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Abstract: In 2050, the planet will need more
food because the world population will be clo-
se to 10 billion people. Since 2015, agriculture
has opened the door to the incorporation of
technologies such as autonomous robots and
artificial intelligence. Intelligent systems allow
automatic learning through data obtained
from sensors, drones, and internet of thin-
gs. These systems use algorithms to predict
the behavior of variables such as soil quality,
humidity, diseases, or sales price behavior. In
this way, agriculture can function as the first
link in an integrated, efficient, intelligent pro-
duction chain, with permanent interconnec-
tivity and timely decisions thanks to machine
information processing through artificial in-
telligence.

Keywords: Machine learning, Precision agri-
culture, Regenerative agriculture.

INTRODUCTION

The Food and Agriculture Organization
of the United Nations (FAO)' has pointed out
that in 2050 the planet will need more food
because the world population will be close to
10 billion people. To meet this need, mankind
has been forced to use what is within its reach,
such as knowledge, tools and devices to take
advantage of the various forms of agriculture
known as: subsistence, intensive, organic, di-
gital, precision and regenerative’.

Agriculture 5.0 is a concept that refers to
the integration of technologies with a focus on
maximizing agricultural production without
neglecting sustainability, the regeneration of
soil and water bodies, as well as the welfare of
farmers and consumers. This work analyzes
briefly the concept of Agriculture 5.0, its ori-
gin, evolution, its necessary relationship with
Al, and last-generation Technologies (Figure

1).
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AGRICULTURE AND ITS
EVOLUTION TOWARDS 5.0

Agriculture 1.0, also known as traditio-
nal agriculture, is a fundamental part of the
Neolithic revolution’. This revolution, cha-
racterized by the construction of permanent
settlements, livestock raising and agricultu-
re, implied a profound change in the way of
life of the human species a little more than
10,000 years ago. Hunting and gathering were
transformed into agricultural activities throu-
gh the domestication of animals and the ge-
netic modification of plants through human
selection. This stage is identified by sowing
and harvesting with simple tools such as the
plow, sickles, rakes, threshing machines, and
pickaxes; aside from tools derived from wheel
invention, such as mills, Archimedes’ screw,
and devices for pumping water known as the
ancient crankshaft!. Farmers acquired a great
deal of empirical knowledge of plants, their
nutrients, soil, atmospheric phenomena and
traditional agricultural practices. Families
produced enough for themselves and exchan-
ged products. This Era was characterized by
subsistence agriculture.

A second revolution, the Industrial Revo-
lution, involved major advances in the mecha-
nization of agricultural production systems
during the 18th and 19th centuries, known
as Agriculture 2.0°. The invention of the ste-
am engine, and later the diesel engine, led to
the invention of tractors adapted to particu-
lar crops and soils. In the early 20th century,
the use of diesel-powered machines such as
tractors, combine harvesters, mowers, and the
use of chemical fertilizers, allowed farmers to
work faster and more efficiently, improving
crop yields.

The Green Revolution, or Agriculture 3.0
from 1940 to 1970, refers to the massive adop-
tion of the use of high-yield seeds, inorganic
fertilizers, and synthetic pesticides, as well
as the mechanization of cultivation, irriga-
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tion, and harvesting methods. These advances
drove increases in crop yields, particularly in
wheat, rice, and corn®. Agriculture became an
expanding industry in terms of productivity.
At this point, it is necessary to mention Nor-
man Bourlaug contribution, an agronomist,
geneticist, plant pathologist, and Nobel Pea-
ce Prize winner in 1970. Bourlang contribu-
ted to the improvement of crop yields under
water stress in several countries (Argentina,
United States, India, Mexico, Pakistan, Domi-
nican Republic, among others) and provided
sufficient food access to various sectors of the
population as never before in history’. Despi-
te the significant benefits in this period, Agri-
culture 3.0 had negative environmental and
social impacts such as: soil erosion, nutrient
depletion, deforestation, water stress, burning
of fossil fuels, damage to the biota due to ex-
cessive use of toxic substances, and impove-
rishment of farmers who were subordinated
to products market sales price®.

The digital era, which began at the end of
the 20th century, developed precision agricul-
ture or Agriculture 4.0°. Digital technologies
such as global positioning system (GPS)",
geographic information systems (GIS)" in-
formation and communication technolo-
gies (ICT)', drones (unmanned aerial vehi-
cles UAV)"™'5, sensors'®®, internet of things
(IoT)", big data®>?!, and robots***, have been
used for the automatic control of machines,
such as pumps, tractors, irrigation systems,
and harvesters that can operate with minimal
human intervention. These systems provide
real-time monitoring of harvests, which has
led to more precise and eflicient agriculture
that manages and optimizes resources such
as water, fertilizers and pesticides, improving
decision-making.

Since 2015, Agriculture 5.0°> * represents
the most recent shift towards a highly tech-
nified, interconnected and related to Industry
5.0 agriculture. It is based on the integration
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Figure 1. Agriculture 5.0 evolution
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Table 1. Technologies in Agriculture 5.0 related to Al

of advanced technologies with AI such as
predictive data analytics, smart sensors, au-
tonomous robots®, and machine learning®
to improve agricultural supply chain mana-
gement (Table 1). For example, crop moni-
toring and disease detection is performed
using computer vision and machine learning
algorithms known as Machine Learning. This
technology makes it possible to identify early
signs of diseases, nutritional deficiencies, or
pests in crops, through aerial images captu-
red by satellites or drones equipped with hi-
gh-resolution cameras and advanced sensors,
allowing quick, less costly interventions and
treatments, preventing the spread of diseases

and reducing the use of pesticides. Real-time
data collection and analysis reduces post-har-
vest losses, improving inventory management
and efficiency to custom delivery. Predicting
market demand for agricultural products, im-
proving logistics, optimizing transportation
and product distribution (Figure 2).

With respect to biotechnology, AI has fa-
cilitated the research and development of ge-
netically modified crops by analyzing large
volumes of genetic data, helping to identify
specific genes responsible for desirable traits
such as disease resistance, rapid growth, tole-
rance to extreme weather conditions, and im-
proved nutritional characteristics®®>'.
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Figure 2. Al in Agriculture 5.0

But Agriculture 5.0 goes beyond automa-
tion and digitization as it places a strong em-
phasis on the humanization, sustainability,
and customization of agricultural production.
This stage, known as regenerative agricul-
ture’’, aims to ensure that both human well-
-being and the environment are respected. It
also incorporates biotechnology to develop
more resistant crops with better nutritional
characteristics, as well as greater transparen-
cy in the supply chain®. This allows efficient
and adaptable management to the specific
needs of each farmer, taking into account
factors such as soil type, climate and market
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preferences. In addition, regenerative agricul-
ture plays an important role in this phase, pro-
moting practices that not only to preserve the
environment, but also restore it; such as crop
rotation, the use of organic fertilizers, refores-
tation, reduction of the carbon footprint and
greenhouse gas emissions, contributing to the
efforts against climate change.

CONCLUSIONS

Artificial intelligence is already present in
the daily activities of humanity, and the agri-
cultural sector is no exception. For this reason,
it is imperative to promote conversations and
think over on robotics and digital agriculture,
considering the related scope of intellectual
property laws, the welfare of farmers and agri-
cultural workers, social justice, educational
policies, government spending and the value
of public goods.

PERSPECTIVES

Agriculture 5.0 not only represents an ad-
vance in terms of technology, but also res-
ponds to the need for a more ethical and sus-
tainable approach to production. In the future,
it is expected to make greater use of renewable
energies, drone management for monitoring,
selective fumigation, and the development of
autonomous systems for fully automated agri-
culture. The integration of Al in agriculture
will make it possible to personalize the care of
each plant, offering solutions to address global
challenges such as climate change and the de-
terioration of natural resources. The panora-
ma shows how agriculture is evolving towards
a more technological, sustainable and ethical
model, with a strong focus on science, techno-
logy, social and environmental responsibility.
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