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Abstract

Minimizing the ecological footprint created by agriculture is crucial, as it enables future generations
to thrive in an environment that sustains a food supply, both in quality and quantity. Current
agricultural practices are polluting the environment through the use of fertilizers and greenhouse
gas emissions, significantly contributing to climate change and biodiversity loss. Both issues
contribute to a large ecological footprint, which can be defined as the amount of materials required
to support an individual’s lifestyle. However, agricultural practices are advancing, aiming to
decrease our ecological footprint and mitigate environmental impacts. Modern, sustainable
agricultural practices have a positive impact on the environment by reducing pollution in the air,
water, and soil. The goal of this review is to analyze strategies for promoting sustainable agriculture
practices that minimize the ecological footprint. Technological innovations promote sustainable
agriculture by providing methods to combat the globe's growing ecological footprint. Education
about sustainable agriculture is crucial for ensuring food security for future generations, aligning
with the United Nations’ (UN) Sustainable Development Goal (SDG) of achieving Zero Hunger.
Likewise, when education promotes experimental learning, it enables individuals to learn more
about the impact of humans on the environment. Without food security, consumers would likely
face struggles, including health concerns and higher prices. Policy makers draft laws to ensure the
SDG of Responsible Consumption and Production of food for years to come. Economic incentives
further encourage the implementation of said laws. The UN’s SDGs of Climate Action, Zero Hunger,
and Responsible Consumption and Production are common themes found in the literature.
Throughout this review, researchers gained a deeper understanding of the numerous factors that
influence agricultural sustainability.
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The Promotion of Sustainable Agricultural Practices

This review aims to answer the question: What roles do technological innovation,
education initiatives, economic incentives, and policies play in advancing sustainable agricultural
practices and reducing the ecological footprint? Sustainable agriculture is an approach that meets



current food needs without harming the environment, depleting resources, or compromising the
ability of future generations to farm (Doval, 2023). Promoting sustainable agriculture
encompasses the technologies, education, policies, and economic incentives that encourage the
adoption of sustainable practices. Sustainable agriculture is crucial for ensuring food security,
economic stability, and environmental health. Innovative technologies—including precision
agriculture, automation, and climate-smart tools—promote sustainable agriculture by increasing
efficiency and minimizing the ecological footprint of agriculture through the mitigation of fertilizer
runoff and greenhouse gas emissions. Through education, individuals can learn about how to
promote sustainable agricultural practices that address the environmental issues facing society,
specifically through experiential learning. This will, in turn, bridge the knowledge gaps, reconnect
humans with the environment, and enable them to adopt sustainable practices. Policy and
economic incentives promote environmentally friendly agriculture by supporting farmers who
implement sustainable practices.

The negative impact of agricultural practices on the ecological footprint is a global issue
that various countries and organizations, including the United Nations (UN), are attempting to
remedy through the promotion of sustainable agriculture. The UN promotes sustainable
agriculture through its Sustainable Development Goals (SDGs) of Climate Action, Zero Hunger,
and Responsible Consumption and Production.

Problem Statement

Agriculture is one of the largest contributors to environmental degradation worldwide,
accounting for nearly one-third of global greenhouse gas emissions, while also causing soil
depletion, water pollution, and biodiversity loss (Doval, 2023). Small-scale farmers, who make up
a large portion of global agricultural producers, often lack the financial resources, technical
training, and policy support necessary to adopt sustainable methods. The minimalimplementation
of innovative technologies is due to high upfront costs, technical expertise requirements, and data
concerns. These challenges create a wide gap between current practices and the urgent need for
sustainable food systems. Without clear strategies to promote technology adoption, expand
agricultural education, and restructure economic incentives, food security and environmental
health will continue to be at risk for future generations.

Methods

In accordance with the rules of the Virginia Governor’s School of Agriculture (VGSA) and
parameters agreed upon by group members, no sources were used before 2015. Academic
research websites, including JSTOR and Google Scholar, were key tools throughout our research
process. Information was categorized into four groups: technology, education, economics, and
policies, to fully and effectively answer the research question.

Background



Agriculture significantly contributes to environmental degradation and increases the
ecological footprint. Rising food demands due to population growth put pressure on farmers to
prioritize short-term yield over long-term sustainability. In Virginia and beyond, traditional farming
practices rely heavily on synthetic fertilizers, pesticides, and excessive tilling, which creates
runoff, eutrophication, and climate instability (Water Resources Mission Area, 2019). When
fertilizer runoff enters streams and rivers, the nitrogen and phosphorus it contains cause
eutrophication (Water Resources Mission Area, 2019). The lack of dissolved oxygen suffocates
plants and animals, hurting biodiversity (Water Science School, 2018). Excess nitrogen, while vital
for farming, can pollute the environment (Shibata et al., 2017).

Our findings indicate that achieving sustainable agriculture is a process that requires
innovative technology, experiential education, economic incentives, and effective policy.
Collectively, these strategies reduce the environmental impact of agriculture, improve the welfare
of small-scale farmers, and help achieve SDG goals.

Technology

Promoting the adoption of agricultural technology is an impactful strategy for reducing the
ecological footprint of agriculture while also increasing crop yields. New technologies—like
precision agriculture, automation, and climate-smart systems—help farmers effectively increase
the input-to-output ratio. However, promoting these tools requires more than showcasing their
benefits; it also means addressing the barriers that prevent the adoption of these practices.
Practices like cooperative extension services and cooperative investments can accelerate the
promotion of smart farming systems, overcoming these barriers. These systems reduce emissions,
improve soil and water health, and prepare agriculture for the future.

To explore how these technologies can be promoted, it is important to explore how they
work in practice. Precision agriculture is one of the most effective technologies for sustainability. It
uses Geographic Information Systems (GIS), sensors, and data analytics to guide agricultural
decisions. In Argentina, farmers use GIS software to monitor soil moisture and determine the
optimal fertilizer type and amount for higher crop yields and less pollution (Young, 2020). Farmers
were able to reduce fertilizer runoff, but they still had the same crop yield. Automation and robotics
also play a critical role in minimizing the ecological footprint. China’s smart farm pilot programs
use Al-driven robots to plant, harvest, and manage crops with minimal human labor, lowering
energy and water use while increasing productivity. Energy use is reduced because machines don’t
need to waste fuel or electricity by running inefficiently; water use is reduced by using sensors and
data to apply irrigation only where and when crops actually need it. These examples illustrate how
government-backed pilot programs and infrastructure investments can promote adoption by
reducing the operational burden on farmers. Similarly, climate-smart technologies, such as
hyperspectral drones and Al-powered weather models, help farmers efficiently manage crops and
reduce resource waste at the risk of crop loss (Walter et al., 2017). Public investment, data
platforms, and extension training are essential tools used globally to promote innovative
technologies. These tools enable sustainable intensification by improving output without
expanding farmland, which protects forests and biodiversity.



Figure 1:

Precision Agriculture Technology

Note: Precision agriculture technologies, such as GPS, help farmers analyze data and increase
crop yields while using less effort (Young, 2020).

Despite their promising results and benefits, these technologies also face key adoption
barriers that must be addressed through targeted promotion. First, the high upfront costs of
precision tools and robotics prevent many small-scale farmers from investing in them. Second,
few farmers have the technical expertise necessary to operate or maintain advanced automation
systems (Lifestyle Sustainability, 2025). Third, the use of digital data in these automation tools
raises concerns about privacy and ownership. Farmers worry about how their production data
might be used by governments or corporations against them (Walter et al., 2017). These barriers
show that promoting adoption requires a system that reduces costs, builds technical capability,
and ensures data protection. These findings reinforce the idea that to reduce adoption barriers for
best management practices (BMPs), tools must be accessible, trusted, and aligned with the needs
of farmers and other stakeholders.

BMPs, agriculture practices that producers can take to reduce the amount of fertilizer,
waste, and pollutants entering bodies of water, are essential for reducing these adoption barriers
(Florida Department of Agriculture and Consumer Services, 2025). One method of promoting



BMPs is expanding cooperative extension programs that train farmers on how to use and maintain
smart technologies. Extension services not only educate farmers but also build trust in the
technologies being newly introduced (Langemeier & Shockley, 2021). Another BMP is promoting
shared access to technology through cooperatives. In rural villages, for instance, drones and
sensors can be jointly owned by multiple farms, spreading the cost while also increasing access
(Walter et al., 2017). This model suggests that collaboration and community-based resource
management can be powerful strategies for the widespread adoption of sustainable practices.
Additionally, governmentincentives such as cost-sharing programs or tax credits can help mitigate
financial risks for early adopters. Ensuring clear rules on data ownership, privacy, and what to
share and what not to share also helps build confidence and trust in digital tools. These combined
BMPs demonstrate that addressing adoption barriers requires not just individual effort, but a
coordinated, combined system of education, investment, and regulation.

Overall, both the invention and its implementation, are essential for the promotion of
sustainable agricultural technology. Precision tools, automation, and climate-smart systems can
transform agriculture into a more efficient, eco-friendly system. This is only possible if farmers are
supported with education, funding, and clear regulations on data privacy. As global temperatures
rise and food security becomes more urgent, these tools offer the most optimal path towards a
sustainable environment. This directly connects to the UN SDG 12, Responsible Consumption and
Production, as these technologies help reduce waste, increase the output ratio, and manage
resources more efficiently across farming systems. These innovations also directly align with the
USDA’s Agriculture and Food Research Initiative (AFRI) goal of Agriculture Systems and
Technology, which focuses on developing tools and systems to improve productivity and efficiency
of farms, while also prioritizing sustainability. By connecting Virginia’s efforts in sustainable
technology with this national priority, the state not only supports local farmers but also advances
the USDA’s mission of resource-efficient food production.

Education

Educating individuals on sustainable agricultural practices that minimize their ecological
footprint is essential for the reconnection of individuals with nature, the increase of knowledge of
the environments in which we reside, and the encouragement of collegiate students to further
explore agriculture. Many collegiate students at land-grant universities, such as Virginia Tech,
become engaged in real-world struggles and find active ways to address environmental
degradation (Krebs et al., 2021). Many Americans are depriving themselves of living in harmony
with their natural environment, as only 14% of the United States population resides in rural areas,
according to data from 2020 (Krebs et al., 2021). Being out of touch with our environment can be
detrimental to sustainability, as people will often inadvertently engage in actions that harm it. This
disconnect can be resolved by integrating hands-on learning agricultural courses in schools.
Instead of memorizing a handful of facts, individuals in urban and suburban areas can learn by
experiencing the impact of ecological systems and current agricultural practices. As a result, the
knowledge gap between individuals in urban and rural communities will be minimized. Examples
of environmental challenges that sustainable agriculture education could address include climate
change, water quality issues, concerns about water availability, depletion of natural resources,



and the sudden loss of biodiversity (Krebs et al., 2021). By educating ourselves and others on
sustainable agricultural practices, we help preserve resources such as water, minerals, and
overall ecosystems, all through the process of hands-on, engaged learning.

A major benefit of promoting sustainable agricultural practices is that it will address SDG 2,
an initiative to end global hunger, as well as improve food nutrition and security. Without nutritious
food, students will not have enough sustenance, physically or mentally, to make it through the day.
Around 800 million people globally are experiencing malnourishment, leaving 95 million children
under five years old underweight. Another 165 million are affected by undernutrition, which results
in stunted growth. Children who experience stunted growth often face setbacks reaching their
cognitive and developmental milestones (Baye, 2017). Unsustainable agricultural practices
contribute to global poverty, educational failures, and gender inequality, which all contribute to the
cause of hunger, malnutrition, and excess weight. During the UN’s Sustainable Development
Summitin New York the 25th of September, 2015, the SDGs addressed improving nutrition and
sustainable agriculture without committing detrimental acts to the ecosystems around them
(Baye, 2017).

Experiential learning is important in the context of sustainable agriculture because it
enables students to develop technical knowledge and acquire practical life skills. Experiential
learning, specifically utilized in agricultural land-grant institutions, is more accessible for students
in interactive fields because it promotes the mission of cooperative extension, an overarching term
for what happens as a result of experiential learning, and education through student-centered
learning, personalized learning styles, and attentive focus on the process equal to the product
(McKim et al., 2017). These priorities are executed through Kolb’s method of learning, which
begins with experiencing something concrete, followed by reflective observation, abstract
conceptualization, and finally, active experimentation (McKim et al., 2017). Students will emerge
with adaptable skills and a deeper understanding of real-world agricultural challenges, earned
through experiential learning.

However, problems posed by experiential learning include three barriers that must be
overcome for proper execution to occur. Firstly, experiential learning is not widely incorporated
across all universities and colleges. Therefore, postsecondary educators, specifically those within
agricultural colleges, need to receive further training to effectively implement experiential learning
techniques in their classrooms. Next, student engagement requires outside guidance beyond
concrete experiences, which includes reflections, conversations, conceptualizations, and
applications, often facilitated by teachers. Lastly, teacher engagement is necessary to self-identify
individualized opportunities for their students (McKim et al., 2017). Ultimately, the potential
barriers one must overcome to effectively execute experiential learning are fewer in comparison to
the benefits that promoting sustainable agricultural practices can result in. The promotion of
sustainable agricultural practices through education and experiential learning programs enables
individuals to acquire the knowledge necessary to help preserve our environment, ensure access
to nutritious food, and promote overall health.



Figure 2:

David Kolb’s Method of Learning
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Note: David Kolb’s Method of Learning emphasizes learning through the experience of a four-stage
cycle (McLeod, 2025).

Economics

Acquiring the tools, resources, and equipment necessary for engaging in sustainable
agricultural practices can often be difficult for small-scale farmers. Financial constraints and a
lack of education about sustainable practices lead some farmers to perceive investing in eco-
friendly agricultural practices as insufficient, resulting in a perceived lower return on investment. A
study conducted in Thailand used logistic regression to identify the key factors influencing small-
scale farmers' adoption of Good Agricultural Practices (GAP). It was found that demographic
characteristics such as age, gender, race, income, education, and more were key factors in the
adoption rate of GAP (Laosutsan et al., 2019). This suggests that one's income and education play
avitalrole in the adoption of sustainable agricultural practices. Even if small scale farmers adopt
sustainable agricultural methods, they often cannot compete with large farmers who dominate the
supply and demand chain. This makes it harder for them to benefit financially without additional
support. They are already at a disadvantage; therefore, small farmers are hesitant and stick with
conventional agricultural practices due to the lack of a transition safety net (Wartenberg et al.,
2018). These barriers lead them to focus more on short-term outcomes than on the long-term
benefits of adopting sustainable agricultural practices. This is why economic incentives are
important. When individuals are offered financial security against loss, they are more likely to



make that transition. Incentives can take many forms, including government subsidies, tax
incentives, low-interest loans/grants, access to premium markets, and more.

Figure 3:

Proportion Of Participants Supporting Various Strategies To Promote Sustainable Food Production

Figure 4: Proportion of Participants Who Support Different Ways
to Encourage More Sustainable Food Production
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Note: Government incentives received the highest level of support among participants. This
suggests that financial assistance is widely viewed as a key solution for encouraging farmers to
adopt sustainable agricultural practices (Kalaitzandonakes et al., 2023).

The poultry industry provides a clear example of how economic factors influence farmers’
ability to adopt sustainable practices. A study conducted by Bist on sustainable poultry
agricultural practices discussed the rising demand for poultry and sustainability. Organic poultry
farming and certification were introduced as a solution to meet this demand, offering access to
premium markets where consumers are willing to pay higher prices because of the guaranteed
product quality. Organic poultry farming uses no antibiotics or genetically modified organisms in
feed. Organic methods have lots of environmental benefits, including reduced pesticide use and
improved animal welfare. However, the high cost of organic certification and implementation
remains a barrier for many farmers (Bist et al., 2023). This highlights why farmers need economic
incentives such as premium market access and subsidies to afford sustainable transitions. This
ties back to SDG 2, Zero Hunger, as the objective of globalizing organic methods is to ensure long-
term food security for low-income and small-scale farmers. Improved nutrition and food security
will ensure improved health for all.

In the United States, over 20 billion dollars is spent on subsidies for farmers each year. In
2011, a study showed that 3% of farmers owned 30% of crop insurance subsidies (Mosquera,
2018). Subsidies for farmers are intended to manage risk. However, these subsidies mainly benefit
large-scale farmers. Due to the insurance against losses, some large farmers are more likely to



engage in risky and environmentally harmful practices. This occurs because insurance reduces the
financial consequences of failure, so farmers prioritize higher yields and profits even if they
damage the environment. This suggests that the crop insurance subsidy should be restructured to
address harmful practices and ensure fairness. Instead of rewarding harmful and unjust practices,
subsidies should be given to individuals who actively practice or plan to practice eco-friendly
agricultural methods. Millions of dollars would be saved with the restructuring of the crop
insurance subsidy program, which could then be used towards government-led economic
incentives that encourage farmers to adopt eco-friendly methods (United Nations, 2025).

Policy

As the world globalizes, so does agriculture; and policy improves the adoption of
sustainable agricultural practices. Agriculture has become more and more focused on
commercialization and making a profit with low costs. Policy often fuels this with reduction and tax
credits focused on creating the best margins possible. Instead, policy implementation should be
focused on policy margins in relation to keeping agriculture sustainable and clean energy wise.
However, policy implementation can be challenging, often due to the challenges associated with
rural areas, including land fragmentation, income disparities, and product testing (NCSL, 2025).
Nonetheless, including policy when starting a shift towards sustainable agriculture greatly
outweighs the challenges associated with the problem.

In Southeast Asia, large sections of soil and water are critically impacted by decades of
unsustainable agricultural practices focused on profit and efficiency (Pereira et al., 2023).
Specifically in Bangladesh and Nepal, soil degradation is critically impacted with 56% and 60% of
soil missing critical organic materials, respectively (Cook et. al., 2016).

As Figure 4 shows, organic matter is largely depleted from the soil. This is due to the large
usage of unnatural fertilizers that often bleach the soil, and the usage of various unsustainable
agricultural practices like tilling. The usage of organic fertilizer is challenging due to various
barriers, including up to two years for any fertilizer to be licensed, which leads to less use overall
and fewer people applying for licenses (Government of the People’s Republic of Bangladesh’s
Ministry of Agriculture, 2006). In those areas, the usage of policy is crucial to streamline the
adaptation process for organic fertilizers and to open up the process to more individuals. By
reducing the fees and lab requirements, the Bangladesh and Nepalese governments could set a
model for an organic fertilizer testing global standard.

In addition, policy provides a foundation for greater change in the future. In China, the large
population has relied on resource-intensive and commercialized agriculture to provide food for the
country. This has led to rapid industrialization, negatively impacting the soil quality and decreasing
organic nutrients. Industrialization creates a large income disparity between rural and urban areas,
furthering agricultural fragmentation through the urbanization of land. The government aims to
address these issues through the introduction of a policy designed to protect farmland by
preventing it from being used for non-agricultural purposes (Wilkes et al., 2016). This solution,
along with the introduction of circular farming, a circular agricultural system designed to reduce
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waste through nutrient recycling, will have a positive impact on the ecological footprint related to
agriculture, aligning with UN SDG 12, which focuses on Responsible Production. By producing the
food we eat sustainably, we can have a positive impact on the planet.

Figure 4:

Bangladesh Soil Quality
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Note: This is a diagram of the organic matter in Bangeledhi soil. Large parts of the country
have a very low status (Cook et. al., 2016).Around the world, efforts are being made to promote the
adoption of sustainable agriculture. This is done by using policy to provide a stable base and
streamline the process of implementing sustainable agriculture. By utilizing policy, the world can
reduce its ecological footprint and take one step closer to achieving the UN’s SDGs.

Future Direction
Despite our wide range of research, our review does not dwell heavily on local impacts or

an abundance of specific examples. Further research includes exploring how to implement
experiential learning and applying policies, economic incentives, and technology on a local scale.
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Conclusion

Current agricultural practices are creating a large ecological footprint through
environmental pollution. However, modern sustainable agricultural practices have the potential to
minimize the ecological footprint by reducing greenhouse gas emissions and agricultural runoff.
The practices themselves are important, but without the promotion of said practices, they would
not be able to make a difference. Sustainable agricultural practices are promoted through the use
of modern technologies, education, economic incentives, and effective policies. The pollution and
runoff from agricultural practices are leading to issues such as biodiversity loss. The UN
encourages the promotion of sustainable agriculture through its SDGs of Climate Action, No
Hunger, and Responsible Consumption and Production.

References

Baye, K. (2017). The Sustainable Development Goals cannot be achieved without improving
maternal and child nutrition. Journal of Public Health Policy, 38(1), 137-145.
http://www.jstor.org/stable/44202666

Bist, R., Bist, K., Poudel, S., Subedi, D., Yang, X., Paneru, B., Mani, S., Wang, D., & Chai, L. (2024).
Sustainable poultry farming practices: a critical review of current strategies and future
prospects. Poultry Science, 103(12), Article 104295.
https://doi.org/10.1016/j.psj.2024.104295

Cook, S., Henderson, C., Kharel, M., Begum, A., Rob, A., & Piya, S. (2016). Collaborative action on
soil fertility in South Asia: Experiences from Bangladesh and Nepal. International Institute
for Environment and Development. http://www.jstor.org/stable/resrep02749

Doval, C. Y. (2023, August 23). What is sustainable agriculture?. Sustainable Agriculture Research
& Education Program. https://sarep.ucdavis.edu/sustainable-ag

Florida Department of Agriculture and Consumer Services. (2025). Agricultural Best Management
Practices https://www.fdacs.gov/Agriculture-Industry/Water/Agricultural-Best-
Management-Practices

Fox Valley Technical College. (2025). Precision Agriculture Technician | Technical Diploma | Fox
Valley Technical College. https://www.fvtc.edu/program/agriculture-horticulture-natural-
resources/agriculture/31-092-1/precision-agriculture-technician-1

Government of the People’s Republic of Bangladesh’s Ministry of Agriculture. (October 11, 2006).
http://bdlaws.minlaw.gov.bd/upload/act/2023-08-02-15-05-14-110.The-Fertilizer-
(Management)-Act,-2006.pdf

Krebs, C. L., Loizzo, J. L., Crandall, R. M., Bunch, J. C., Lundy, L. (2020). Project-based learning
impacts on collegiate students’ climate change attitudes, nature relatedness, and science
communication skills. NACTA Journal, 65, 506-516.
https://www.jstor.org/stable/27157878

Langemeier, M., & Shockley, J. (2019). Impact of Emerging Technology on Farm Management.
Choices, 34(2), 1-6. https://www.jstor.org/stable/26785771

Laosutsan, P., Shivakoti, G. P., Soni, P. (2019). Factors influencing the adoption of good
agricultural practices and export decision of Thailand’s vegetable farmers. International
Journal of the Commons, 13(2), 867-880. https://www.jstor.org/stable/26819574


http://www.jstor.org/stable/44202666
https://doi.org/10.1016/j.psj.2024.104295
http://www.jstor.org/stable/resrep02749
https://sarep.ucdavis.edu/sustainable-ag
https://www.fdacs.gov/Agriculture-Industry/Water/Agricultural-Best-Management-Practices
https://www.fdacs.gov/Agriculture-Industry/Water/Agricultural-Best-Management-Practices
https://www.fvtc.edu/program/agriculture-horticulture-natural-resources/agriculture/31-092-1/precision-agriculture-technician-1
https://www.fvtc.edu/program/agriculture-horticulture-natural-resources/agriculture/31-092-1/precision-agriculture-technician-1
http://bdlaws.minlaw.gov.bd/upload/act/2023-08-02-15-05-14-110.The-Fertilizer-(Management)-Act,-2006.pdf
http://bdlaws.minlaw.gov.bd/upload/act/2023-08-02-15-05-14-110.The-Fertilizer-(Management)-Act,-2006.pdf
https://www.jstor.org/stable/27157878
https://www.jstor.org/stable/26785771
https://www.jstor.org/stable/26819574

12

Lifestyle Sustainability. (2025). What impact does Al have on rural communities?
https://lifestyle.sustainability-directory.com/question/what-impact-does-ai-have-on-rural-
communities/

McKim, A. J., Greenhaw, L., Jagger, C., Redwine, T., McCubbins, O. (2017). Emerging opportunities
for interdisciplinary application of experiential learning among colleges and teachers of
agriculture. NACTA Journal, 61(4), 310-316. https://www.jstor.org/stable/90021480

McLeod, S. (2025, March 19). Kolb’s learning styles and experiential learning cycle. Simply
Psychology. https://www.simplypsychology.org/learning-kolb.html

Mosquera, J. (2018). Corn, cows, and cash: How farming subsidies work and what they could
potentially achieve. Journal of Land Use & Environmental Law, 34(1), 191-210.
https://www.jstor.org/stable/26896702

NCSL. (2025). Challenges facing rural communities. https://www.ncsl.org/agriculture-and-rural-
development/challenges-facing-rural-communities

Pereira, P., Igor Bogunovic, Inacio, M., Zhao, W., Barcelo, D. (2023). Agriculture intensification
impacts on soil and water ecosystem services. The Handbook of Environmental Chemistry,
120. https://doi.org/10.5194/egusphere-egu23-1423

Shibata, H., Galloway, J. N., Leach, A. M., Cattaneo, L. R., Noll, L. C., Erisman, J. W., Gu, B., Liang,
X., Hayashi, K., Ma, L., Dalgaard, T., Graversgaard, M., Chen, D., Nansai, K., Shindo, J.,
Matsubae, K., Oita, A., Su, M.-C., Mishima, S.-I., Bleeker, A. (2017). Nitrogen footprints:
Regional realities and options to reduce nitrogen loss to the environment. Ambio, 46(2),
129-142. http://www.jstor.org/stable/45147924

United Nations. (2025). The 17 Sustainable Development Goals. https://sdgs.un.org/goals
United States Department of Agriculture. “Agriculture and Food Research Initiative (AFRI).”
National Institute of Food and Agriculture, 2024,
www.nifa.usda.gov/grants/programs/agriculture-food-research-initiative.

United States Department of Agriculture. “Agriculture and Food Research Initiative (AFRI).”

National Institute of Food and Agriculture, 2024,
www.nifa.usda.gov/grants/programs/agriculture-food-research-initiative.

Walter, A., Finger, R., Huber, R., Buchmann, N. (2017). Smart farming is key to developing
sustainable agriculture. Proceedings of the National Academy of Sciences of the United
States of America, 114(24), 6148-6150. https://www.jstor.org/stable/26484181

Wartenberg, A. C., Blaser, W. J., Janudianto, K. N., Roshetko, J. M., van Noordwijk, M., Six, J. (2018).
Farmer perceptions of plant-soil interactions can affect adoption of sustainable
management practices in cocoa agroforests: A case study from Southeast Sulawesi.
Ecology and Society, 23(1). https://www.jstor.org/stable/26799044

Water Resources Mission Area. (2019). Nutrients and eutrophication. United States Geological
Survey. www.usgs.gov/mission-areas/water-resources/science/nutrients-and-
eutrophication.

Water Science School. (2018). Nitrogen and water. United States Geological Survey.
www.usgs.gov/special-topics/water-science-school/science/nitrogen-and-water.

Wilkes, A., & Zhang, L. (2016). Stepping stones towards sustainable agriculture in China: An
overview of challenges, policies and responses. International Institute for Environment and
Development. http://www.jstor.org/stable/resrep02677


https://lifestyle.sustainability-directory.com/question/what-impact-does-ai-have-on-rural-communities/
https://lifestyle.sustainability-directory.com/question/what-impact-does-ai-have-on-rural-communities/
https://www.jstor.org/stable/90021480
https://www.simplypsychology.org/learning-kolb.html
https://www.jstor.org/stable/26896702
https://www.ncsl.org/agriculture-and-rural-development/challenges-facing-rural-communities
https://www.ncsl.org/agriculture-and-rural-development/challenges-facing-rural-communities
https://doi.org/10.5194/egusphere-egu23-1423
http://www.jstor.org/stable/45147924
https://sdgs.un.org/goals
http://www.nifa.usda.gov/grants/programs/agriculture-food-research-initiative
http://www.nifa.usda.gov/grants/programs/agriculture-food-research-initiative
https://www.jstor.org/stable/26484181
https://www.jstor.org/stable/26799044
http://www.usgs.gov/mission-areas/water-resources/science/nutrients-and-eutrophication
http://www.usgs.gov/mission-areas/water-resources/science/nutrients-and-eutrophication
https://www.usgs.gov/special-topics/water-science-school/science/nitrogen-and-water
http://www.jstor.org/stable/resrep02677

13

Young, S. (2020). The future of farming: Artificial Intelligence and agriculture. Harvard International
Review, 41(1), 45-47. https://www.jstor.org/stable/2691728


https://www.jstor.org/stable/26917282

