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Abstract

In Portugal, agriculture has proven to be a sector that ensures national sovereignty, as it has demonstrated its
importance and resilience during times of crisis. One of the key factors contributing to the success of this activity has
been the investment in new technological solutions that enhance productivity while promoting a more efficient use of
production factors and natural resources. The current direction towards a healthier and more sustainable European food
system, as part of the European Green Deal, biodiversity strategies, and the 'Farm to Fork' approach. However, meeting
this challenge is only achievable through a solid foundation of knowledge, research, and skills, as outlined in the targets
of the Innovation Agenda for Agriculture 2030, aligned with the Digital Transition Action Plan. This plan focuses on
digital empowerment of individuals, digital transformation of companies, and digitization of the public sector.

The agricultural sector faces significant challenges in the digital transformation process, which can only be
overcome through collaborative efforts that identify threats and opportunities within the sector. It is essential to support
capacity building, entrepreneurship, and the adoption of new practices and processes on the ground to meet the
proposed goals.

This paper provides examples of the implementation of digitalization in agricultural activities and identify threats
and opportunities, as well as strengths and weaknesses of the current course of digital transition processes in the sector.
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Introduction

The farming tends to manage every factor of production in varying measures, treating small areas inside the lot as
separate surfaces. By doing so, the economic margin of crops can be increased, reducing the input of the technical
means. Furthermore, the environmental impact and the quantity of the production factors used, such as pesticides and
fertilizers, are significantly reduced (D’Antonio et al., 2015). There are many definitions for digital transition. In a
simple way it can be defined as the integration of digital technology into all areas of a business, fundamentally changing
how it operates and deliver value to customers, promoting efficiency, sustainability, and competitiveness. Through
digitalization, stakeholders can benefit from a more streamlined value chain, with closer collaboration and improved
communication between producers, processors, distributors, and retailers. From artificial intelligence and robotics to
the Internet of Things and 5G, the latest technologies can offer invaluable support for farmers and agribusinesses (EC,
2023; Zhang &Fan, 2023).

The quantity and quality of digital technologies available to farmers have advanced considerably since the 1990s —
when use of computer- and internet-based technologies for management of crop and livestock operations began to
develop. Many factors — including increases in computational power, faster internet and greater connectivity, declining
technology costs, and the rise of big data paired with advanced analytics — are driving the current wave of digitalization
(Kenney et al., 2020). Increased concerns about global food security have accelerated the need for next-generation
industrial farms and intensive production methods in agriculture. At the forefront of this modern agricultural era, digital
technologies offered by Industry 4.0 initiative are suggesting a myriad of creative solutions.

Three layers of actors are seen as being at the center of the digitalization of agriculture: farmers, technology
providers, and “intermediaries” (McFadden et al., 2022) such are university extension and government advisory agents,
science communicators and farm advisors, experts in digital technologies and a key instrument in modern farm
entrepreneurial management when responsive to farmers’ needs.

Although its importance the evidence from nationally representative surveys is not yet clear in many countries,
exception made too high to very-high income countries with relatively large agricultural sectors and advanced
infrastructure for carrying out complex surveying tasks (McFadden et al., 2022).

For Portugal the importance of digitization is as related to the importance of agricultural activity. In the 2019
Agricultural Census, the Used Agricultural Area increased by 8.1% compared to 2009, now occupying 3.9 million
hectares (43% of the territorial area). This is evident in the weight that the agri-food sector, including the agricultural
sector, holds in the national economy. Portugal ranks as the 41st largest global exporter in the agri-food industry and, in
2018, it accounted for 11.3% of the country's total exports. Although Mediterranean climate and natural edaphic
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conditions of the Portuguese territory are far to be considered to best to agriculture activity (Carvalho &Bash, 2008).
Apart from the Alentejo region, most of the territory have some of the lowest average farm size in Europe (< 10
hectares per exploration) and represents 2/3 of the average economic size, so digitization must be synonymous of
competitiveness.

Under this panorama digitization and precision agriculture technologies are often associated with mechanization,
particularly with the use of georeferenced data (from satellites, drones, sensors, etc.) that allow targeted and zone-
specific management and interventions (such as the application of fertilizers or pesticides, irrigation, seeding/planting,
etc.). Although it remains a marginal reality, with only 0.3% of farms reporting the availability of such data and 0.2%
performing differentiated cultural operations based on georeferenced data analysis, the areas and livestock associated
with these farms (and potentially benefiting from these technologies) are more substantial: 4.2% of the agricultural land
and 1.6% of the livestock belong to farms with access to this data (with 2.3% and 0.8%, respectively, stating its use for
defining cultural operations) (INE, 2021).

Portuguese case studies

There are many examples of the digital transition in the Portuguese Agriculture sector provided by the adoption of
precision agriculture technologies. Evidence shows examples related to soil and water monitoring, crop monitoring, and
livestock monitoring mainly that related to extensive livestock systems, and farm machinery management.

Soil and water monitoring is based in the adoption of geoelectric soil surveys to manage smart soil sampling
methodologies that properly define different soil management zones. On the contrary of the classic soil sampling
methodology that takes time and labour, geoelectric surveys using contact or induction sensors allow a fast and
objective picture of the arable and sub arable surfaces that easily can be sampled and correlated to different physic,
chemical or soil biological characteristics. This approach helps the farmer to mainly delineate and are support decision
to act in compaction areas, fertilization zones and irrigation rates (Figure 1). In question to irrigation rates, soil apparent
electrical conductivity is positively correlated with soil moisture and texture (Friedman, 2005) allowing the adequate
location of soil moisture sensors and so correcting irrigation rates. The digitization of the process become real by the
information at distance of the need of irrigation in a certain moment.

Figure 1. Geoelectric soil map where different classes of soil apparent electrical conductivity being related to soil
texture define the proper location of soil moisture sensors (https://mechsmartforages.ipportalegre.pt/)

Crop monitoring is based on the objective of crop spatial uniformity or segmented yield. Crop spatial uniformity is
adopted by commodities farmers, namely those that produce cereals and fodder crops. The importance of digitization is
based on the capacity of monitor the crop mainly by remote sensors so that it can be possible to correct vegetative
growth differences observed along the crop cycle. Different vegetative indices can be used. NDVI - Normalized
Difference Vegetation Index and NDWI - Normalized Difference Water Index are probably those with more generic
application in most crops and platforms (Figure 2).
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Figure 2. Sequence of a fodder crop evaluation using NDVI and NDWI by remote sensing in a plot of 30 ha
(https://mechsmartforages.ipportalegre.pt/)

The segmented approach is used in the gross valued that can be added to special crops by the differences found in
crop parameters and the different products that can be obtained. One example is precision viticulture where the maturity
of grapes is usually based on three parameters: sugar content, titratable acidity, and pH. All these parameters change
over time, and the rate at which they change depends on conditions during the growing season, and crop monitorization
defines different zones to different batches and so becoming possible different wine blends.

Digitization in livestock is increasing among ruminant extensive systems due to the adoption of GNSS collars in
cattle that provide the opportunity to build geofences and obtain data from location, transects and daily activity or even
body parameters such is thermal comfort. Once again, the digitization is provided by the information at the status of the
animals and or alarms detected to faster decide in an emergence. The combination with drones, depending on the type
of sensor RGB or multispectral is also adopted to faster find lost animals, look for their behaviour or simply evaluate
the biomass under pasture.

Figure 3. Location and status of a livestock group using GNSS devices (https://isomapforragem.ipportalegre.pt/)

Farm machinery management is seen as the decision-making process by farmers or machine service providers,
primarily concerning resource allocation, scheduling, routing, and vehicle and material monitoring. This management
also involves overseeing the use and maintenance of machinery and associated administrative functions, including task
coordination and information dissemination (Sorensen & Bochtis, 2009). The adoption of telemetry systems is
becoming more frequently among the Portuguese farmers due to new available technological platforms available form
tractors brands and outsourcing services. Once again, the aim is to provide in real time information of what is happening
in a certain moment so it can be accepted or correct it to optimize machinery yield (Figure 4).
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Figure 4. Operating principle of a telematics platform used in the management of agricultural machinery fleet (Silva,
2021).

Opportunities and constraints

The digitisation and new technologies will help ensure the modernisation of the Common Agricultural Policy
(CAP), which is of crucial importance in enhancing the long-term competitiveness, sustainability, and resilience of the
primary sector of the European Union. It is noteworthy that the increased use of digital technologies will have a positive
impact on the quality of life in rural areas and is expected to attract a younger generation to engage in agricultural and
rural entrepreneurship (GPP, 2019). Strategies are implemented in such a way that information is never isolated but
always interconnected with various sources of data (e.g., public data, operational business data, meteorological data,
machine data, sensor data). The aim is to enhance resource efficiency to achieve sustainable food production, known as
'sustainable intensification,’ which can be based on further development of Precision Agriculture for Smart Farming
(Balafoutis et al., 2017). In any case of the present examples data can be send at distance, alarms may be created, and in
same platforms decision support is possible to give to the farmer so that he can implement a fast and accuracy solution
for what is detected in the moment. Platforms are open or contracting depending on the quantity of options available.
Digital transition with the automation processes, traceability and blockchain become possible a more transparent and
proximity between farmers and consumers.

On the other hand, predictive models must be improved in many cases and constraints such the farm scale capacity
to the adoption of digital tools, tradition vs acceptance, the average age of the farmer and low digital skills, price and
data interoperability, rural broadband, cyber security, and data ownership must be taking in account to implement
digitization processes in a more fast and efficient way.

Conclusions

Digital transition in the agriculture sector in Portugal is in practice by different crop and livestock farmers upon the
difficulties that still must be solved in the shorter time as possible. Digitization is an important competitiveness factor to
the Agricultural Portuguese due to natural and physical constraints and the need of a more transparent and proximity
from the farmer to the consumer, developing new skills among the young generations in the rural areas and so going
through the present CAP aims.
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