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Introduction: The transformation of global agribusiness through sustainable
practices has become a pressing priority to address environmental, economic,
and social challenges.

Methods: This systematic review analyzed peer-reviewed literature from leading
databases, applying predefined inclusion and exclusion criteria to evaluate the
adoption and impact of sustainable practices in agribusiness.

Results: Key findings indicate that techniques such as precision agriculture,
regenerative farming, renewable energy integration, and circular economy
models significantly reduce resource consumption, enhance productivity, and
promote socio-economic equity. Barriers include financial constraints, policy
gaps, and limited technological access.

Discussion and conclusion: The review provides actionable recommendations for
stakeholders, emphasizing the importance of innovative solutions, supportive policy
frameworks, and collaborative efforts to advance sustainable agribusiness globally.
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1 Introduction
1.1 Background

Sustainability in agribusiness has emerged as a cornerstone of global efforts to combat
climate change, ensure food security through climate smart agriculture and promote economic
resilience (Paustian et al., 2016) Agribusiness plays a pivotal role in feeding the growing global
population, projected to reach nearly 10 billion by 2050 (World Bank, 2021). However, the
sector is responsible for approximately 25% of global greenhouse gas emissions and exerts
significant pressure on natural resources, including soil, water, and biodiversity (Smith, 2020).
Sustainable practices, therefore, are not just desirable but essential to maintain ecological
balance while meeting increasing food demand.

1.2 Problem statement

Despite its critical importance, achieving sustainability in agribusiness faces numerous
challenges. Key issues include financial constraints, lack of access to advanced technologies,
inadequate policy frameworks, and resistance to change from traditional farming methods
(Smith and Taylor, 2020). Furthermore, the impacts of climate change, such as unpredictable
weather patterns and water scarcity, exacerbate these challenges, making it imperative to
develop adaptable and scalable solutions for sustainable agribusiness (Brown and Taylor, 2020).
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1.3 Objectives

The primary objectives of this review are:

1 To analyze sustainable practices currently adopted in
agribusiness, such as precision agriculture, regenerative
farming, and renewable energy integration.

2 To assess the environmental, economic, and social impacts of
these practices on global agriculture and the broader economy.

1.4 Scope of review

This systematic review focuses on key themes, including
technological innovations, policy frameworks, and socioeconomic
impacts of sustainable agribusiness. Geographically, it covers both
developed and developing regions, providing a comparative
perspective on adoption levels, challenges, and success stories.

1.5 Structure of the paper

The paper is organized into several sections. The methodology
outlines the systematic review process, including literature search
strategies and inclusion criteria. The discussion on sustainable
practices examines specific techniques and their applications in
agribusiness. The global impacts of these practices are evaluated
in terms of environmental, economic, and social dimensions.
Challenges in implementing sustainable practices are addressed,
followed by policy recommendations and future research
directions. The paper concludes by summarizing key findings
and transformative

emphasizing  the potential  of

sustainable agribusiness.

2 Literature review
2.1 Theoretical contributions

Theoretical literature provides conceptual frameworks and
guiding principles for understanding sustainable agriculture, its
drivers, and its systemic integration into broader socio-economic and
environmental contexts.

Anderson and Patel (2020) emphasize the role of regulatory
frameworks in shaping farmers’ decisions, noting that clarity,
consistency, and enforceability are essential for promoting
environmentally responsible practices. Similarly, Pretty et al. (2008)
present a comprehensive framework integrating productivity,
environmental integrity, economic viability, and social equity, while
Rockstrom et al. (2009) define planetary boundaries that

agriculture must operate within to avoid irreversible
ecological change.

Lal (2020) and Schreefel et al. (2020) advances the concept of
regenerative agriculture as a theoretical model linking soil health
restoration to both climate mitigation and adaptation. Foley et al.
(2011) and Tilman et al. (2011) outline systems-level strategies such
as closing yield gaps, shifting diets, and reducing waste, situating

farm-level practices within global food system sustainability. Altieri
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and Nicholls (2017) highlight the conceptual benefits of
agroecology and traditional knowledge in climate resilience. Bos
et al. (2014a, 2014b) propose a circular nutrient management
model emphasizing closed-loop systems for nitrogen
and phosphorus.

These theoretical works collectively offer strong conceptual
foundations but vary in their integration of socio-economic feasibility,

equity, and context-specific adaptability.

2.2 Empirical contributions

Empirical literature focuses on evidence from field studies,
experiments, surveys, and case analyses assessing the real-world
performance of sustainable agricultural practices.

Miller et al. (2022) provide long-term experimental evidence that
crop diversification, organic inputs, and reduced agrochemical use
enhance soil health, biodiversity, and water retention. Smith and
Taylor (2020) and Brown and Taylor (2021) present empirical findings
on financial and technical barriers to adopting precision and
sustainable farming practices, supported by case-specific surveys. Lee
and Green (2020, 2021) evaluate precision farming and high-tech
greenhouse systems in the Netherlands, demonstrating resource
efficiency and yield benefits.

Wilson and Harris (2022) and Smith and Wilson (2021) document
technology adoption patterns (AI, blockchain) and their uneven
distribution across farm sizes. Martinez and Patel (2020) test waste-
to-energy solutions, while Brown and Taylor (2020) assess drone
applications in precision agriculture. Gerber et al. (2013) provide
global GHG estimates from livestock and identify mitigation levers,
and Doran-Browne et al. (2018) investigate pathways to carbon-
neutral livestock production.

Montanarella et al. (2016) and Oghaz et al. (2019) contribute
large-scale monitoring data on soil degradation, while Keesstra et al.
(2018) empirically link soil functions to multiple SDGs. Shulkla et al.
(2019) (IPCC) synthesize empirical climate-land-food interactions,
and Vermeulen et al. (2012) trace climate risk pathways across
supply chains.

2.3 Comparative contributions

Comparative literature analyzes differences and similarities in
approaches, outcomes, or contexts across regions, farming systems, or
policy environments.

Garcia and Martinez (2021, 2022) compare public—private
partnerships and policy alignment with global sustainability
frameworks, revealing varying levels of coherence and effectiveness.
Anderson and Taylor (2021) examine government incentive programs
across multiple contexts, noting that design quality shapes adoption
outcomes. Sanchez (2010) contrasts yield improvement strategies in
tropical Africa with other regions, while Giller et al. (2021) highlight
heterogeneity among smallholders, complicating universal
policy prescriptions.

Wollenberg et al. (2016) compare mitigation strategies to meet
climate targets, Malhi et al. (2014) analyze tropical forest functions in
relation to agricultural expansion, and Fischer et al. (2017) compare

sustainability framings that integrate ecological, cultural, and
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socio-economic dimensions. Swinton et al. (2007) offer comparative
economic approaches to valuing ecosystem services.

These comparative studies underscore that policy transferability
and technology adoption often depend on context-specific socio-
economic and biophysical factors.

2.4 Research gaps

A synthesis of the reviewed literature reveals several
persistent gaps:

Integration gap—Limited studies combine theoretical frameworks
with longitudinal empirical evidence, reducing the ability to test
conceptual models in real-world contexts.

Contextual adaptation gap—Comparative analyses often lack
cross-region,  cross-income-level, and  cross-farming-system
evaluations that could guide tailored interventions.

Methodological gap—There is insufficient quantitative modeling
linking environmental improvements (e.g., soil carbon, biodiversity)
directly to long-term profitability.

Equity gap—Few studies disaggregate outcomes by farm size,
gender, and socio-economic group, limiting insights into
distributional effects.

Technology adaptation gap—Empirical work on Al, blockchain,
drones, and renewable energy rarely addresses adaptation to resource-
limited smallholder contexts.

Policy-practice link gap—Weak integration between global
sustainability frameworks and measurable farm-level outcomes.

Systems integration gap—Insufficient research on synergistic
interventions that address productivity, climate mitigation, nutrient

management, and socio-economic resilience simultaneously.

3 Methodology

This systematic review follows a structured approach to identify
and analyze relevant literature on sustainable practices in agribusiness.
To ensure both breadth and depth of coverage, databases were selected
based on their reputation for indexing peer-reviewed, high-impact
studies, their disciplinary relevance, and their use in prior systematic
reviews on sustainability and agriculture. The following databases
were used:

o Scopus (chosen for its extensive coverage of agricultural
technology, sustainability, and business-related research, widely
recognized for bibliometric analyses).

o PubMed (included because sustainable agribusiness has strong
links with environment-health interactions, food systems,
and nutrition).

o Web of Science (selected for its multidisciplinary coverage and
citation indexing, ensuring inclusion of highly cited and
influential sustainability studies).

Google Scholar (used to capture supplemental references, gray
literature, and recent publications not yet indexed in traditional
databases, thereby minimizing publication bias).

This
interdisciplinary perspectives.

combination balances subject-specific depth with
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3.1 Keywords and search strings

Keywords and search terms were carefully selected to capture
diverse aspects of the topic, reflecting environmental, technological,
and economic perspectives. The selection was informed by prior
reviews in sustainable agriculture and refined iteratively during
pilot searches to maximize relevance and minimize noise.

» <«

Keywords: “Sustainable agribusiness;

precision agriculture,”
« . . » o« . .

renewable energy in agriculture] “regenerative farming
practices,” “circular economy in agribusiness,” “global agriculture

» «

sustainability,” “climate-smart agriculture”

Search Strings: Boolean operators and truncation were applied to
improve precision. Example:
(“Sustainable agribusiness” OR “sustainability in agriculture”)

AND (“renewable energy” OR “precision farming”) AND
(“impact” OR “outcomes”) NOT (“non-agricultural sectors”).
Exclusion Criteria:

1 Articles not written in English (to ensure accuracy and
consistency in data extraction, as reliable translation of
technical agribusiness terminology is resource-intensive and
could compromise methodological rigor. Since the majority of
peer-reviewed literature in Scopus, Web of Science, and
PubMed is published in English, this restriction still provides
broad international coverage. We acknowledge, however, that
this may limit the inclusion of region-specific practices and
recommend that future reviews address this gap through
multilingual collaboration).

2 Studies outside the scope of agribusiness or lacking a focus
on sustainability.

3 Publications without empirical data or comprehensive analysis.

3.2 Data extraction and analysis

Relevant studies were systematically categorized based on:

« Nature of contribution (theoretical, empirical, or comparative
cross-country).

o Type of sustainable practice (e.g., precision agriculture, renewable
energy, regenerative farming).

 Geographic focus (developed vs. developing regions).

« Impacts on environmental, economic, and social dimensions.

A dual analysis framework was employed:

 Thematic Analysis: Qualitative synthesis identifying common
challenges, patterns, and gaps across studies.

o Descriptive Analysis: Quantitative aggregation using simple
statistics (e.g., frequency of themes, distribution by region).

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1566708
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Doda et al. 10.3389/fsufs.2025.1566708

Theme/Category No.of | Short interpretation 3.4 PRISMA diagram
studies
(n =80) To ensure transparency and replicability, the Preferred Reporting
Drones, remote sensing, AI/ML, Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
Precision agriculture, Digital . . .
16 IoT and precision farming were followed. The flowchart illustrates the process of article selection:
and Sensing (Tech)
studies.
‘ ' Soil carbon, regenerative 1 Identification: Number of records retrieved from databases.
Regenefatlve agriculture, 53 practices, agroecology, 2 Screening: Removal of duplicates and irrelevant articles.
Soil and Agroecology agroforestry. 3 Eligibility: Full-text assessment of remaining studies.

4 Inclusion: Final set of studies included in the review.

Renewable energy,
Solar irrigation, bioenergy,

Bioenergy and Circular 9
& waste-to-energy, nutrient loops. Hypothetical data table:
economy
Water management and Irrigation eﬂiciency, water
5 .
Agrivoltaics governance, agrivoltaics. Descri ptlon Nu m'ber
of articles
LCA, diet and food-system
Food systems, LCA and Articles retrieved from databases (Scopus
. . 7 environmental impacts, system- Identification ? 500
Environmental footprints Jevel analyses PubMed, Web of Science, Google Scholar).
Traceability, blockchain, Screening Articles after removing duplicates. 420
Supply chains, Traceability, . .
6 voluntary sustainability o Articles assessed for relevance based on titles
Blockchain, Standards Eligibility 180
standards. and abstracts.
Policy, Finance, PES, Carbon . Policy tools, PES, green finance, Full-text Articles reviewed in full for relevance and 120
markets carbon market analyses. Review quality.
Biodiversity, Pollinators and s Pollinators, landscape ecology, Inclusion Articles included in the final review. 80
Ecosystem services biodiversity-agriculture links.
Social impacts, Adoption, p Adoption studies, extension, Explanation
Smallholders and Equity gender, smallholder impacts.
Methodology / Reviews / 1 Identification:
Methodological and review
Cross-cutting (systematic ; dauth
thoritati t: . . s
reviews, ML surveys, major papers and atfhoriafive reports « A total of 500 articles were retrieved using search terms such
(IPCC, HLPE, etc.) « . . . » « . . »
reports) as “sustainable agribusiness,” “precision agriculture,” and
“renewable energy in agriculture”
« This stage focuses on maximizing the pool of literature for
3.3 Inclusion and exclusion criteria the review.
o Inclusion criteria: 2 Screening:
1 Peer-reviewed journal articles and conference papers. o After eliminating duplicates, 420 articles remained.
2 Publications from 2010 to 2025, reflecting the most recent o Duplicate removal ensures no article is analyzed more
technological, policy, and market developments. than once.

3 Studies addressing environmental, economic, and social
impacts of sustainable agribusiness practices. 3 Eligibility:
4 Papers discussing both theoretical underpinnings and practical
implementations including case studies. « The titles and abstracts of 420 articles were screened for
relevance to the objectives of the review.
Justification for Time Period: The period from 2010 to 2025 was « This process narrowed the selection to 180 articles.
selected to capture developments aligned with the launch of the UN
Sustainable Development Goals (United Nations, 2015) and significant 4 Full-text Review:
global sustainability initiatives, while also including the most recent
empirical evidence. « Full texts of 180 articles were reviewed for their methodological
rigor, scope alignment, and quality of evidence.
o Exclusion Criteria: o Only studies addressing sustainable practices in agribusiness with
a clear analysis of impacts were considered, leaving 120 articles.
o Articles not written in English.

o Studies outside the scope of agribusiness or lacking a focus 5 Inclusion:
on sustainability.

o Publications without empirical data or o 80 high-quality, relevant studies were included in the
comprehensive analysis. systematic review.
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o These studies formed the core dataset for thematic and
statistical analysis ( ).

4.1 Sustainable farming techniques

Sustainable farming techniques are pivotal in transforming global
agribusiness toward environmental and economic resilience (

). Organic farming emphasizes the use of natural
inputs such as compost and biological pest control to enhance soil
fertility and reduce environmental pollution (

). Permaculture, a design-based system, integrates natural
ecosystems into agricultural practices, promoting biodiversity
( ) and resource efficiency ( ).
Similarly, regenerative agriculture focuses on restoring soil health,
sequestering carbon, and improving water retention, which directly
contributes to mitigating climate change ( ).

4.2 Technological interventions

Technological advancements have significantly improved the
efficiency and sustainability of agribusiness operations. Precision

agriculture ( ), utilizing GPS, drones, and remote

10.3389/fsufs.2025.1566708

sensing, enables farmers to optimize resource use by targeting specific
areas of need, thereby reducing waste and increasing yield (

). The integration of artificial intelligence (AI) and the
Internet of Things (IoT) further enhances resource optimization
through predictive analytics and real-time monitoring of soil and crop
conditions, ensuring precise decision-making and reducing input
costs ( ).

4.3 Water and soil management

Effective water and soil management practices are critical
components of sustainable agribusiness ( )
Techniques such as drip irrigation and rainwater harvesting
significantly reduce water wastage while maintaining adequate
moisture levels for crops ( ). Soil health improvement
initiatives, including cover cropping and crop rotation, help prevent
erosion, enhance organic matter, and support carbon sequestration,
ultimately contributing to sustainable land use (

)

4.4 Renewable energy integration

Renewable energy integration offers a sustainable solution to the
growing energy demands of agribusiness. Solar-powered irrigation

>

(n=

PRISMA Flow Diagram

N

Records Identified

500)

(n=

Records Screened

420)

FIGURE 1

PRISMA flow diagram

Full-Text Articles Assessed for Eligibility
(n = 180)

Studies Included in Review
(n = 80)
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systems reduce reliance on fossil fuels while ensuring reliable water
supply for crops, especially in remote areas (Lee and Green, 2021).
Additionally, bioenergy production from agricultural waste not only
provides a renewable energy source but also addresses the issue of
waste management (International Energy Agency, 2022), fostering a
circular economy in agriculture (Garnett, 2013).

4.5 Circular economy in agriculture

The circular economy model in agriculture emphasizes
minimizing waste and maximizing resource efficiency (Geissdoerfer
etal, 2017; Kirchherr et al,, 2017). Waste recycling and the utilization
of by-products, such as converting crop residues into compost or
animal feed, enhance the sustainability of agribusiness operations
(Martinez and Patel, 2020). These practices not only reduce
environmental impact but also create additional revenue streams for
farmers, promoting economic stability.

5 Global impact of sustainable
agribusiness practices

5.1 Environmental benefits

Sustainable agribusiness practices have significant environmental
benefits, primarily through the reduction of carbon footprints and the
conservation of biodiversity (Holka et al., 2022). By adopting
techniques such as regenerative agriculture and precision farming
(Zhang and Kovacs, 2012), greenhouse gas emissions from agricultural
activities are minimized, contributing to global climate change
mitigation (Smith and Taylor, 2020). Additionally, practices like
organic farming and the integration of agroforestry enhance
biodiversity by creating habitats for various plant and animal species,
thereby restoring ecological balance (Potts et al., 2016). The use of
renewable energy in agriculture, such as solar-powered irrigation
systems, further reduces dependency on fossil fuels, aligning
agribusiness with sustainable development goals (Lee and
Green, 2021).

5.2 Economic impacts

The economic implications of sustainable agribusiness are
profound, particularly in reducing costs and opening new market
opportunities. Farmers adopting precision agriculture and resource-
efficient practices often experience significant cost savings due to
optimized input usage, such as fertilizers and water (Miller et al., 2022)
as well as ensuring food security (Gebbers and Adamchulk, 2010).
Moreover, the increasing demand for sustainably produced goods has
led to the growth of green markets, with consumers willing to pay
premium prices for environmentally friendly products. This trend not
only boosts the profitability of agribusiness but also strengthens its
export potential, especially in markets with stringent sustainability
standards (Arora and De, 2020). By incorporating circular economy
models, farmers can generate additional revenue streams from waste
recycling and by-product utilization, further enhancing economic
resilience (Brown and Martinez, 2021).
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5.3 Social impacts

On a social level, sustainable agribusiness practices empower
smallholder farmers and improve food security (Godfray et al., 2010).
Initiatives such as capacity-building programs and access to technology
enable small-scale farmers to adopt sustainable methods, increasing their
productivity and income (Wilson and Harris, 2021). Additionally,
sustainable farming practices ensure long-term soil fertility and water
availability, which are critical for maintaining food production and
addressing global hunger challenges (Poore and Nemecek, 2018).
Improved food security also leads to better nutrition, particularly in
developing regions, thereby enhancing the overall quality of life and
reducing health disparities (Miller et al., 2022; Table 1).

6 Regional analysis of sustainable
agribusiness

For this review, the classification of ‘developed’ and ‘developing’
countries follows the World Bank income groupings (high-income vs.
low- and middle-income economies). This provides a standardized
basis for regional comparison.

6.1 Developed countries

Developed countries have led the way in implementing advanced
sustainable agribusiness practices by using Machine Learning
showcasing success stories that highlight innovation and efficiency
(Liakos et al., 2018). For instance, nations like the United States and
Germany have embraced precision agriculture technologies, including
GPS-guided machinery and Al-powered analytics, to optimize
resource use and reduce environmental impact (Smith, 2020). The
adoption of renewable energy sources, such as solar and wind power,
for powering agricultural operations has also become a standard
practice in these regions (Anderson and Taylor, 2021). Additionally,
government policies and subsidies in developed countries have
created favorable conditions for farmers to invest in sustainable
practices, further their
(Barbosa, 2024).

accelerating widespread adoption

6.2 Developing countries

In developing countries, the adoption of sustainable agribusiness
practices has faced challenges such as limited financial resources,
inadequate access to technology, and insufficient infrastructure
(Pretty et al., 2011; Food and Agriculture Organization of the
United Nations, 2017; World Banlk, 2020). Despite these barriers,
there are significant opportunities for transformation (Wunder
etal,, 2008). Countries like India and Brazil have begun integrating
sustainable methods, such as drip irrigation and organic farming,
to address water scarcity and improve soil health (Chauhan et al,
2023).
partnerships have played a crucial role in empowering smallholder

Community-driven initiatives and public-private
farmers to adopt sustainable practices, fostering both environmental
conservation and economic growth (Wilson and Harris, 2021).

However, the lack of consistent policy support and technical
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TABLE 1 Impacts of sustainable practices on environmental and economic dimensions.

Practice Environmental impact Economic benefit

Precision Reduced pesticide use by 40%, lowering soil and water contamination levels Increased yield by 20%, reducing production costs through optimized
Agriculture (Smith and Taylor, 2020). input usage (Wilson and Harris, 2022).

Renewable 50% reduction in reliance on fossil fuels, significantly lowering greenhouse gas | Lowered energy costs by 30%, providing long-term savings for farmers
Energy emissions (Anderson and Taylor, 2020). using solar-powered systems (Garcia and Martinez, 2021).
Regenerative Enhanced carbon sequestration, improved soil health, and increased water Boosted profitability by reducing dependency on synthetic inputs and
Farming retention capacity in degraded lands (Smith and Taylor, 2020). improving long-term productivity (Martinez and Patel, 2020).
Circular 60% reduction in agricultural waste through recycling and reusing by- Created additional revenue streams through bioenergy production and
Economy products, minimizing landfill usage (Garcia and Martinez, 2021). compost sales (Martinez and Patel, 2020).

training remains a hurdle for widespread adoption (Barnes
etal., 2019).

6.3 Case studies

Case studies from different regions demonstrate the transformative
potential of sustainable agribusiness practices. In the Netherlands, the
use of vertical farming and greenhouse technologies has resulted in a
significant reduction in land and water use while maximizing crop
yields (Lee and Green, 2021). Similarly, Rwanda has achieved
remarkable progress by implementing terracing and agroforestry
practices, which have reduced soil erosion and improved food security
in rural areas (Miller et al, 2022). Another notable example is
Australia’s adoption of bioenergy production from agricultural waste,
which has not only addressed waste management challenges but also
provided renewable energy solutions for local communities (Martinez
and Patel, 2020). These examples underscore the adaptability and
effectiveness of sustainable practices across diverse environmental and
economic contexts (Table 2).

6.4 Critical assessment of effectiveness

« Internal validity threats: short study horizons for regenerative
transitions; self-selection in adopters; limited counterfactuals in
case studies.

External validity threats: context-specific enablers (policy,
infrastructure) limit portability; performance varies with climate/
market structure.

Evidence gaps: equity/disaggregation, profitability-environment
link modeling, AI/IoT adaptation in resource-limited contexts,
and systems-level bundles rather than single-practice trials.

Implication: Programmes should prioritize context-matched
bundles (e.g., drip + regenerative ground cover + solar pumps +
advisory), delivered via cooperatives or service providers, with
transition finance to bridge early-year risks.

7 Challenges in implementing
sustainable practices

The implementation of sustainable practices in agribusiness faces
several challenges, primarily financial, technical, and sociopolitical in

Frontiers in Sustainable Food Systems

nature. Financial constraints and the high initial investment
requirements often deter farmers, especially smallholders, from
adopting sustainable technologies such as precision agriculture and
renewable energy systems (Smith, 2020). Limited access to subsidies
and credit further exacerbates this issue, making it difficult for farmers
in resource-limited settings to transition toward sustainability (Brown
and Taylor, 2021).

Additionally, a lack of technical knowledge and infrastructure
poses significant barriers. Farmers in many regions are unfamiliar
with advanced agricultural technologies such as Al-driven tools,
IoT systems, and regenerative farming techniques (Teague and
Barnes, 2017), leading to suboptimal utilization of these innovations
(Taylor and Wilson, 2020). Insufficient infrastructure, such as
inadequate storage facilities and unreliable supply chains, further
hinders the effective implementation of sustainable practices (Miller
etal., 2022).

Policy gaps and regulatory hurdles also contribute to the slow
adoption of sustainability in agribusiness. Inconsistent or poorly
implemented policies often fail to provide the necessary support and
incentives for farmers to transition to sustainable practices (Garcia
and Martinez, 2021). Moreover, a lack of stringent regulations on
environmental conservation in some regions allows unsustainable
practices to persist unchecked, undermining global sustainability
goals (Anderson and Patel, 2020).

Finally, resistance to change from traditional practices remains a
critical challenge. Many farmers are hesitant to abandon conventional
methods due to concerns over potential risks, uncertain returns, and
the complexity of learning new techniques (Gewali et al., 2018).
Cultural and social factors also play a role, as longstanding practices
are often deeply ingrained within farming communities, making
behavioral change a slow and challenging process (Lee and Green,
2021; Table 3).

8 Policy and governance for
sustainable agribusiness

Effective policy and governance are crucial for promoting
sustainable practices in agribusiness. The role of government
incentives and subsidies is particularly significant, as financial support
can help farmers overcome the high initial costs associated with
adopting sustainable technologies. For instance, subsidies for
renewable energy systems, such as solar-powered irrigation, and
grants for precision agriculture equipment have enabled farmers in
several countries to reduce their environmental impact while

frontiersin.org
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TABLE 2 Case-study comparisons.

System and Main enablers  Environmental Economic outcomes Transferability
Scale outcomes (directional) | (directional) risks
High-tech R&D ecosystem,
Reduced land and water intensity; Improved yield stability; access High capex; energy price
Netherlands greenhouses/vertical; energy contracts,
controlled input use to premium produce markets dependence
commercial scale finance
Terracing + Public investment,
Reduced soil erosion; improved soil | Enhanced food security; Requires sustained public
Rwanda agroforestry; community org.,
moisture and biodiversity diversified farmer incomes funding and maintenance
smallholder extension
Austral Waste-to-energy at Coordinated logistics; = Reduced waste to landfill; New revenue streams from Feedstock supply
ustralia
regional facilities grid access renewable energy generation residues; lower energy costs variability; contract design

TABLE 3 Challenges to sustainable agribusiness and strategic solutions.

Challenges Description Solutions
Financial High initial costs for adopting technologies such as precision Provide targeted subsidies, low-interest loans, and financial incentives for
Challenges farming and renewable energy. farmers.
Technological Limited access to advanced tools, training, and infrastructure for Foster public-private partnerships to enable technology transfer and farmer
Challenges smallholder farmers. training programs.
Policy and Weak enforcement of environmental regulations and inconsistent Align national policies with global sustainability frameworks like the SDGs
Governance sustainability policies. and Paris Agreement.

Cultural and traditional barriers to adopting new sustainable Conduct community engagement programs and showcase pilot projects to
Social Resistance

practices. demonstrate effectiveness.

maintaining productivity (Wolfert and Isakhanyan, 2019). Tax 8.1 Public incentives
incentives and low-interest loans further enhance the accessibility of

sustainable farming solutions, fostering wider adoption (Anderson 1 Capital subsidies and concessional credit: Reduce upfront
and Taylor, 2021). investment costs for technologies such as precision agriculture
Global frameworks and agreements, such as the Sustainable equipment and renewable energy systems. Best practice: tiered
Development Goals (SDGs) and the Paris Agreement, provide a schemes targeting smallholders, as in India’s solar irrigation
comprehensive roadmap for integrating sustainability into subsidy programme.
agribusiness practices (United Nations Framework Convention on 2 Input realignment: Redirect fertilizer and pesticide subsidies
Climate Change, 2015). These frameworks emphasize the need for toward soil health interventions (e.g., compost, soil testing) and
reducing greenhouse gas emissions, conserving biodiversity regenerative practices. Best practice: transitional subsidies in Brazil
(Tscharntke et al, 2012), and promoting sustainable resource that supported smallholders moving toward organic inputs.
management in agriculture (Tittonell et al., 2016). By aligning 3 Tax incentives and net-metering policies: Allow farmers to
national policies with these global initiatives, governments can monetize renewable energy production and reduce long-term
ensure consistency and accountability in achieving sustainability costs. Best practice: EU member states enabling surplus energy
targets, while encouraging international collaboration (Wilson and sales back to the grid.

Harris, 2021; Rosegrant et al., 2022).

The involvement of public-private partnerships (PPPs) and
community-driven initiatives plays a pivotal role in bridging gaps in 8.2 Reg ulation
resources and knowledge (Hermans et al., 2019). PPPs facilitate the

development and deployment of innovative technologies by 1 Soil and water standards: Establish minimum cover-cropping,
combining government support with private sector expertise (Garcia erosion control, and water-use efficiency requirements, with
and Martinez, 2022). For example, collaborations between agricultural flexible compliance mechanisms. Best practice: Rwanda’s
technology firms and local governments have enabled the terracing programme combined with national erosion
dissemination of IoT-based solutions to smallholder farmers in control regulations.

developing regions, significantly enhancing their efficiency and output 2 Nutrient management rules: Mandate nutrient budgeting and
(Antony et al, 2020). Community-driven initiatives, such as digital record-keeping to minimize overuse of chemical
cooperative farming models and farmer-led sustainability programs, fertilizers. Best practice: The Netherlands’ nutrient management
further empower local populations to take ownership of their regulations tied to precision application.

agricultural practices, ensuring long-term sustainability (Taylor and 3 Green procurement policies: Governments can require schools,
Wilson, 2021). hospitals, and public agencies to purchase sustainably certified
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food. Best practice: Italy’s school meal programmes that
prioritize organic and local sourcing.

8.3 Public—private partnerships (PPPs)

1 Digital extension PPPs: Partnerships between governments,
telecom providers, and universities to deliver precision
agriculture advisories to farmers via mobile platforms. Best
practice: Kenya’s digital advisory services reaching smallholders
with climate-smart information.

2 Shared infrastructure PPPs: Joint investment in composting
hubs, biogas plants, and cold-chain facilities that individual
farmers cannot afford. Best practice: Australia’s regional waste-
to-energy facilities built through PPPs.

3 Outcome-based PPPs: Contracts where private firms are
rewarded for achieving verifiable environmental or social
outcomes, such as soil carbon sequestration. Best practice:
Payment-for-ecosystem-services models piloted in Latin
America (Table 4).

9 Future directions and
recommendations

9.1 Innovations in agribusiness

Emerging technologies hold immense potential to revolutionize
agribusiness and address sustainability challenges (Smith and Wilson,
2021). Blockchain technology, for instance, can enhance transparency
in supply chains (Vern et al., 2024), ensuring ethical sourcing and
reducing waste through precise tracking of agricultural products

TABLE 4 Policy tools and best practices.

10.3389/fsufs.2025.1566708

(Kamilaris et al, 2019; Wolfert et al, 2017). Similarly, drone
technology is increasingly being used for crop monitoring, pest
control, and efficient irrigation management (Goap et al., 2018),
thereby reducing resource usage and improving yields (Brown and
Taylor, 2020). These innovations, coupled with advancements in
artificial intelligence and machine learning (Benos et al., 2021), enable
data-driven decision-making, making agribusiness more resilient and
environmentally sustainable (Wilson and Harris, 2022).

9.2 Policy recommendations

To accelerate the adoption of sustainable practices,
governments must focus on strengthening regulations and
compliance. Establishing stringent environmental standards and
enforcing penalties for unsustainable farming practices can
discourage harmful activities such as deforestation and overuse of
chemical inputs (Anderson and Patel, 2020). Policies should also
incentivize sustainability through targeted subsidies for renewable
energy adoption and research funding for innovative agribusiness
technologies. Additionally, fostering international collaboration to
align national policies with global sustainability frameworks, such
as the Sustainable Development Goals (SDGs), can ensure a
coordinated effort to achieve long-term sustainability (Garcia and
Martinez, 2021).

9.3 Research opportunities

There is a pressing need for long-term studies to better understand
the impacts of sustainable agribusiness practices on environmental
(Springmann et al., 2018), economic, and social dimensions. While

Policy
Category

Policy Tool

Example (Best Practice)

Key Benefits

Risks / Limitations

Public Incentives

Capital subsidies and

concessional credit

India’s solar irrigation programme

Reduces upfront costs; accelerates

technology adoption

Risk of capture by large farms if
not targeted

Input subsidy realignment

Brazil’s organic transition support

Encourages regenerative practices;

lowers chemical use

Transition shocks if phased too

abruptly

Tax incentives and net-

metering

EU member state renewable schemes

Lowers energy costs; monetizes

surplus energy

Excludes off-grid or remote

farmers

Soil and water standards

Rwanda’s erosion control regulations

Protects ecosystems; ensures long-

term productivity

Requires extension services and

monitoring

Nutrient management

Cuts overuse of fertilizers; improves

Compliance burden on

plants

Regulation Netherlands’ precision nutrient laws
rules soil and water quality smallholders
Green procurement Creates guaranteed demand for Limited reach if restricted to
Italy’s sustainable school meals
mandates sustainable products public sector
Expands farmer access to knowledge | Dependent on telecom coverage
Digital extension platforms | Kenya’s mobile climate advisories
and decision tools and digital literacy
Australia’s regional waste-to-energy Adds value from residues; lowers Requires stable feedstock supply
PPPs Shared infrastructure hubs

waste disposal

and contracts

Outcome-based contracts
(PES)

Latin America payment for ecosystem

services

Rewards measurable results; aligns

incentives

High monitoring and verification

costs
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short-term data provides valuable insights, comprehensive
longitudinal research can help identify patterns and outcomes that
inform policy and practice (Taylor and Wilson, 2020). Areas such as
soil health improvement, carbon sequestration, and the socio-
economic impacts of sustainable farming practices require further
exploration. Additionally, research should focus on region-specific
challenges and solutions, particularly in developing countries, to
ensure that sustainability efforts are inclusive and effective across

diverse agricultural contexts (Miller et al., 2022).

10 Conclusion

The systematic review highlights the transformative potential
of sustainable practices in global agribusiness. Key findings
emphasize that adopting technologies such as precision agriculture,
renewable energy integration, and circular economy models can
significantly reduce the environmental footprint while improving
economic viability and social equity. Importantly, these
technologies deliver context-specific benefits: while advanced
greenhouse systems and digital tools are most effective in high-
income settings, regenerative agroforestry, soil health measures,
and small-scale renewable systems are particularly impactful in
resource-constrained regions.

Looking forward, a defined research programme is required to
guide the sector. Priority areas include (i) establishing harmonized
indicators for environmental, economic, and social outcomes, (ii)
developing comparative case panels that track adoption across
diverse agro-ecological and socio-economic contexts, (iii)
evaluating bundled interventions such as precision irrigation
combined with renewable energy and soil health measures, and (iv)
examining equity dimensions to ensure benefits reach smallholders
and women farmers. These strands should converge into an
integrated evidence base and practical playbook that policymakers,
cooperatives, and agribusinesses can directly use for
decision-making.

In parallel, solid operational proposals are essential to translate
evidence into action. At the farm level, context-matched bundles such
as drip irrigation, drought-resilient varieties, and solar pumping in
arid zones, or regenerative agroforestry and composting in humid
tropics can accelerate adoption. At the cooperative or regional level,
shared infrastructure such as composting hubs, biogas units, and
green cold-chains can reduce costs and generate economies of scale.
At the market and policy level, instruments including sustainability-
linked credit, time-bound investment rebates, green procurement
mandates, and net-metering for on-farm renewables can create

systemic incentives.
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