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The COVID-19 pandemic has fundamentally altered global agricultural systems,
creating cascading effects on soil health and food security worldwide. This critical
review examines the multifaceted impacts of pandemic-related disruptions on soil
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1. Introduction

The COVID-19 pandemic, declared by the World Health Organization in March 2020, represents one of the most significant
global disruptions in modern history I, Beyond its immediate health implications, the pandemic has profoundly impacted
agricultural systems worldwide, creating unprecedented challenges for soil health management and food security . The intricate
relationship between soil health and food security, already strained by climate change and population growth, faced additional
pressures from pandemic-induced disruptions I,

Soil health, defined as the capacity of soil to function as a vital living ecosystem supporting plant and animal productivity,
maintaining environmental quality, and promoting human health [, serves as the foundation of global food systems. The
pandemic's impact on agricultural labor availability, supply chain disruptions, and economic constraints has created a complex
web of challenges affecting soil management practices [l Understanding these impacts is crucial for developing effective
strategies to restore and enhance soil health while ensuring food security in the post-pandemic era.

Global food security, characterized by physical and economic access to sufficient, safe, and nutritious food 8], experienced
significant strain during the pandemic. Supply chain disruptions, labor shortages, and economic downturns combined to create
a "perfect storm" affecting food production, distribution, and access ). The interconnected nature of modern agricultural systems
meant that disruptions in one area often cascaded throughout the entire food system [1],
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This review aims to critically examine the post-COVID
impacts on soil health and food security, analyzing the
mechanisms through which pandemic-related disruptions
affected agricultural systems. By synthesizing current
research and empirical evidence, we seek to identify key
challenges, emerging trends, and potential solutions for
building more resilient agricultural systems in the post-
pandemic world.

2. Materials and Methods

2.1 Literature Search Strategy

A comprehensive systematic review was conducted using
multiple databases including PubMed, Web of Science,
Scopus, and AGRIS from January 2020 to December 2024.
Search terms included combinations of "COVID-19,"
"pandemic,” "soil health," "food security,” "agriculture,” and
related keywords. Boolean operators were used to refine
searches and ensure comprehensive coverage of relevant
literature (11,

2.2 Data Collection and Analysis

Primary data sources included peer-reviewed research
articles, government reports, and international organization
publications. Secondary data from FAO, World Bank, and
national agricultural agencies were incorporated to provide
comprehensive geographical coverage 2. Quantitative data
on soil health parameters, agricultural productivity, and food
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security indicators were extracted and analyzed using
statistical software.

2.3 Quality Assessment

All included studies underwent quality assessment using
established criteria for observational studies and reviews.
Studies were evaluated for methodological rigor, sample size
adequacy, and relevance to the research objectives 31, Only
high-quality studies meeting predetermined criteria were
included in the final analysis.

2.4 Geographic Scope

The review encompassed global data with specific focus on
regions most affected by pandemic-related agricultural
disruptions, including Sub-Saharan Africa, South Asia, Latin
America, and parts of Europe and North America [*4],

3. Results

3.1 Soil Health Impacts

3.1.1 Physical Soil Properties

The pandemic significantly affected soil physical properties
across multiple regions. Labor shortages led to delayed or
inadequate field operations, resulting in increased soil
compaction in 34% of surveyed agricultural areas [°1.
Reduced tillage activities, while potentially beneficial for soil
structure in some contexts, led to unintended consequences
in systems dependent on mechanical soil management (61,

Table 1: Changes in Soil Physical Properties during COVID-19 (2020-2022)

Parameter Pre-COVID (2019) | During COVID (2020-2021) | Post-COVID (2022-2023) | Change (%)
Bulk Density (g/cm?) 1.32+0.15 1.41+0.18 1.38+0.16 +4.5
Porosity (%) 45.245.3 41.8+6.1 43.145.7 -4.6
Aggregate Stability 68.318.2 62.149.4 64.7+8.8 -5.3
Water Infiltration (mm/hr) 22.4+4.1 18.7+3.8 20.2+3.9 -9.8

3.1.2 Chemical Soil Properties

Chemical soil properties experienced notable changes during
the pandemic period. Fertilizer application rates decreased by
an average of 15-25% across major agricultural regions due

to supply chain disruptions and economic constraints 7],
This reduction in nutrient inputs led to declining soil fertility
levels, particularly affecting nitrogen and phosphorus
availability 28],
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Fig 1: Global Fertilizer Usage Trends (2018-2023)
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3.1.3 Biological Soil Properties

Soil biological properties showed mixed responses to
pandemic-related changes. While reduced chemical inputs in
some areas led to modest improvements in microbial
diversity, overall soil biological activity decreased due to
disrupted farming practices [*°l. Soil organic matter content,
a critical indicator of soil health, declined significantly in
regions experiencing prolonged agricultural disruptions 2%,
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3.2 Food Security Impacts

3.2.1 Production Systems

Agricultural production systems worldwide experienced
varying degrees of disruption. Smallholder farming systems,
comprising 80% of global farms, were disproportionately
affected due to limited resources and resilience capacity 2,
Large-scale commercial operations showed greater
adaptability but still faced significant challenges.

Table 2: Food Production Changes by Region (2020-2022)

Region Cereal Production Change (%) | Vegetable Production Change (%) | Livestock Production Change (%)
Sub-Saharan Africa -12.3 -18.7 -8.9
South Asia -8.1 -15.2 -6.4
Latin America -6.7 -11.3 -4.8
Europe -3.2 -7.8 -2.1
North America -2.1 -5.4 -1.8

3.2.2 Access and Distribution

Food access and distribution systems experienced severe
disruptions during pandemic lockdowns and restrictions.
Urban populations faced particular challenges due to
disrupted supply chains and reduced market access %2, Rural
communities, while often closer to food production,
experienced difficulties accessing diverse nutritious foods
due to transportation limitations 2%,

4. Discussion

4.1 Interconnected Impacts on Soil-Food Systems

The pandemic revealed the intricate connections between soil
health and food security, demonstrating how disruptions in
one component can cascade throughout the entire system.
Reduced soil health management during the pandemic
directly translated to decreased agricultural productivity,
which in turn affected food availability and access [?4. This
interconnectedness highlights the need for integrated
approaches to soil and food system management.

The delayed effects of soil degradation became apparent in
the post-pandemic period, with many regions experiencing
continued productivity declines even after agricultural
activities resumed 3. This phenomenon underscores the
importance of soil health as a foundational element of food
security and the long-term consequences of neglecting soil
management practices.

4.2 Vulnerable Populations and Regions

The pandemic's impact on soil health and food security was
not uniformly distributed. Smallholder farmers, indigenous
communities, and regions with limited infrastructure
experienced disproportionately severe effects 261, These
vulnerable populations often lacked the resources and
knowledge to implement adaptive management strategies,
leading to more severe and lasting impacts on both soil health
and food security.

Geographic analysis revealed that regions with pre-existing

soil  degradation problems experienced accelerated
deterioration during the pandemic 1. Areas with better
initial soil health showed greater resilience and faster
recovery, emphasizing the importance of maintaining soil
health as a buffer against future disruptions.

4.3 Adaptation and Recovery Strategies

Several adaptation strategies emerged during the pandemic
that showed promise for maintaining soil health and food
security. Digital agriculture technologies, including precision
farming and remote sensing, enabled some farmers to
maintain soil monitoring and management despite labor
constraints 1281, Community-supported agriculture and local
food systems demonstrated resilience and provided models
for future development 29,

Recovery strategies implemented in the post-pandemic
period emphasized sustainable intensification, combining
increased productivity with environmental stewardship 1.
These approaches recognized the need to rebuild soil health
while meeting growing food demands, leading to increased
adoption of conservation agriculture practices and integrated
nutrient management systems.

4.4 Policy Implications

The pandemic highlighted significant gaps in agricultural
policies, particularly regarding soil health protection and
food security assurance during crisis periods. Many countries
lacked adequate support systems for maintaining essential
agricultural activities during emergencies, leading to policy
reforms  emphasizing  agricultural  resilience  and
sustainability.

International cooperation in agricultural research and
development gained renewed importance as countries
recognized the global nature of soil health and food security
challenges. Collaborative initiatives focusing on knowledge
sharing and technology transfer became essential
components of recovery strategies.
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Fig 2: Soil Health Recovery Trajectories by Region (2020-2024)

Table 3: Food Security Indicators Pre- and Post-COVID

Indicator Pre-COVID (2019) Peak Impact (2021) | Current (2024) | Recovery Rate
Undernourished Population (millions) 690 828 745 60%
Food Price Index 95.1 131.2 118.7 35%
Agricultural GDP Growth (%) 3.2 -2.1 2.8 92%
Rural Poverty Rate (%) 17.2 234 19.8 58%

5. Conclusion

The COVID-19 pandemic has created lasting impacts on
global soil health and food security, revealing critical
vulnerabilities in our agricultural systems. The deterioration
of soil physical, chemical, and biological properties during
the pandemic period has established conditions that continue
to affect agricultural productivity in the post-pandemic era.
Simultaneously, the pandemic's disruption of food systems
has highlighted the urgent need for more resilient and
sustainable approaches to food production and distribution.
Key findings indicate that soil health degradation occurred
more rapidly in regions with pre-existing vulnerabilities,
while recovery has been slower than initially anticipated. The
disproportionate impact on smallholder farming systems
underscores the need for targeted support mechanisms and
capacity building programs. The interconnected nature of soil
health and food security challenges requires integrated policy
responses that address both immediate needs and long-term
sustainability goals.

Moving forward, building resilient agricultural systems
requires sustained investment in soil health restoration,
diversified farming systems, and robust food distribution
networks. The lessons learned from the pandemic provide
valuable insights for developing more adaptive and
sustainable agricultural systems capable of withstanding
future disruptions while maintaining food security for
growing global populations.

The path to recovery and resilience demands coordinated
efforts from governments, researchers, farmers, and civil
society organizations. Only through such collaborative
approaches can we address the complex challenges of soil
health and food security in the post-pandemic world, ensuring
sustainable and equitable food systems for future generations.
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