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Abstract

The integration of Artificial Intelligence (Al) into
agriculture marks a transformative moment in the
pursuit of global food security and environmental
sustainability. Al technologiesranging from machine
learning and robotics to satellite-based analyticsare
revolutionizing farming by enhancing productivity,
resource efficiency, and climate resilience.
However, this technological shift poses complex
challenges when assessed through a human rights
lens. This paper explores the intersection of Al-
driven  agricultural  innovation  and  the
internationally recognized rights to food and
livelihood, particularly for smallholder farmers,
indigenous communities, and marginalized rural
populations.While existing literature highlights the
economic and environmental benefits of Agri-tech,
there is a marked research gap in understanding its
socio-legal implications on human rights. This study
addresses that gap by developing a rights-based
analytical framework that evaluates AI’s role, not
merely in enhancing yields but also in safeguarding
equitable  access, distributive  justice, and
participatory governance.The findings reveal that
while Al holds substantial promise for sustainable
agriculture, its deployment often reflects power
asymmetries and commercial interests, risking the
exclusion of vulnerable communities from
technological benefits. The paper concludes by
offering strategic policy recommendations to ensure
Al innovations are aligned with human rights
standards and the Sustainable Development Goals
(SDGs). A shift toward inclusive, transparent, and
ethically governed Al in agriculture is critical to
realizing a just and sustainable Agri-tech future.

Keywords: Artificial Intelligence, Right to Food,
Sustainable Agriculture, Human Rights, Digital
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I.  Introduction

Agriculture has long been an essential
factor in influencing societies, economies, and
cultures across the globe. For the Global South,
including countries in Africa, Asia, and Latin
America, agriculture is not just an economic
venture, but an underpinning of food security,
cultural heritage, and the livelihoods of millions of
people. In these regions, a significant share of the
local population relies on agriculture either as
farmers and herders or indirectly through such
activities as food processing, transportation, and
trade, among others. The right of access to land is,
for poor farmers and landless workers, quite
frequently their only means of income or
livelihood.For all the progress in agricultural
technologies and increased production of food
worldwide, hunger and malnutrition are stubborn
realities. Recent estimates by international
organizations such as the Food and Agriculture
Organization (FAO) and the World Food
Programme (WFP) indicate that over 800 million
people around the world — about one in every nine
people suffer from chronic malnutrition.The
fundamental causes of food insecurity today include
poverty, armed conflicts, socio-political unrest,
climate variability and change, and marginalisation
of rural societies.Farming systems degraded by
decades of unsustainable use. Inappropriate use of
chemical fertilizers and pesticides has caused
erosion of soil, depletion of fertility, and pollution
of water bodies.Meanwhile, large-scale
deforestation for the expansion of agriculture, over-
extraction of groundwater, and loss of crop diversity
has added to an already serious ecological loss. Such
environmental challenges not only constrain
increased agricultural productivity but also
increasingly undermine the sustainability of farming
enterprises, particularly those of resource-poor
farmers in climate-vulnerable regions in the long
term.In the face of these interlinked challenges,
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there is increasing interest in using technological
innovation to reinvigorate agriculture. One of the
most exciting technological advances is the
application of Al in agriculture. -Al technologies,
including machine learning algorithms, computer
vision, predictive analytics, autonomous machines,
etc, can provide new opportunities to enhance crop
yield, environmental monitoring, pest and disease
control, and market access. For example, tools that
use Al are able to help farmers understand when to
sow or harvest crops, or predict the weather and
observe early indicators of crop stress by using
images from  satellites and data  from
sensors.Smallholder farmers who have neither the
digital infrastructure nor the technical know-how
may be left behind while a few large agribusinesses
acquire the data and resources. And the issues
around data ownership, algorithmic bias, labour
displacement  through automation, and the
privatisation of agricultural knowledge also suggest
the need for strong ethical and legal protections.It is
therefore also crucial that Al in agriculture is
analysed through a human rights lens. That is,
technology must be inclusive, transparent, and serve
the principles of equity, sustainability, and social
justice. Technology is meant to empower, not to
relegate to exclusion or dependencies. Accordingly,
this study aims to investigate how Al can be utilized
to advance sustainable agriculture, ensuring that it
does not lead to the encroachment on the basic
rights of food and livelihood for everybodyand, in
particular, for the most marginalised groups who are
unlikely to benefit from the current wave of digital
transformation.

The Birth ofArtificial Intelligence in Farming
Artificial Intelligence (AI) in agriculture
has become the most disruptive force in the industry
over the past few years. With increasing global
pressure to grow more food with fewer resources
and minimize its ecological footprint, Al presents
tantalizing solutions for changing the way we farm,
monitor, and manage agriculture. Al encompasses a
set of digital technologies that mimic human
intelligence and judgment. The most frequently used
Al technologies in agriculture are machine learning,
computer vision, robotics, natural language
processing, and data analytics.These bots are now
being applied across stages of the agricultural value
chain. Machine-learning algorithms, for instance,
are being deployed to analyse huge datasets
collected from soil sensors, weather satellites, and
market prices to help farmers make decisions based
on data. Robotics has also been implemented in
planting, weeding, and harvesting crops, particularly

on the industrialized level of commercial farming.
Al is also revolutionising the way food is distributed
in agricultural supply chains, by improving logistics,
cutting food loss, and bringing farmers directly to
the market through the use of Al to forecast prices
and demand.However, although these developments
are expected to bring tremendous opportunities such
as higher productivity, lower input costs, and better
environmental stewardship, they also inevitably
come along with great challenges. For example
smallholder farmers in many developing countries
don’t have the basic digital infrastructure, like
smartphones, internet connectivity, or electricity,
required to make Al valuable for them.

II.  Research Problem

Today, Al is changing farming in ways the
world never expected. Artificial Intelligence (Al) is
revolutionizing the world with a multitude of path-
breaking applications, including climate change and
food diversity, but when it comes to agriculture and
farming, the Al emphasis lies on the food-growing
ability. The private sector is largely driving this
momentum, with large Agri-tech companies,
venture capital-funded startups, and multinational
technology companies leading the charge. Their
breakthroughs are generally geared toward being
more productive, operating more efficiently, or
giving access to new markets. There is nothing
inherently wrong with these aims, but they are often
chased in a manner that values profit over people
and with insufficient regard to the wider social,
economic, and human rights context.This market-led
approach may produce technologies that do not meet
the requirements of  small-scale farming
communities, in particular smallholder farmers,
women farmers, landless labourers, and indigenous
peoples. And most Al systems are designed without
input from these populations, and frequently without
regard to cultural, linguistic, or economic
accessibility. Moreover, fundamental questions like
data ownership, fair benefit-sharing, and long-term
ecological ramifications are rarely covered in most
Agri-tech discussions. Therefore, there is a rising
fear that Al will be used to exacerbate existing
inequalities rather than reduce them.

Ethical and Legal Void of Commandment
Adoption of Al in agriculture is frequently
faster than the development of regulations and
processes, and this is especially true in emerging
markets. There are currently limited and nonbinding
international standards about the application of Al to
agriculture, and some national frameworks do not
address fairness, accountability, and transparency in
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the use of algorithms. There’s a gap in the
regulation, and the lack of a legal framework is
there to be exploited, abused, and violated,
especially in the countryside, where state oversight
is relatively restrained or poorly funded.

Ethical issues also revolve around consent,
transparency, and involvement. Many Al
interventions are adopted with little input from the
people or communities they are meant to benefit.
Consent is routinely collapsed into a click-through
agreement couched in impenetrable, non-negotiable
legalese. There are, additionally, few means for
farmers to contest or petition the decisions of
opaque algorithms—be it a denial for a line of
credit, the forecasting of yield, or an insurance
assessment—decisions that can have very real,
material implications for their lives. These gaps
draw attention to the necessity for rights-based
governance frameworks to centralize transparency,
accountability, and community participation in Al
development.

Trade-offs and Dilemmas Due to Environmental
Sustainability

Even though Al often gets attached to all
that is branded "sustainability," using it can also
have negative ecological knock-on effects. For
example, Al-based tools that are designed only to
maximize yield or economic returns might promote
input-intensive monocultures that compromise soil
health and strip landscapes of biodiversity. Some Al
technologies — and some Al companies — especially
in the industrial agribusiness, may even perpetuate
extractive agriculture models that focus on export
markets over foodsovereignty.The digital backbone
of Al including data centres, cloud computing, and
hardware, has environmental effects of its own. The
world needs to consider that the energy use, e-waste,
and carbon emissions from these technologies when
making these long-term sustainability assessments.
Unchecked, these trade-offs could outweigh the
environmental advantages of Al and undermine the
bigger picture of climate-proof
agriculture.Additionally, Al systems can,
unfortunately, incentivize various types of land use
changes that are the cause of deforestation, for
example, wetland degradation, and/or the
dispossession of indigenous land. This is
particularly the case where land suitability
assessments or investment decisions are based on
algorithmic hijacking at the expense of ecological or
cultural priorities. As such, the role of Al in all
global goals should be critically examined,
including its efficiency and its long-term

implications on ecosystems, community adaptation,
and resistance.

III.  Conclusion

This article has explored the intricate and
ever-changing linkage among artificial intelligence
(AID), sustainable agriculture, and the advancement
of basic human rightsparticularly the right to food
and the right to livelihood. The study has brought to
the fore that even though AI has transformative
potential to boost productivity, efficiently uses
resources, and builds more climate-resilient
agricultural systems; its application is resulting in
urgent issues of equity, inclusion, and protection of
human rights.It implies that Al-based agricultural
innovations such as precision farming, predictive
analytics, driverless machines, and data-based
supply chain management are all impacting
agricultural activities worldwide. Some good has
come from these efforts: better predictions of yield,
better control of pests and diseases, greater
efficiency in irrigation and even better access to
markets and credit for some groups of farmers.But
Al and agriculture do not take their strides without
serious social, legal, and ethical implications. The
research shows that access to Al technologies is still
very unequal, and that only a relatively large portion
of farmers and a few agribusinesses have the
necessary resources. Marginalized communities,
including smallholder farmers, indigenous groups,
women, and unlanded labourers, often do not have
the digital infrastructure, education, and financial
resources to leverage these innovations. Failing
intervention, Al may exacerbate, rather than
alleviate, these underlying structural inequalities in
rural settings.
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