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Abstract 
Global soil science research demonstrates persistent inequalities in publication access, 
authorship representation, and resource distribution that significantly impact scientific 
progress and knowledge democratization. This comprehensive scientometric analysis 
examines 247,892 soil science publications from 2000-2024 across 156 countries to 
evaluate equity patterns, access barriers, and growth trajectories in the discipline. 
High-income countries account for 78.4% of total publications despite representing 
only 16% of global population, with the United States, China, and Germany producing 
52.7% of all soil science research. Female authorship remains significantly 
underrepresented at 31.2% overall, with substantial regional variations ranging from 
18.5% in South Asia to 47.3% in Nordic countries. Open access availability reaches 
only 34.6% of soil science publications, creating significant barriers for researchers in 
developing nations where institutional subscriptions are limited. Citation analysis 
reveals systematic bias favoring English-language publications from established 
institutions, with non-English research receiving 43% fewer citations despite 
comparable methodological quality. Funding disparities show dramatic inequalities, 
with African institutions receiving 0.8% of global soil science funding while managing 
60% of degraded agricultural lands. Emerging economies demonstrate rapid 
publication growth rates (12.4% annually) but face persistent challenges in 
international collaboration and high-impact journal access. Institutional analysis 
reveals that 85% of highly-cited research originates from universities with 
endowments exceeding $1 billion, highlighting resource-based publication 
advantages. This analysis provides critical insights for developing equitable policies 
to democratize soil science research and enhance global knowledge sharing. 
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1. Introduction 

Scientific knowledge production in soil science, as in many disciplines, reflects broader global inequalities in educational 

infrastructure, research funding, and technological access [1-9]. These disparities have profound implications for addressing 

critical challenges including food security, climate change adaptation, and sustainable land management, which 

disproportionately affect developing regions [10]. Understanding patterns of equity and access in soil science publications is 

essential for developing inclusive research frameworks that harness global expertise and address local knowledge needs [11]. 

Historical analysis reveals that soil science research has been dominated by institutions in high-income countries, despite the 

fact that many of the world's most pressing soil-related challenges occur in developing regions [12]. This geographic concentration 

of research activity creates significant knowledge gaps, particularly regarding tropical soils, smallholder farming systems, and 

indigenous soil management practices [13]. The resulting research bias limits the global applicability of soil science findings and 

perpetuates technological dependencies that may not address local contexts effectively [14]. 

Gender representation in soil science publications reflects broader patterns of inequality in STEM fields, with women 

significantly underrepresented in authorship, editorial positions, and research leadership roles [15]. These disparities are 

particularly pronounced in developing countries where cultural barriers, limited educational opportunities, and resource 

  



Journal of Soil Future Research www.soilfuturejournal.com  

 
    50 | P a g e  

 

constraints create additional obstacles for women's 

participation in scientific research [16]. Understanding these 

patterns is crucial for developing targeted interventions to 

enhance diversity and inclusivity in soil science [17]. 

Access to scientific literature represents another critical 

equity dimension, with paywall restrictions limiting 

knowledge availability for researchers in resource-

constrained settings [18]. The soil science literature, 

predominantly published in subscription-based journals, 

creates barriers that prevent many researchers from accessing 

current research findings, potentially hindering local capacity 

building and knowledge application [19]. Open access 

initiatives have emerged as potential solutions, but their 

adoption in soil science remains limited compared to other 

disciplines [20]. 

Citation patterns and research impact metrics often reflect 

systemic biases that favor certain institutions, countries, and 

languages over others [21]. These biases can perpetuate 

inequality by concentrating resources and recognition among 

established research centers while marginalizing valuable 

contributions from underrepresented researchers and regions 
[22]. Examining these patterns is essential for developing more 

equitable evaluation frameworks and funding allocation 

mechanisms [23]. 

This comprehensive scientometric analysis examines equity, 

access, and growth patterns in soil science publications over 

the past 25 years, providing quantitative evidence of existing 

disparities and identifying opportunities for enhancing global 

research inclusivity [24]. The study integrates multiple 

analytical approaches including geographic distribution 

analysis, authorship diversity assessment, open access 

evaluation, and citation network analysis to provide a holistic 

understanding of equity challenges in the field [25]. 

 

2. Methodology 

2.1 Database and Search Strategy 

This scientometric analysis utilized the Web of Science Core 

Collection as the primary data source, supplemented by 

Scopus and Google Scholar for comprehensive coverage 

verification [26]. The search strategy employed subject 

category filtering for "Soil Science" combined with keyword 

searches encompassing major soil science topics including 

pedology, soil chemistry, soil physics, soil biology, and soil 

management [27]. The temporal scope covered January 1, 

2000, to December 31, 2024, capturing 25 years of soil 

science research evolution [28]. 

Search terms were developed in consultation with soil 

science experts and included variations to capture regional 

terminology and research focus differences [29]. Boolean 

operators were employed to ensure comprehensive retrieval 

while maintaining relevance: ("soil science" OR "pedology" 

OR "soil chemistry" OR "soil physics" OR "soil biology" OR 

"edaphology") AND ("research" OR "study" OR "analysis") 
[30]. Language restrictions were not applied initially to capture 

global research diversity, though subsequent analysis 

examined language-based publication patterns [31]. 

 

2.2 Data Processing and Quality Control 

Retrieved publications underwent systematic quality control 

procedures to ensure data integrity and analytical reliability 
[32]. Duplicate records were identified using automated 

algorithms based on DOI, title similarity, and author 

matching, followed by manual verification for borderline 

cases [33]. Non-research publications including editorials, 

book reviews, and conference abstracts were excluded to 

maintain focus on primary research contributions [34]. 

Author name disambiguation employed multiple approaches 

including institutional affiliation matching, co-author 

network analysis, and ORCID identification where available 
[35]. Geographic attribution was based on author institutional 

affiliations, with multi-country collaborations allocated 

proportionally among participating nations [36]. Gender 

identification utilized computational approaches combining 

name-based prediction algorithms with manual verification 

for uncertain cases [37]. 

 

2.3 Equity and Access Metrics 

Multiple quantitative metrics were employed to assess equity 

and access patterns across different dimensions [38]. 

Geographic equity was evaluated using the Gini coefficient 

to measure publication concentration among countries, with 

values approaching 1 indicating maximum inequality [39]. The 

Relative Citation Impact (RCI) metric normalized citation 

counts by publication year and subject category to enable fair 

comparison across different research contexts [40]. 

Access barriers were quantified through open access 

availability analysis, categorizing publications as gold open 

access (published in fully OA journals), green open access 

(author-archived versions), hybrid open access (individual 

OA articles in subscription journals), or closed access [41]. 

Funding acknowledgment analysis identified resource 

disparities by extracting and categorizing funding sources 

from publication acknowledgments [42]. 

 
Table 1: Equity Assessment Framework and Indicators 

 

Dimension Primary Metrics Secondary Indicators Data Sources 
Temporal 

Coverage 

Geographic Publication count by country Gini coefficient, Collaboration index WoS, Scopus 2000-2024 

Gender Female authorship percentage First/last author analysis Name analysis, ORCID 2000-2024 

Access Open access percentage Paywalled content ratio 
Unpaywall, OA 

indicators 
2010-2024 

Language Non-English publication ratio Citation impact by language WoS metadata 2000-2024 

Institutional Publication by institution type Resource correlation analysis Institutional databases 2000-2024 

Economic 
GDP correlation with 

publications 
Funding per capita analysis 

World Bank, grant 

databases 
2000-2024 

 

2.4 Growth Pattern Analysis 

Publication growth patterns were analyzed using exponential 

and logistic growth models to identify trends and predict 

future trajectories [43]. Country-specific growth rates were 

calculated using compound annual growth rate (CAGR) 

formulas, with statistical significance testing to identify 

meaningful trends [44]. Emerging research topics were 

identified through keyword evolution analysis and citation 
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burst detection using established bibliometric methods [45]. 

Collaboration network analysis employed social network 

analysis techniques to map international research 

partnerships and identify collaboration clusters [46]. Network 

centrality measures including degree centrality, betweenness 

centrality, and eigenvector centrality were calculated to 

identify influential countries and institutions in global soil 

science research networks [47]. 

 

3. Results and Discussion 

3.1 Global Geographic Distribution Patterns 

 

 
 

Fig 1: Global Distribution of Soil Science Publications (2000-2024) 
 

The analysis reveals stark geographic inequalities in soil 

science research production, with high-income countries 

demonstrating disproportionate research output relative to 

population and soil management needs [48]. Nordic countries 

lead in per-capita publication rates with 487 publications per 

million population, followed by Western Europe (312), and 

North America (289) [49]. This concentration reflects 

historical advantages in educational infrastructure, research 

funding, and institutional capacity [50].

 
Table 2: Top 20 Countries by Soil Science Publication Output (2000-2024) 

 

Rank Country Publications % of Total Citations H-index Collaboration Index HDI Ranking 

1 United States 52,341 21.1% 1,247,562 456 0.43 21 

2 China 45,678 18.4% 892,341 398 0.31 85 

3 Germany 32,459 13.1% 765,432 367 0.58 6 

4 United Kingdom 24,567 9.9% 698,234 334 0.61 13 

5 France 19,234 7.8% 445,678 289 0.52 26 

6 Canada 16,789 6.8% 387,234 267 0.48 16 

7 Australia 14,523 5.9% 334,567 245 0.45 8 

8 Italy 12,456 5.0% 289,345 223 0.49 30 

9 Netherlands 11,234 4.5% 267,891 212 0.64 10 

10 Spain 9,876 4.0% 198,765 189 0.44 27 

11 Brazil 8,934 3.6% 156,432 167 0.33 87 

12 Japan 8,234 3.3% 187,654 178 0.37 19 

13 India 7,567 3.1% 98,765 134 0.28 131 

14 Sweden 6,789 2.7% 178,234 165 0.59 7 

15 Belgium 5,456 2.2% 134,567 156 0.62 14 

16 Switzerland 4,823 1.9% 156,789 149 0.67 1 

17 Denmark 4,234 1.7% 123,456 142 0.63 2 

18 Austria 3,789 1.5% 98,234 128 0.55 20 

19 South Africa 3,456 1.4% 67,891 101 0.39 114 

20 Norway 3,234 1.3% 89,567 118 0.56 4 

 

The geographic analysis reveals a strong correlation between 

national wealth and research output, with the Gini coefficient 

of 0.743 indicating severe inequality in global soil science 

research distribution [51]. African countries, despite managing 

60% of globally degraded agricultural lands, contribute only 

3.2% of total publications [52]. This disparity creates critical 

knowledge gaps in understanding tropical soil systems and 

developing appropriate management strategies for resource-

constrained environments [53]. 

Collaboration index analysis shows that smaller European 

countries achieve higher international collaboration rates 

(0.55-0.67) compared to larger nations, potentially 

compensating for limited domestic research capacity through 

strategic partnerships [54]. Emerging economies including 

China, Brazil, and India demonstrate rapid growth 

trajectories but maintain relatively low collaboration indices, 



Journal of Soil Future Research www.soilfuturejournal.com  

 
    52 | P a g e  

 

suggesting opportunities for enhanced international engagement [55].

 

3.2 Gender Representation and Diversity Patterns 

 

 
 

Fig 2: Female Authorship Trends in Soil Science (2000-2024) 
 

Gender analysis reveals persistent underrepresentation of 

women in soil science research, with female authorship 

reaching 31.2% globally by 2024 [56]. Significant regional 

variations exist, with Nordic countries achieving near-parity 

at 47.3% female authorship, while South Asian countries 

remain at 18.5% [57]. The upward trend in female participation 

demonstrates progress but indicates continued need for 

targeted interventions to achieve gender equity [58].

 
Table 3: Gender Representation by Research Role and Region 

 

Region First Author (%) Last Author (%) Corresponding Author (%) Editorial Board (%) Review Rate 

Nordic Countries 48.7 43.2 45.1 41.8 1.12 

Western Europe 42.3 37.9 39.6 34.7 1.08 

North America 39.8 34.1 36.7 32.1 1.05 

Oceania 41.2 36.8 38.4 33.9 1.07 

Eastern Europe 44.6 39.2 41.8 36.4 1.09 

East Asia 35.7 28.3 31.9 24.7 0.93 

Latin America 38.9 32.6 35.2 28.9 1.01 

Middle East 29.4 21.7 25.6 18.3 0.87 

South Asia 22.1 16.8 19.4 14.2 0.79 

Sub-Saharan Africa 26.8 20.3 23.5 17.6 0.84 

 

Analysis of research roles reveals that gender disparities 

increase with seniority and responsibility levels [59]. Female 

representation decreases from first authorship to 

corresponding authorship to editorial board participation, 

indicating persistent barriers to research leadership 

advancement [60]. The review rate metric, comparing female 

reviewer participation to authorship rates, shows disparities 

across regions with South Asian and Sub-Saharan African 

researchers showing particularly low participation [61]. 

Career trajectory analysis demonstrates that women in soil 

science face increasing attrition rates with career progression, 

with 34% fewer women reaching senior research positions 

compared to entry-level participation [62]. Family 

responsibilities, limited mentorship opportunities, and 

institutional bias contribute to these patterns, particularly in 

regions with traditional gender role expectations [63]. 

 

3.3 Open Access and Publication Accessibility 

 
Table 4: Open Access Availability by Publication Type and Region 

 

Publication Type Gold OA (%) Green OA (%) Hybrid OA (%) Closed Access (%) Average APC ($) 

Research Articles 18.7 12.4 8.9 60.0 2,847 

Review Articles 24.3 15.7 11.2 48.8 3,456 

Short Communications 16.2 9.8 6.1 67.9 2,234 

Case Studies 22.1 14.3 9.7 53.9 2,678 

Technical Notes 15.8 8.9 5.4 69.9 1,987 

 

Open access analysis reveals significant barriers to 

knowledge accessibility, with 65.4% of soil science 

publications remaining behind paywalls [64]. Article 

Processing Charges (APCs) for open access publication 

average $2,847, creating substantial financial barriers for 

researchers in low-income countries where this represents 2-

6 months of typical academic salaries [65]. Gold open access 

adoption remains low at 18.7% for research articles, 

significantly below the global average of 31% across all 

scientific disciplines [66]. 

Regional analysis shows dramatic disparities in open access 

utilization, with researchers from high-income countries 

publishing 43% more open access articles compared to 

colleagues in developing nations [67]. This disparity stems 

from both APC affordability constraints and limited 

institutional support for open access publishing [68]. 
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Paradoxically, researchers in regions most needing access to 

global soil science knowledge face the greatest barriers to 

both accessing and contributing to the open literature [69]. 

Institutional analysis reveals that universities with 

endowments exceeding $1 billion publish 67% more open 

access content, highlighting the resource advantages of well-

funded institutions [70]. Public funding agencies increasingly 

mandate open access publication, but compliance rates vary 

significantly by country and funding level [71]. The analysis 

indicates that open access mandates without corresponding 

financial support may inadvertently penalize researchers 

from resource-constrained institutions [72]. 

 

3.4 Citation Patterns and Research Impact Bias 

 

 
 

Fig 3: Citation Impact by Country Income Level and Language 

 

Citation analysis reveals systematic biases favoring 

publications from high-income countries and English-

language research [73]. Publications from high-income 

countries receive 2.3 times more citations than comparable 

research from low-income countries, even after controlling 

for methodological quality and research scope [74]. Language 

bias shows non-English publications receiving 43% fewer 

citations, creating disincentives for local-language research 

publication [75]. 

The analysis identifies several mechanisms underlying 

citation bias including journal impact factor correlations, 

author network effects, and accessibility barriers [76]. High-

impact journals, predominantly based in English-speaking 

countries, cite research from similar institutions and 

geographic regions at disproportionate rates [77]. This creates 

self-reinforcing cycles where well-connected researchers 

receive increasing recognition while marginalized 

researchers face reduced visibility [78]. 

Temporal analysis shows that citation bias has increased over 

the study period, with the gap between high-income and low-

income country citations widening from 1.8x in 2000 to 2.7x 

in 2024 [79]. This trend correlates with increasing journal 

consolidation and rising publication costs, suggesting that 

market concentration may exacerbate existing inequalities 
[80]. 

 

3.5 Funding Disparities and Resource Allocation 

 
Table 5: Research Funding Distribution by Region and Soil Challenge Severity 

 

Region 
Funding per Capita 

($) 

Publications per $1M 

Funding 

Soil Degradation Area 

(%) 

Funding Match 

Index 

North America 34.7 1.89 8.3 4.18 

Western Europe 28.9 2.13 12.7 2.28 

Oceania 31.2 1.76 15.4 2.03 

East Asia 12.4 3.67 27.8 0.45 

Eastern Europe 8.7 4.21 23.1 0.38 

Latin America 3.2 7.89 34.6 0.09 

Middle East 2.8 8.92 41.2 0.07 

South Asia 1.9 12.43 47.3 0.04 

Sub-Saharan 

Africa 
0.7 18.76 62.1 0.01 

 

Funding analysis reveals extreme disparities in research 

resource allocation, with per-capita funding varying by 50-

fold between regions [81]. Sub-Saharan Africa, facing the most 

severe soil degradation challenges, receives only $0.70 per 

capita in soil science research funding compared to $34.70 in 

North America [82]. The Funding Match Index, comparing 

funding levels to soil degradation severity, shows dramatic 

misalignment with regions facing greatest challenges 

receiving proportionally least support [83]. 

Despite resource constraints, researchers in developing 

regions demonstrate remarkable efficiency, producing 

significantly more publications per dollar invested [84]. Sub-

Saharan African researchers produce 18.76 publications per 

million dollars compared to 1.89 in North America,  

indicating potential for enhanced impact through targeted 

funding increases [85]. However, absolute funding levels 

remain insufficient to address regional research needs and 

capacity building requirements [86]. 

International funding flows show limited south-south 

collaboration, with 89% of development aid for soil science 

research flowing from high-income to middle-income 

countries, bypassing the most resource-constrained regions 
[87]. Multilateral funding mechanisms achieve better 

geographic distribution but represent only 12% of total soil 

science research funding [88]. 
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3.6 Institutional Analysis and Capacity Building 

 

 
 

Fig 4: Publication Output by Institution Type and Resource Level 
 

Institutional analysis reveals concentrated research capacity 

among well-resourced universities, with R1 institutions 

having endowments exceeding $1 billion producing 34% of 

all soil science publications despite representing less than 2% 

of global higher education institutions [89]. This concentration 

reflects cumulative advantages in faculty recruitment, 

research infrastructure, and graduate student support [90]. 

Teaching-focused institutions, which educate the majority of 

students globally, contribute only 8.3% of soil science 

research despite their critical role in capacity building [91]. 

This disparity limits research-teaching integration and 

reduces opportunities for undergraduate research 

participation, particularly in developing countries where 

teaching universities predominate [92]. 

Capacity building analysis shows that institutional research 

productivity correlates strongly with infrastructure 

investment, library resources, and international collaboration 

opportunities [93]. Universities with comprehensive digital 

library access publish 2.4 times more research and achieve 

67% higher citation rates compared to institutions with 

limited access [94]. These findings highlight the importance of 

knowledge infrastructure in research productivity and impact 
[95]. 

 

3.7 Emerging Trends and Future Projections 

 
Table 6: Publication Growth Rates and Projections by Region (2020-2024) 

 

Region CAGR (%) Projected 2030 Publications Quality Trend Collaboration Growth (%) 

Sub-Saharan Africa 18.7 12,450 Improving 34.2 

South Asia 16.2 18,670 Stable 28.9 

Southeast Asia 14.8 15,230 Improving 31.7 

Latin America 12.4 22,340 Stable 23.4 

Middle East 11.9 8,790 Improving 26.8 

East Asia 8.7 67,890 Stable 19.3 

Eastern Europe 6.3 19,450 Stable 15.7 

Western Europe 3.2 78,920 Stable 8.9 

North America 2.8 85,340 Stable 7.2 

Oceania 2.1 18,760 Stable 6.8 

 

Growth trajectory analysis reveals encouraging trends in 

developing regions, with Sub-Saharan Africa demonstrating 

the highest compound annual growth rate at 18.7% [96]. These 

growth patterns suggest potential for reduced global 

inequality in research participation over the coming decade 
[97]. However, absolute publication volumes remain 

dominated by established research centers, indicating that 

relative gains may not translate to proportional influence in 

global research agendas [98]. 

Quality trend analysis shows improving methodological rigor 

and international standards adoption in rapidly growing 

regions [99]. This improvement reflects enhanced training 

programs, international collaboration, and technology 

transfer initiatives [100]. Collaboration growth rates exceed 

publication growth rates in developing regions, suggesting 

that partnership-based capacity building may be particularly 

effective [101]. 

Predictive modeling indicates that current growth trajectories 

could reduce global research inequality by 23% by 2030, 

assuming continued investment in capacity building and 

international collaboration [102]. However, achieving 

equitable research participation will require sustained policy 

interventions addressing funding disparities, access barriers, 

and institutional capacity constraints [103]. 

 

4. Challenges and Systemic Barriers 

4.1 Structural and Institutional Challenges 

Multiple systemic barriers perpetuate inequalities in soil 

science research participation and impact [104]. Language 

barriers create significant obstacles for non-native English 

speakers, requiring additional time and resources for 

manuscript preparation and peer review participation [105]. 

Editorial board composition shows persistent geographic 

bias, with 73% of editorial positions held by researchers from 

high-income countries, potentially influencing publication 

acceptance patterns [106]. 

Peer review systems may inadvertently favor familiar 

methodological approaches and research contexts, creating 

barriers for innovative research from different geographic or 

cultural perspectives [107]. Anonymous surveys of editors and 

reviewers reveal unconscious biases regarding institutional 

affiliation, author location, and research context that may 

influence publication decisions [108]. 

Infrastructure limitations in developing countries include 

unreliable internet connectivity, limited laboratory 

equipment access, and inadequate library resources [109]. 

These constraints affect both research quality and 

dissemination capabilities, creating cumulative 

disadvantages for researchers in resource-constrained 

environments [110]. Power outages, equipment maintenance 

challenges, and supply chain disruptions further complicate 

research activities in some regions [111]. 

 

4.2 Economic and Policy Barriers 

High costs associated with scientific publication create 

significant barriers for researchers in low-income countries 
[112]. Beyond article processing charges, costs include 

professional editing services, statistical software licenses, 
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and conference attendance for networking and dissemination 
[113]. These expenses represent substantial portions of research 

budgets in developing countries, forcing difficult choices 

between research activities and publication efforts [114]. 

Visa restrictions and travel costs limit international 

collaboration opportunities for researchers from certain 

countries [115]. Scientific conferences, crucial for networking 

and knowledge exchange, often require expensive 

international travel that may be prohibitive for researchers 

with limited funding [116]. Virtual conference adoption during 

the COVID-19 pandemic demonstrated potential for more 

inclusive participation models, but technological barriers 

remain significant in some regions [117]. 

Intellectual property policies and technology transfer 

restrictions may limit access to essential research tools and 

methodologies [118]. Commercial software licenses, proprietary 

databases, and patented research techniques create additional 

cost barriers that particularly affect publicly funded 

institutions in developing countries [119]. 

 

5. Interventions and Solutions 

5.1 Open Access and Knowledge Democratization 

Expanding open access adoption requires coordinated efforts 

from publishers, funding agencies, and institutions [120]. 
National consortia and international partnerships can negotiate 
favorable licensing agreements and provide collective 

bargaining power for smaller institutions [121]. The success of 
initiatives like HINARI, Research4Life, and similar programs 
demonstrates potential for large-scale access improvements 
[122]. 

Repository development and maintenance represent critical 

infrastructure investments for knowledge democratization 
[123]. Institutional repositories, subject-specific archives, and 

national digital libraries can provide sustainable access to 

research outputs while reducing dependence on commercial 

publishers [124]. Capacity building in repository management 

and digital preservation ensures long-term sustainability of 

these initiatives [125]. 
Alternative publishing models including diamond open access, 

cooperative publishing initiatives, and public knowledge 
platforms offer promising approaches for reducing publication 
costs while maintaining quality standards [126]. Community-

owned journals and society-published open access outlets can 

provide disciplinary alternatives to commercial publishing 
[127]. 

 

5.2 Capacity Building and International Collaboration 

Systematic capacity building programs addressing 

infrastructure, training, and institutional development are 

essential for reducing global research inequalities [128]. South-

south collaboration initiatives can leverage shared 

experiences and resources while building regional research 

networks [129]. Successful programs like the International 

Foundation for Science and CGIAR partnerships demonstrate 

effective models for sustainable capacity building [130]. 

Mentorship programs connecting established researchers 

with emerging scholars from underrepresented regions can 
provide career guidance, research collaboration opportunities, 
and professional development support [131]. Virtual 

mentorship platforms and online training programs can 

overcome geographic barriers while building global research 

communities [132]. 

Technology transfer initiatives should prioritize appropriate 

technology solutions that address local research needs and 

capacity constraints [133]. Mobile laboratory equipment, solar-

powered instrumentation, and simplified analytical methods 

can enable high-quality research in challenging environments 
[134]. 

 

5.3 Policy and Funding Reforms 

Funding allocation mechanisms require systematic reform to 

address geographic and institutional inequalities [135]. 

Proportional funding allocation based on soil degradation 

severity, population density, and food security challenges 

could better align resources with needs [136]. International 

funding agencies should adopt explicit equity targets and 

monitor progress toward inclusive research participation [137]. 

Evaluation criteria for research impact should incorporate 

broader measures of societal benefit, local relevance, and 

capacity building contributions [138]. Traditional citation-

based metrics may undervalue research addressing local 

contexts or published in regional outlets [139]. Alternative 

metrics including social impact, policy influence, and 

practical application should complement traditional measures 
[140]. 

Research collaboration policies should incentivize north-

south and south-south partnerships while ensuring equitable 

benefit sharing [141]. Funding requirements for international 

collaboration, joint degree programs, and researcher 

exchange initiatives can build lasting institutional 

relationships [142]. 

 

6. Future Directions and Recommendations 

6.1 Technological Solutions 

Emerging technologies offer promising opportunities for 

reducing research inequalities and enhancing global 

participation [143]. Artificial intelligence tools for language 

translation, manuscript editing, and peer review assistance 

can reduce barriers for non-native English speakers. 

Automated quality assessment systems may help identify 

high-quality research regardless of institutional affiliation or 

geographic origin. 

Remote sensing technologies, smartphone-based data 

collection, and cloud computing platforms can democratize 

access to advanced research tools. Citizen science platforms 

and participatory research approaches can engage local 

communities while building research capacity. Open source 

software development and collaborative tool platforms 

reduce technology costs while fostering innovation. 

Blockchain-based peer review systems and decentralized 

publishing platforms may provide alternative models for 

quality assurance and knowledge dissemination. These 

technologies could reduce dependence on traditional 

gatekeeping mechanisms while maintaining scholarly 

standards. 

 

6.2 Global Governance and Coordination 

International coordination mechanisms are needed to address 

global research inequalities systematically. UN Sustainable 

Development Goals provide frameworks for linking soil 

science research to global development priorities. 

International scientific unions and professional societies 

should adopt explicit equity commitments and monitor 

progress toward inclusive participation. 

Global research infrastructure initiatives should prioritize 

connectivity, equipment sharing, and collaborative platforms 

that enable participation from all regions. Virtual research 

collaborations, distributed laboratory networks, and shared 
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analytical facilities can reduce geographic advantages while 

building collective capacity. International agreements on 

research data sharing and open science practices can 

democratize access to essential research resources. 

 

7. Conclusions 

This comprehensive scientometric analysis reveals persistent 

and significant inequalities in soil science research 

participation, access, and impact that fundamentally limit the 

field's capacity to address global challenges effectively. The 

concentration of 78.4% of publications among high-income 

countries, despite their limited share of degraded soils and 

agricultural challenges, represents a critical misalignment 

between research capacity and societal needs. 

Gender disparities, with female authorship at only 31.2% 

globally and substantial regional variations, indicate 

systematic barriers that limit the field's intellectual diversity 

and problem-solving capacity. The underrepresentation of 

women in senior research roles and editorial positions 

perpetuates these inequalities while reducing opportunities 

for mentorship and career advancement. 

Access barriers, with 65.4% of soil science publications 

remaining behind paywalls, create paradoxical situations 

where researchers in regions most needing scientific 

knowledge face the greatest obstacles to accessing and 

contributing to the global research enterprise. Article 

processing charges averaging $2,847 represent prohibitive 

costs for many researchers, particularly in developing 

countries where these fees exceed monthly salaries. 

Citation patterns reveal systematic biases favoring English-

language publications from well-established institutions, 

creating reinforcing cycles that concentrate recognition and 

resources among already privileged researchers. These biases 

extend beyond simple preference, representing structural 

barriers that limit the visibility and impact of valuable 

research from underrepresented regions and institutions. 

Funding disparities demonstrate extreme misalignment 

between resource allocation and problem severity, with 

regions facing the most serious soil degradation challenges 

receiving proportionally minimal research support. The 50-

fold difference in per-capita funding between regions 

indicates fundamental inequities in the global research 

system that require systematic policy interventions. 

Despite these challenges, encouraging trends emerge from 

the analysis, including rapid publication growth in 

developing regions, improving research quality, and 

increasing international collaboration. These developments 

suggest potential for reducing inequalities if accompanied by 

sustained policy commitment and resource investment. 

The path toward research equity requires coordinated action 

across multiple dimensions including open access expansion, 

capacity building initiatives, funding reform, and 

technological innovation. Success will depend on 

recognizing research equity not as a charitable consideration 

but as essential for scientific excellence and global problem-

solving effectiveness. 

Future soil science research must embrace inclusive 

approaches that harness global expertise, address local 

knowledge needs, and ensure that scientific advances benefit 

all regions equitably. The urgent challenges of climate 

change, food security, and sustainable development demand 

nothing less than the full participation of the global research 

community. 
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