precipitation and the changes of soil water content 
in the source region of the Yangtze River from 2011 to 2021. 

Figure 6. Co-keyword network in soil security assessment research from 2009 to 2015.

3.2.3. Comprehensive Development Period (2016–2023)

From 2016 to 2023, the relevant research direction on soil security in farmlands and
grasslands was more diversified and the research content was more focused (Figure 7).
The high-frequency keywords in this stage were food security (473 times, centrality = 0.96),
management (282 times, centrality = 0.78), soil (254 times, centrality = 0.86), and climate
change (244 times, centrality = 1.03). These results showed that, although soil security
research in farmland and grassland represented an extension of the previous two stages,
the research topics were more prominent in monitoring method, the evolution law of
cultivated land, and factors that influence cultivated land quality [42,43]. Wu et al. [44]
proposed a method for monitoring cropland retirement using Landsat images and time
series sub-sequences of cropland probabilities. Wang et al. [45] presented a newly devel-
oped distributed land use change prediction model for the high-precision prediction of
land use change based on a comprehensive depiction of future cropland N2O emissions
on a national scale, which provided an opportunity to elucidate how the changes in crop-
land area affected the magnitude and spatial distribution of N2O emissions from China’s
croplands from 2020 to 2070. Li et al. [46] applied a linear regression method to analyze the
inter-annual variation trend of soil water content in the source region of the Yangtze River
from 2011 to 2021 and used the t-test to analyze the correlation between the changes in
average temperature and precipitation and the changes of soil water content in the source
region of the Yangtze River from 2011 to 2021.

3.3. Keyword Co-Occurrence Network and Topic Mining

Excel software 2020 was used to calculate the frequency of keywords in publica-
tions related to soil security assessments in farmlands and grasslands from 1979 to 2023.
The top 30 high-frequency keywords were summarized (Table 4), and they represent the
research hotspots.

Based on the keyword frequency statistics, keyword collinear graphs (Figure 8), and
cluster analysis, thematic relationships among research hotspots were analyzed. By com-
bining the synonyms of the graph and screening the information, the popular topics in
the field of soil security assessments of farmlands and grasslands were summarized, and
they included land development and utilization, security of industrial and supply chains,
ecological security, and ecosystem service value. The keywords changed over time. For
example, from 1979 to 2008, they focused on the environment and mercury; from 2009 to
2015, they focused on energy and emissions; and, from 2009 to 2013, they focused on heavy
metals and ecosystem services.
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Table 4. Statistics on the high-frequency keywords in soil security assessment research.

Ranking Keyword Frequency Ranking Keyword Frequency

1 food security 618 16 systems 146
2 climate change 534 17 land-use 144
3 impact 427 18 ecosystem services 135
4 management 367 19 growth 135
5 soil 308 20 quality 133
6 agriculture 267 21 nitrogen 131
7 water 260 22 cadmium 128
8 model 218 23 greenhouse-gas emissions 127
9 yield 188 24 accumulation 124
10 China 180 25 life-cycle assessment 122
11 pollution 176 26 rice 117
12 security 176 27 maize 112
13 heavy metals 165 28 irrigation 111
14 sustainability 165 29 productivity 111
15 contamination 152 30 wheat 109

3.3.1. Land Development and Utilization

The high-frequency keywords (frequency) in this section primarily included soil (308),
land use (144), agriculture (267), and irrigation (111). This indicates that the research
hotspots for soil security assessments of farmlands and grasslands were concentrated on
land development and utilization. Such research investigated land resource development
practices under different resource conditions at home and abroad [47–49], spatiotemporal
characteristics, green development, ecological risk analysis [50–52], and utilization effi-
ciency and cost-benefit analyses [53–55]. He et al. [56] conducted a spatiotemporal analysis
of land development and utilization intensity in the Tampa Bay watershed from 1985 to
2015. Huang et al. [57] discussed the feasibility of achieving carbon neutrality in China
by 2060 and the carbon sink distribution carried by different land use modes based on
the prediction of anthropogenic carbon emissions and terrestrial ecosystem carbon sinks
by the intelligent prediction and association tool model. Yanbo et al. [58] pointed out
that territorial spatial planning mediation for potential land utilization conflicts repre-
sented a scientific choice to achieve high-quality regional development and was of great
significance in guiding the national space utilization mode. Zheng et al. [59] explored the
interactions between economic development and land-intensive utilization using dynamic
econometrics based on measuring the degree of economic development and land-intensive
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utilization; they found that both economic development and land-intensive utilization
were integrated of one order. The response of land-intensive utilization to the economic
development impulse was remarkable, and the economic development impulse explained
85% of land-intensive utilization changes.
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3.3.2. Security of the Industrial and Supply Chains

The security of industrial and supply chains is assessed based on the use of an op-
timization analysis of the supply chain to investigate the entire industrial chain. The
high-frequency keywords (frequency) in this section primarily included food security (618),
management (367), security (176), pollution (176), and quality (133). With the current
high-quality development of agriculture and animal husbandry, the requirement for soil
security assessments of farmlands and grasslands is increasing. Coupled with the changing
world pattern and the tightening constraints on domestic soil and water resources, the
soil security situation is grim, and the robustness of the supply chain system requires
urgent improvement. Associated research focuses on current risk analyses, promotion
strategies [60], and development effects [61]. Among research focused on status quo risk
and judgment, Rossetto et al. [62] analyzed sustainability in the sugarcane supply chain in
Brazil and pointed out issues and methods for advancement. In addition, Romeiko and
Bianchi et al. [63,64] analyzed the spatially and temporally explicit life cycle environmental
impacts of soybean production and performed a life cycle comparison of environmental
analyses along the supply chains of dark, milk, and white chocolate, respectively. Among
research investigating advancement strategies, Gordillo et al. [65] proposed an agricultural
solution for a product supply chain using blockchain. In addition, Pastorelli et al. [66] noted
that the digestate from biogas production can be recycled into the soil as a conditioner
or fertilizer, which can improve the environmental sustainability of the energy supply
chain. Pelletier et al. [67] highlighted the complex relationships among energy use in food
systems, food system productivity, and energy resource constraints and revealed the key
drivers and trends in food system energy use along with opportunities and constraints on
improved efficiency. Among research on development effectiveness, Nuhu et al. [68] used
fixed effects and instrumental variable estimators to address the endogeneity of smallholder
crop sale decisions and estimated the smallholder welfare effects of non-formal contract
midstream activities in Zambia’s soybean value chain, and the results suggested that the
recent expansion of the soybean industry in Zambia benefited smallholder farmers but was
not necessarily sufficient to move the smallest of these farmers out of poverty. Fu et al. [69]
proposed and empirically examined a model using survey data from 78 agricultural compa-
nies and 321 peasant households in China and showed that different types of power have
different effects on contract farming. In particular, non-economic power significantly and
positively affected supply chain integration, and the impact on process co-ordination was
greater than that on information sharing. Sharma et al. [70] examined the direct effects of
Industry 4.0 technology capabilities (I4TCs) and supply chain integration (SCI) on sustain-
able agricultural supply chain performance (SASCP) based on data collected from 262 food
processing organizations in India. Their findings highlight the noteworthy impact of I4TC
on SASCP and verify the presence of SCI as a partially mediating variable.

3.3.3. Ecological Security

Ecological security reflects the health and integrity of an ecosystem and guarantees
the protection of human production and life from ecological damage and environmental
pollution. Protecting the integrity of ecosystem functions and providing ecological benefits
are of great significance [71]. Ecological security assessments are performed to support
ecological protection and analyze the development level and existing problems of ecological
security by constructing qualitative and quantitative models. The high-frequency keywords
(frequency) in this section primarily include impact (427), model (218), systems (146), and
life cycle assessment (122). Existing research primarily focuses on agricultural production,
water environment [72–75], and ecological landscape. The analysis methods include the
structural equation method, improved analytic hierarchy process [76], energy analysis [77],
and entropy weight fuzzy comprehensive evaluation [78]. Zhang et al. [79] used a structural
equation model to empirically study the action law of each influencing factor and the
mechanisms underlying the associated interest linkage based on 358 research data samples
from participants in the green supply chain of grassland livestock products in the Inner
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Mongolia Autonomous Region. Ouyang et al. [80] estimated the nutrient delivery ratio
and habit quality of the Naoli River in 2000, 2006, and 2014 based on the SWAT model
and the integrated valuation of ecosystem services and tradeoffs (InVEST) model and
obtained the response of N and P loads and habit quality to spatial and temporal variation.
Song et al. [81] constructed an evaluation index system of landscape ecological security to
analyze the landscape ecological security level and its spatiotemporal distribution pattern
in Beijing City from 1988 to 2004, and the results showed that the landscape ecological
security index was at a moderate level, with the above parameters presenting average
values of 0.410 and 0.403, respectively. Wang et al. [82] investigated the mechanisms and
methodologies for regional ecological security assessments from the perspective of disasters
based on the pressure-state-response (P-S-R) mechanism. Wang [83] and Wang et al. [84]
developed ecological security assessment models to evaluate the ecological security of
the Huaihe River in Anhui Province and the Daling River watershed in West Liaoning
Province, respectively.

3.3.4. Ecosystem Service Value

Ecosystem service value is a quantitative estimation of ecosystem service capacity,
and it plays an important role in spatial planning, ecological regulation, and ecological
restoration [85]. Presently, ecosystem services are primarily measured by material quality
and value quantity. Material quality refers to the flow of materials generated by ecosystem
processes or functions that can improve human welfare, and value quantity refers to the
monetary value of an ecosystem. The high-frequency keywords (frequency) in this section
primarily included climate change (534), China (180), greenhouse gas emissions (127), and
accumulation (124). Previous studies on ecosystem service value have primarily focused
on spatiotemporal evolution [86,87], driving factors [88,89], evolution mechanism [90],
value prediction, and compensation strategies [91]. Deng et al. [92] used the ecological
service value equivalent factor method, grid method, and exploratory spatial data analysis
to discuss the spatial distribution and evolution of the ecosystem service value before
and after the implementation of the Grain for Green Project (GGP) and determine the
impacts of the GGP on the ecosystem service value based on land use data for northern
Shaanxi from 1990, 2000, and 2015. Jiang et al. [93] evaluated the ecosystem service value
of 24 towns in Anxi County from 1999 to 2019 using the adjustment coefficients of biomass
factors and socioeconomic factors to modify the traditional ecosystem service valuation
model. Li et al. [94] explored the tradeoffs and synergies between ecosystem services using
Pearson’s correlation and spatial autocorrelation analyses for multiple scenarios in 2025,
and the results showed that the pattern of land use changed significantly. In addition,
Ding et al. [95] analyzed land use change situations and introduced assessment and scoring
theories to study dynamic changes in ecosystem services.

3.4. Current Methods for Soil Security Assessment

Soil security is an important basis for the development of green and low-carbon
agriculture and animal husbandry, and scientific and systematic evaluations of soil health
levels must be performed to promote the high-quality development of agriculture. This
study presents an index system and evaluation model for soil security to provide a reference
for further research on soil security evaluation.

3.4.1. Index System

For evaluation indicators related to the soil security of farmlands and grasslands,
the selected indicators and their application ranges differ from study to study, and most
are related to a specific spatial scale [96] or land use mode. Different spatial scales or
evaluation objects have different evaluation criteria, and their evaluation methods differ
significantly. In general, an indicator reflects the spatial conditions and changes in soil
security in farmland and grassland at national and provincial scales. Areas in which
cultivated soil health is limited or vulnerable are characterized, and optimization and



Sustainability 2024, 16, 404 14 of 20

conservation strategies are studied. At the county scale, the overall status and spatial
variation of cultivated soil security under different planting systems and intensity levels
have been discussed, and soil security management and protection strategies for farmland
and grassland have been proposed [86]. At the field scale, the factors limiting soil security
have been identified according to different land management situations, and a management
model for maintaining soil security in farmlands and grasslands has been established [92].

In terms of evaluation indicators, the index type primarily includes soil survey data
and distributed sampling tests. Considering the low availability of soil quantity data at
large spatial scales and the minimal dataset indicator filtering, the number of indicators
selected in the empirical study ranged from 1 to 12 [97–100], more than half of which
had fewer than seven index types. Therefore, 6–12 indexes can achieve a comprehensive
evaluation of soil security at different scales, and certain commonalities are observed among
the core evaluation indexes. The associated data were obtained from a soil database and a
soil map.

3.4.2. Evaluation Model

The connotations of soil quality are complicated, and existing evaluation models
primarily provide comprehensive evaluations of factors such as accumulation, accumu-
lation and multiplication, and empirical function types. The cumulative method is the
most widely used and refers to the average summation of relatively independent evalua-
tion index data or weighted summation after weighting various approaches, such as the
Delphi method, analytic hierarchy process, and principal component analysis, to obtain
comprehensive evaluation results. In the continuous multiplication method, a relatively
independent index value is continuously multiplied, and the final result is considered the
result of the comprehensive evaluation. This method is suitable for situations with fewer
evaluation indicators, and the evaluation results show a distinct differentiation. The accu-
mulative and multiplicative methods divide the evaluation indicators into several groups
using the accumulative type within the group and the continuous multiplicative type
between the groups to obtain comprehensive evaluation results. This method is suitable for
situations in which the evaluation objectives are relatively complex. The empirical function
method has been utilized to obtain comprehensive evaluation results using the validated
evaluation index mapping function and input index values. This method is suitable for a
single evaluation target, and the evaluation results are more reliable.

Typical studies on soil security assessments in farmlands and grasslands and the
different analytical dimensions are listed in Table 5.

Table 5. Canonical research on soil security assessments.

Nation Area Goal Indicator Model Reference

Germany,
Russia, China

Soil of cultivated
and grassland Crop potential

Basic index, soil matrix,
topsoil structure,

biological activity, and
so on.

Risk indicators, rock
depth, coarse particulate
matter content, drought,

and so on

Type of synthesis:
accumulation
multiplicative

[101]

Italy Soil for all land
use types

Characterization of
resistance to

desertification
and drought

Soil layer thickness,
texture, parent
material, slope

Type of synthesis:
tandem [99]

Rahul Valley,
northwest
Himalaya

Soil for all land
use types

Evaluation of
agricultural application

value of night
soil compost

Fertility and heavy
metal parameters

determine fertility and
cleanliness indicators

- [102]
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Table 5. Cont.

Nation Area Goal Indicator Model Reference

China Plowland

Investigation of the
distribution

characteristics of As
content in dry soil and

maize seed in
Guizhou Province

Content and basic
physicochemical
properties of As

Single factor
pollution index

method
[103]

China Garden,
woodland, etc. Soil safety evaluation

Cadmium, mercury,
arsenic (metal-like), lead,

chromium, and other
heavy metals

Nemerow
pollution index

method
[104]

Ukraine
Agricultural
activities and
arable land

Soil organic carbon loss
and soil degradation

Land productivity, soil
organic matter content,

land use type

Geographic
information model [105]

China

Dry land, paddy
fields, vegetable

fields, tea gardens,
orchards, Chinese

medicine fields
and tobacco fields

Spatial distribution of
mercury (Hg)

concentration in
agricultural soil and its

food safety risk
assessment

Mercury concentration - [106]

China Facility
agricultural land

Environmental quality
of soil heavy metals

Cd, Hg, As, Pb, Cr, Cu,
Ni, and Zn contents

Single factor
pollution index

method and
Nemerow

index method

[107]

China Dry red soil

Responses of different
soil health to long-term
inorganic and organic

fertilization
management

Twenty soil physical,
chemical and biological
indicators, with copper,
zinc, cadmium, lead as

four heavy
metal indicators

- [108]

China Facility
agricultural land

Assessing the risk of
heavy metals in soil and

vegetables in
plastic sheds

Cd, Cr, Cu, Zn, Ni, Pb,
and As contents

DTPA extraction
and DGT
extraction

[109]

China Ferrallitic soil Soil fertility

Organic matter, total
nitrogen, total

phosphorus, available
phosphorus, pH, cation
exchange capacity, clay

content, etc.

Synthesis:
accumulation

multiplicative type
[110]

China Cultivated soil Ecological health status
of high-yield farmland

Bulk density, water
retention, texture,

aggregate,
microorganisms, soil

layer thickness, REDOX
potential, total
nitrogen, etc.

- [111]

4. Conclusions

In the present study, we analyzed 3618 Chinese and foreign periodical studies with
“soil security” as the research object from the WOS core database. Using VOSviewer
software, a bibliometric method was used to analyze publication number, publication
institutions, keywords, topic clustering, and research hotspots in the field of “soil security
assessment”. The main findings were as follows:
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(1) Research on the soil security assessment of farmlands and grasslands started in
1979, and the number of papers presented three stages: germination, start-up, and
rapid development. The countries with the largest number of published papers were
China and India, and the remaining eight in the top 10 were powerful agricultural
countries, indicating that the level of agricultural development plays a significant role
in promoting soil security research. A total of 1381 research institutions performed soil
security assessments of farmlands and grasslands. The Chinese Academy of Sciences,
University of Chinese Academy of Sciences, and China Agricultural University were
the top three institutions, with 306, 108, and 88 publications, respectively. Science of
The total Environment was the journal with the highest number of publications at 247.

(2) According to the time sequence of the keywords, the research frontier of soil security
assessments in farmlands and grasslands can be divided into three stages. During the
initial exploratory period (1979–2008), the keywords were agriculture, food security,
and management, and the relevant research focused on resource development and
management. During the rapid development period (2009–2015), the keywords were
climate change, soil, water, and sustainability, and the relevant research focused on
sustainable development and the efficient use of farmland. During the comprehensive
development period (2016–2023), the keywords included impact and model, and
the relevant research focused on the assessment, measurement, and evolution of
cultivated land.

(3) Research on soil security assessments of farmlands and grasslands at home and
abroad primarily focused on four aspects: land development and utilization, security
of industrial and supply chains, ecological security, and ecosystem service value. The
keywords in the field of land development and utilization were soil, land use, and
agriculture, and the research focused on the rational development and efficient use
of land. The keywords in the field of industrial and supply chain security were food
security, management, and security, and the research focused on risk assessment and
promotion strategies. The keywords in the field of ecological security were impact,
model, and systems, and the research focused on ecological security assessments of
agricultural production and the water environment. The keywords in the field of
ecosystem service value were climate change, China, and greenhouse gas emissions,
and the research focused on spatiotemporal evolution and driving factors, evolution
mechanisms, value predictions, and compensation strategies. At present, there is
an urgent need to conduct soil security assessment models based on regional devel-
opment, soil biology, spatial metrology, and other parameters, to establish an index
system, and to analyze the evolution rules of soil security at different scales and
investigate the scale effect of soil quality evaluations.
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