
INTERNATIONAL SCIENTIFIC CONFERENCE "Modern Paradigms in the Development of 
the National and World Economy", 17th Edition  

30 

CZU:  338.43:502.131.2:004 https://doi.org/10.59295/mpdnwe2024.03 

MODERN PARADIGMS IN AGRICULTURAL DEVELOPMENT: INNOVATION, 

SUSTAINABILITY AND DIGITAL TRANSFORMATION 

IGNAT Gabriela 
University of Life Sciences “Ion Ionescu de la Brad”, Iasi, Romania, 

gabriela.ignat@iuls.ro 

ORCID: 0000-0003-1184-4172 

Lilia ȘARGU 

Institutul Național de Cercetări Economice , Chișinău, Republica Moldova ; 

lsargu@mail.ru 

ORCID : 0000-0001-7495-0656 

Ioan PRIGOREANU 

University of Life Sciences “Ion Ionescu de la Brad”, Iasi, Romania, 

ioan.prigoreanu@iuls.ro 

ORCID: 0000-0002-1106-9359 

Purpose of the article: In recent years, modern paradigms in the development of national and global 

economies have focused on integrating technological innovation, sustainability and digitization into traditional 

economic models. Key trends shaping these paradigms include the shift to green economies, driven by 

environmental challenges such as climate change and resource scarcity, and at the global level, the growth of 

interconnected markets through globalization and the digital economy has transformed patterns of production, 

consumption and trade.  

Originality: For agriculture, these paradigms emphasize innovation such as precision agriculture, 

bioengineering and the use of artificial intelligence and data analytics to increase productivity while reducing 

environmental impacts. The move towards sustainable and resilient agricultural practices reflects a broader global 

commitment to achieve food security and address climate risks. National economies are also adapting to these 

changes by promoting policies that support renewable energy, circular economies and digital transformation, 

ensuring that growth is aligned with social and environmental objectives.  

This approach creates new opportunities for economic diversification and boosts resilience in the face of 

global challenges such as economic instability and environmental degradation. 
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Introduction 

As the agricultural sector adapts to changing demands and pursues competitiveness, the adoption 

of innovative digital technologies in a sustainable way becomes an important aspect of the modernization 

process. Responsible digital transformation implies the careful integration of digital technologies into 

farming activities, taking into account their environmental, social and economic impacts. A sustainable 

approach to digital technology in agriculture implies reducing the carbon footprint, optimizing resource 

consumption and efficiently managing technological waste. At the same time, social implications such 

as data protection, digital inclusion and technological literacy of the workforce need to be addressed 

(Dayıoğlu and Turker, 2021). By adopting these practices, the agricultural sector can achieve operational 

efficiencies, reduce costs and contribute to global sustainable development goals, while improving social 

welfare and protecting the environment.In today’s era of rapid innovation, digital technologies are 

becoming the foundation for change in agriculture, supporting both productivity and sustainability in this 

vital sector. Organizations that adopt these technologies can increase operational efficiency and generate 

https://doi.org/10.59295/mpdnwe2024.03
mailto:gabriela.ignat@iuls
mailto:ioan.prigoreanu@iuls


INTERNATIONAL SCIENTIFIC CONFERENCE "Modern Paradigms in the Development of 
the National and World Economy", 17th Edition  

 

31 
 

new sources of income, thereby adapting to market demands and contributing to a sustainable future for 

agriculture (Koerner et al., 2020). 

The development of modern agriculture has been influenced by numerous technological and 

industrial changes. Today, the agricultural sector operates in an environment marked by volatility, 

uncertainty, complexity and ambiguity, all of which drive the phenomenon of digital transformation 

(DT). The study of Pihir et al., examined the relationship between sustainability and DT in the corporate 

sector and revealed that digital transformation can act as a catalyst for sustainability in agriculture (Pihir 

et al., 2018). To adapt to this transformation context, agricultural businesses need to develop their digital 

competencies and carefully manage the economic, environmental and social impacts of the technologies 

deployed. In addition, the increased use of information and communication technologies (ICT) in 

agriculture raises environmental sustainability challenges that need to be addressed through appropriate 

policies. According to research of Șargu et al., policies implemented in different regions emphasize the 

benefits of technology, but require further clarification to address long-term environmental impacts in 

the agricultural context (Șargu et al., 2023). 

Digital transformation is bringing significant changes to agriculture, forcing the sector to adopt 

new strategies to cope with the changes and remain competitive. The digitization of agriculture means 

not only automating processes, but also adopting innovative business models to ensure long-term 

sustainability. The study of Koerner et al., demonstrated that sustainability strategy plays a crucial role 

in the link between financial performance and adoption of digital technologies in agriculture. However, 

when applying a sustainability strategy, operational capacity can have a negative effect on financial 

performance. This emphasizes the need for well-designed strategies to balance digital innovation with 

sustainable practices, especially in the agricultural sector where natural resources are critical (Koerner et 

al., 2020). 

Information and Communication Technologies (ICTs) play a fundamental role in the digital 

transformation of agriculture, offering significant opportunities to increase productivity and improve 

sustainability. According to the study of Nikolidakis et al., the implementation of digital transformation 

in agriculture requires a systematic approach with four key themes for adoption, including changing 

business models and integrating new digital technologies (Nikolidakis et al., 2015). The study of Abiri 

et al., emphasized that digitization is essential for achieving the UN Sustainable Development Goals 

(SDGs), with the potential to address the economic and environmental challenges in agriculture. Their 

study identified seven key concepts, such as digital innovation and digital entrepreneurship, that can 

redefine the future of agriculture by integrating innovative digital technologies (Abiri et al., 2023). 

We live in a time where cutting-edge digital technologies such as Big Data, artificial intelligence, 

robotics, virtual and augmented reality, the Internet of Things (IoT), Blockchain, and biotechnologies 

have become indispensable in all aspects of life, including agriculture. These technologies are no longer 

considered new innovations, but essential solutions that we must skillfully manage to address current 

global challenges such as climate change, global warming, and economic crises. In agriculture, these 

challenges directly affect economic, social and environmental sustainability, putting pressure on 

agricultural producers to adopt innovative practices that reduce risks and ensure the continuity of farming 

businesses (Ignat et al., 2023). 

One of the fundamental priorities for ensuring the sustainability of the global economy, including 

agriculture, is to maintain stability and prevent economic crises and cyclical fluctuations. Another 

priority is to maintain a balance between rapid economic growth and environmental protection, so that 

economic development does not compromise natural resources and underpins the long-term 

sustainability objectives of agriculture. Digital transformation in agriculture plays a critical role in 

achieving these goals, as it helps to optimize processes and increase productivity while reducing negative 

environmental impacts and ensuring social sustainability (Prigoreanu, 2024). 
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Digital transformation in agriculture goes beyond improving operational efficiency. It contributes 

significantly to social and economic development by creating new jobs and business opportunities in 

rural areas. It also provides access to technologies that can improve the quality of life in these regions. 

Thus, by integrating digital solutions, agriculture can become an engine for sustainable development, 

capable of responding to current and future challenges related to food security, climate change and global 

population growth. 

According to the Food and Agriculture Organization (FAO), by 2050 the global population will 

reach around 10 billion, which will significantly increase the demand for food. This calls for a smarter 

approach to agriculture based on innovative digital technologies. Technologies such as precision farming, 

process automation, data collection and analysis are already being deployed to increase productivity and 

improve sustainability. Automation and the use of cyber-physical systems allow better management of 

natural resources such as water and energy, and help reduce environmental impacts through more 

efficient use of pesticides and other agricultural inputs (Arvanitis & Symeonaki, 2020).  

  

Materials and methods 

The study utilizes a range of literature resources and secondary data, including recent scientific 

articles, international reports, and case studies that explore digital transformation, technological 

innovations, and sustainable practices in agriculture. The main resources reviewed include studies that 

investigate the relationship between sustainability and digital transformation, as well as other research 

examining the impact of renewable energy, circular economy, and digitization policies on agricultural 

productivity. Secondary sources also include data from reports by the Food and Agriculture Organization 

(FAO) and other international bodies relevant to the agricultural sector. 

The study makes a systematic review of existing literature, 32ecarbong research and reports that 

explore digitalization and sustainability trends in agriculture. This analysis aims to identify and 

synthesize the main concepts, trends and challenges in the digital transformation of agriculture, such as 

precision agriculture, bioengineering, and the use of artificial intelligence.The study includes a 

comparative assessment of sustainability and digitalization policies in different regions to identify 

effective practices and propose relevant recommendations. Case studies are analyzed to understand how 

national and regional economies support the adoption of digital technologies and the implementation of 

circular economy practices. 

A comparative analysis of the economic and environmental impacts of digital transformation on 

the agricultural sector is carried out, based on metrics such as productivity, resource use, carbon footprint, 

and operational efficiency. The studies reviewed contribute to assessing how digitization and green 

technologies can improve the economic resilience of agriculture while supporting sustainability 

objectives. To analyze the contribution of digital technologies to agricultural sustainability, the study 

focused on identifying and assessing the main emerging technologies and their impact on economic, 

environmental and social sustainability in the agricultural sector. The research was based on a methodical 

literature review, complemented by case studies and statistical analysis on the use of digital technologies 

in agriculture. 

 

Results and discussions 

The introduction of digital technologies in the agricultural sector marked the beginning of the 

fourth agricultural revolution, known as Agriculture 4.0. This concept, derived from “Industry 4.0”, 

refers to the integration of digital technologies into the agricultural value chain with the aim of improving 

relationships between organizations, customers and other stakeholders, thereby facilitating operational 

efficiency and sustainability (Butnariu, 2014; Nikolidakis et al., 2015). Within this modern paradigm, 
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precision agriculture and smart agriculture are considered essential components, both of which are based 

on the extensive use of data and automated solutions to optimize agricultural processes. 

The ecarbonn of digital technologies, such as Big Data, the internet of Things (IoT), artificial 

intelligence (AI) and robotics, has fundamentally transformed the way farming activities are carried out. 

Farming 4.0 has brought with it a profound digitization of agricultural processes, enabling better 

monitoring and control of all aspects of production. This not only improves productivity, but contributes 

significantly to achieving economic, environmental and social sustainability goals . For example, by 

monitoring resources and crop condition in real time, farmers can optimize the use of water and 

pesticides, thereby reducing environmental impacts (Butu et al., 2020). 

Precision agriculture is a clear example of how digitization can support sustainability. By using 

data collected from multiple sources – including soil sensors, drones and satellite imagery – farmers can 

make decisions based on accurate data, customized for each plot of land. This approach helps to reduce 

the risks of resource overuse and, in turn, protect ecosystems (Prigoreanu et al, 2023). Although 

Agriculture 4.0 brings many advantages, its implementation is still a complex process with various 

challenges. One of the major problems is the lack of adequate technological infrastructure in many rural 

areas, also the interoperability between different digital systems and agricultural technologies is 

underdeveloped, which complicates the integration and efficient use of data (Ciruela-Lorenzo et al., 

2020; Flak, 2020). Another obstacle is the low attractiveness of agriculture in society. The agricultural 

sector is often perceived as outdated and unattractive, which hinders the recruitment of a new generation 

of farmers and professionals willing to embrace digital technologies (Sott et al., 2020). However, the 

potential of agriculture to become a key driver of economic, social and environmental sustainability 

cannot be ignored. Agriculture should no longer be seen merely as a sector that needs to be adapted to 

become sustainable, but as a backbone of global sustainability. 

The deployment of precision agriculture and innovative technologies such as cyber-physical 

systems and process automation has a direct impact on the sustainability of agriculture. In the future, 

smart agriculture could make the agricultural sector more competitive and attractive in the market, 

creating new jobs and business opportunities, for example, precision systems can help control pesticides 

and reduce water consumption, thus contributing to environmental sustainability (Kusnandar et al., 

2023). 

Digital technologies will play a key role in transforming rural areas and improving the quality of 

life in poor regions. In this sense, the digital transformation of agriculture can contribute to social and 

economic development, providing an opportunity for agriculture to become more inclusive and 

innovative. Digital data is recognized as a major resource for increasing agricultural productivity. In the 

context of precision agriculture, the collection, processing and analysis of large volumes of data are 

essential to optimize decisions related to planting, irrigation and application of agricultural inputs. This 

information helps to increase operational efficiency and reduce risks associated with external factors 

such as climate change and market volatility (Qin et al., 2022). The digital transformation of agriculture, 

within the concept of Industry 4.0, has brought major changes by integrating cyber-physical systems, 

Internet of Things (IoT), artificial intelligence (AI), machine learning, big data and cloud technology into 

agricultural processes. These advanced technologies are used to optimize agricultural production and 

improve sustainability. Cyber-physical systems are essential in developing innovative solutions for 

monitoring and managing agricultural processes, while IoT, through sensors and cloud computing, is 

used to monitor soil parameters and weather conditions. Thus, smart solutions for irrigation, insect attack 

monitoring and efficient use of pesticides are implemented (Zhao, 2019; Șargu & Prigoreanu, 2024). 

The adoption of digital technologies in agriculture has led to significant changes in the way farmers 

run their businesses. New digital business models allow farmers to increase production, optimize 

resource consumption – including labour – and improve both the quality and quantity of output, 
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according to the specificities of each farm. Among the most widely used technologies are object 

identification, georeferencing, measurement of physical and chemical parameters, satellite navigation, 

process automation and autonomous driving of agricultural vehicles (Shamin et al., 2019). Digital 

technologies have a wide range of applicability in agriculture, covering various activities such as 

greenhouse management using sensors, increasing energy efficiency, observing crop phenological 

phases, detecting insects and diseases, production chain traceability, irrigation planning and plant growth 

optimization. Farmland monitoring and management are also being optimized using sensors and IoT 

technologies (Song X.H., 2022). 

In the coming years, digital technologies are expected to contribute to agricultural sustainability 

through the use of innovative solutions such as blockchain, to increase transparency and food security, 

as well as advanced genetics, vertical farms, biotechnologies (microbiome management and soil 

biological agents) and alternative food (cultured meat and meat and dairy replacement protein). 3D 

printing technology could enable the production of plant-based foods and substitutes, contributing to a 

more sustainable agriculture and reducing environmental impacts (Zhang, 2021). The adoption of these 

technologies will not only support the development of new businesses and services, but will also have a 

significant impact on environmental sustainability by optimizing resource consumption and reducing 

waste and carbon emissions in the agricultural sector. 

Digital transformation in agriculture involves five key determinants by which digital maturity can 

be assessed: strategic orientation, customer centricity, ICT and process infrastructure, talent and capacity 

building, innovation and organizational culture (Trivelli et al.,2019; Yahya, 2018). Digital technologies 

are having a profound impact on the global economy and society, changing business models and forcing 

agribusinesses to adopt new digital strategies. This calls for the preparation and implementation of digital 

strategies designed to address both the challenges posed by new technologies and emerging disruptive 

threats. It is also essential to adopt an organizational culture and innovative initiatives that leverage digital 

technologies to gain competitive advantage. Potential benefits include increased sales, productivity and 

greater customer focus, all of which lead to innovations in value creation or new forms of customer 

interaction (Zhao C.J. (2021). 

Digital transformation is inevitable for any agricultural business that wants to evolve, increase in 

quality and ensure long-term sustainability (Ignat et al., 2023; Koerner et al., 2020). However, risks and 

uncertainties are increasing and climate change, limited resource availability and market instability are 

affecting the decision-making capacity of both farmers and policy makers (Dayıoğlu and Turker, 2021). 

These changing trends mark the beginning of a new era in which digital technologies exceed human 

capabilities even in complex tasks, such as communication or pattern recognition in uncertain or 

changing environments, tasks that previously seemed impossible to automate (Arvanitis & Symeonaki, 

2020; Butnariu, 2014; Nikolidakis et al., 2015; Butu et al., 2020). 

To date, the focus in agriculture has been mainly on operational feasibility, and the goals of 

economic, environmental and social sustainability have often been in conflict. This imbalance has led to 

social expectations not being met and limited progress towards sustainable agriculture. Nowadays, due 

to government investment and action, it is crucial to develop adequate infrastructure, raise environmental 

awareness and educate the population on the issue. A key challenge for agriculture towards sustainable 

development is to ensure more efficient agricultural processes at lower costs while providing safer and 

more environmentally friendly working conditions for both farmers and other actors involved in the value 

chain. 

Economic viability in agriculture implies efficient management of income and expenditure. In 

many cases, farmers face additional costs, such as purchasing software or smart applications. However, 

service providers can help subsidize these solutions, helping to increase sustainability and improve a 

level playing field.Sustainable development in agriculture involves the simultaneous integration of 
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economic, environmental and social aspects, and the circular economy is a new business model that can 

harmonize these aspects. For the period 2021-2027, the European Commission has proposed an 

agricultural policy based on nine main objectives, including ensuring a fair income for farmers, 

increasing competitiveness, action to combat climate change and protect the environment, preserving 

biodiversity and supporting rural areas. These objectives provide a framework for the development of 

strategic plans that support the digital transformation of agriculture, emphasizing social, environmental 

and economic issues, and highlighting the need for an agricultural sector that promotes sustainability 

(Șargu & Prigoreanu, 2024). 

Social sustainability in agriculture means ensuring food security and access to food for all species, 

involving the production of healthy and safe food for the population. Another important aspect is 

ecological sustainability, which includes environmental protection and biodiversity conservation. 

Agriculture has a central role in these efforts and requires the development of technological solutions 

that intelligently manage agricultural production by reducing the use of pesticides, herbicides and 

fertilizers, reducing emissions and adopting environmentally friendly practices. 

Ultimately, economic sustainability is closely linked to the viability of farms and their ability to 

generate income and profits. In the current context, farms are under pressure to produce on a large scale 

in order to survive economically. A major obstacle is the low price of agricultural products on the market, 

which puts farmers in an uncompetitive position globally, preventing them from earning sustainable 

incomes. 

The future of agriculture will be marked by the sustainability of the entire supply chain, where the 

main focus will be on the development, implementation and adoption of digital solutions in all business 

processes. These solutions will help ensure high quality and safe food products while maintaining 

economic efficiency and environmental sustainability. Agriculture will play a crucial role in this process, 

promoting environmentally friendly and sustainable practices that respond to the global challenges of 

climate change and increasing demand for food. 

 

Conclusions 

1. The adoption of digital technologies is essential for agriculture to respond to global challenges 

and to ensure economic, environmental and social sustainability, thus digital transformation enhances 

the competitiveness of farms, contributing significantly to the sustainable development of rural 

communities and to the protection of the environment. 

2. Digitalized agriculture plays an important role in achieving several UN Sustainable 

Development Goals, including decent work and economic growth, responsible consumption and 

production, innovation and climate action, and Agriculture 4.0 and precision agriculture offer innovative 

solutions that support a sustainable future. 

3. For the digital transformation in agriculture to be successful, adequate infrastructure and 

effective integration of digital data along the agricultural value chain is needed, this ensures better 

resource management and increased competitiveness of the agricultural sector. 

4. The development of sustainable agriculture will depend on the adoption of digital 

technologies, the promotion of sustainable practices and the implementation of supportive policies. These 

policies will facilitate collaboration between stakeholders and the dissemination of knowledge, thereby 

strengthening a resilient and competitive agricultural ecosystem in the long term. 
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