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Abstract 
This comprehensive bibliometric analysis examines the evolving landscape of soil 
science research from 2000 to 2024, with particular emphasis on climate change 
impacts, soil contamination, and nutrient cycling dynamics. Through systematic 
analysis of 112,911 publications across 39 major soil science journals, this study 
reveals significant research trends and emerging hotspots in contemporary soil 
science. The analysis demonstrates a marked acceleration in publication output post-
2015, coinciding with increased global awareness of climate change impacts on 
terrestrial ecosystems. Key findings indicate that soil organic carbon research has 
emerged as a dominant theme, with interdisciplinary approaches increasingly 
prevalent. Climate change impacts on soil-plant interactions, heavy metal 
contamination remediation, and microbial nutrient cycling represent the fastest-
growing research areas. The bibliometric mapping reveals strong geographical 
clustering of research activities, with North America, Europe, and East Asia leading 
publication outputs. Emerging trends include precision agriculture applications, 
controlled-release fertilizer technologies, and microplastic pollution in soil systems. 
This analysis provides critical insights for researchers, policymakers, and funding 
agencies to understand current research priorities and identify future research 
directions in soil science 
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1. Introduction 

Soil science represents one of the fundamental disciplines underpinning agricultural productivity, environmental sustainability, 

and global food security [1]. As climate change accelerates and environmental pressures intensify, understanding research trends 

in soil science becomes increasingly critical for directing scientific efforts and policy interventions [2]. Bibliometric analysis 

offers an objective and systematic approach to evaluate research patterns, identify emerging themes, and map the intellectual 

structure of scientific disciplines [3]. 

The field of soil science has experienced remarkable growth over the past three decades, with publication volumes increasing 

exponentially and research scope expanding to encompass complex interdisciplinary challenges [4]. Contemporary soil science 

research addresses multifaceted issues including climate change adaptation, contamination remediation, sustainable agriculture 

practices, and ecosystem service provision [5]. This expansion reflects the growing recognition of soil systems as critical 

components of Earth's life support systems and their vulnerability to anthropogenic pressures [6]. 

Recent bibliometric analyses have identified several emerging research frontiers in soil science, including soil organic carbon 

dynamics, microbiome interactions, and precision agriculture technologies [7]. However, comprehensive mapping of research 

trends across the three critical domains of climate impacts, contamination, and nutrient cycling remains limited [8]. Understanding 

these interconnected research areas is essential for developing integrated approaches to soil management and conservation [9]. 

This study aims to provide a comprehensive bibliometric analysis of soil science research trends from 2000 to 2024, with specific 

focus on climate change impacts, soil contamination, and nutrient cycling dynamics. Through systematic analysis of publication 

patterns, citation networks, and keyword evolution, this research identifies key research themes, geographical distributions, and 
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Climate change impacts emerge as a major research cluster, 

with studies focusing on temperature effects, precipitation 

changes, and extreme weather events on soil properties [36]. 

The integration of climate modeling with soil science has 

produced significant advances in understanding soil-climate 

feedbacks [10-37]. 

Heavy metal contamination represents the dominant 

contamination research theme, driven by industrial pollution 

concerns and remediation technology development [38]. 

Emerging contaminants including microplastics, 

pharmaceuticals, and endocrine disrupting compounds show 

increasing research attention [39].

 

3.4 Emerging Trends and Future Directions 

 
Table 1: Top 20 Emerging Keywords (2020-2024) 

 

Rank Keyword Frequency Growth Rate (%) Research Domain 

1 Microplastics 342 1,245% Contamination 

2 Machine Learning 289 987% Technology 

3 Biochar 267 876% Climate/Nutrients 

4 CRISPR 234 756% Biotechnology 

5 Controlled Release 198 654% Nutrients 

6 Soil Microbiome 187 598% Biology 

7 Precision Agriculture 176 567% Technology 

8 Carbon Sequestration 165 534% Climate 

9 Nanoparticles 154 498% Contamination 

10 Enzyme Activity 143 456% Biology 

11 Remote Sensing 132 423% Technology 

12 Bioremediation 121 389% Contamination 

13 Cover Crops 119 376% Agriculture 

14 Metagenomic 108 345% Biology 

15 IoT Sensors 97 312% Technology 

16 Mycorrhizae 89 289% Biology 

17 Green Chemistry 82 267% Contamination 

18 Digital Mapping 76 243% Technology 

19 Soil Health 71 221% Agriculture 

20 Circular Economy 65 198% Sustainability 

 

The analysis of emerging keywords reveals significant 

technological integration in soil science research [40]. 

Machine learning and artificial intelligence applications 

show explosive growth, with 987% increase in keyword 

frequency since 2020 [41]. These technologies enable 

advanced soil property prediction, contamination mapping, 

and precision agriculture applications [42]. 

Microplastics research represents the fastest-growing 

contamination theme, reflecting urgent environmental 

concerns about plastic pollution in terrestrial ecosystems [43]. 

The emergence of nanotechnology applications in both 

contamination and remediation contexts indicates expanding 

research frontiers [44]. 

Biotechnology integration, particularly CRISPR applications 

for soil microorganism modification, suggests new 

approaches to soil management and restoration [45]. The 

controlled-release fertilizer technology development 

addresses both nutrient efficiency and environmental 

protection concerns [46]. 

 

4. Research Impact and Citation Analysis 

4.1 Most Influential Publications 

The citation analysis identifies seminal publications that have 

shaped soil science research directions. The most cited 

publication, "Global soil organic carbon map" by Hengl et al. 

(2014), received 3,456 citations and established digital soil 

mapping methodologies [47]. Climate change impact studies 

dominate high-citation publications, with six of the top ten 

most-cited papers addressing soil-climate interactions [48]. 

Contamination research impact concentrates on heavy metal 

studies and remediation technologies, with phytoremediation 

reviews receiving exceptional citation rates [49]. Nutrient 

cycling publications show diverse citation patterns, reflecting 

the multidisciplinary nature of biogeochemical research [50]. 

 

4.2 Journal Impact and Research Quality 

 

 
 

Fig 1: Journal Impact Factor Distribution in Soil Science 
 

The journal analysis reveals improving research quality 

metrics across soil science publications [51]. Average impact 

factors increased from 2.34 in 2000 to 4.67 in 2024, 

indicating enhanced research rigor and broader scientific 

interest [52]. Climate change-related publications achieve the 

highest average impact factors (5.23), followed by 

contamination studies (4.89) and nutrient cycling research 

(4.12) [53]. 

 

5. Challenges and Limitations 

Several limitations affect this bibliometric analysis. Database 

coverage bias toward English-language publications may 

underrepresent research from non-English speaking countries 
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[54]. The focus on journal publications excludes conference 

proceedings, books, and technical reports that contribute to 

soil science knowledge [55]. 

Keyword selection and search strategy decisions influence 

result comprehensiveness [56]. The rapid evolution of research 

terminology creates challenges in maintaining consistent 

keyword tracking across the 25-year study period [57]. 

Citation-based metrics may undervalue recent publications 

due to citation accumulation time requirements [58]. 

 

6. Conclusions and Future Perspectives 

This comprehensive bibliometric analysis reveals dynamic 

evolution in soil science research, with climate change 

impacts, contamination remediation, and nutrient cycling 

representing core research domains [59]. The exponential 

growth in publication volume reflects increasing global 

recognition of soil systems' critical importance for 

environmental sustainability and human welfare [60]. 

Key findings indicate strong technological integration trends, 

with machine learning, remote sensing, and biotechnology 

applications transforming traditional soil science approaches 
[61]. The emergence of interdisciplinary research 

collaborations suggests future soil science will increasingly 

integrate with environmental science, agriculture, and 

engineering disciplines [62]. 

Geographic analysis reveals persistent research concentration 

in developed countries, although emerging economies show 

rapid capacity development [63]. International collaboration 

networks continue expanding, facilitating knowledge transfer 

and capacity building [64]. 

Future research priorities should address identified 

knowledge gaps, particularly in soil microbiome interactions, 

climate adaptation strategies, and sustainable contamination 

remediation technologies [65]. The integration of precision 

agriculture technologies with soil science offers significant 

potential for enhancing global food security while 

maintaining environmental sustainability [66]. 

Policy implications suggest need for increased research 

funding in emerging areas, particularly microplastic 

pollution, biotechnology applications, and climate adaptation 

strategies [67]. Enhanced international collaboration 

mechanisms could accelerate knowledge transfer and 

technology adoption in developing regions [68]. 

This bibliometric analysis provides essential insights for 

researchers, funding agencies, and policymakers to 

understand current soil science research landscape and 

identify strategic priorities for future development [69]. 

Continued monitoring of research trends will support 

adaptive management of research priorities as global 

environmental challenges evolve [70]. 
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