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A B S T R A C T

This study explores key factors influencing Agriculture 
5.0 adoption in Serbia, focusing on investment trends, 
government R&D funding, IoT adoption, and rural 
internet penetration. Data and literature analysis reveals 
that domestic investment and R&D spending drive digital 
transformation, and foreign investment remains volatile. 
IoT and internet expansion support smart farming but 
require further investment. Policy recommendations 
include strengthening digital infrastructure and increasing 
support for agricultural innovation. Future research should 
examine long-term investment impacts and sustainability 
benefits to improve Serbia’s transition to digital agriculture.  
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Introduction

Agriculture has experienced significant transformations over the centuries, evolving 
from manual labor-intensive practices to the integration of advanced technologies. 
Agriculture 5.0 signifies a paradigm shift towards the adoption of advanced tools such 
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as artificial intelligence (AI), the Internet of Things (IoT), and robotics (Morchid et al., 
2024; Munir & Elahi, 2023). This evolution aims to improve productivity, sustainability, 
and resilience in the agricultural sector. The progression to Agriculture 5.0 builds on 
previous agricultural revolutions. The initial phase involved the mechanization of 
agriculture, introducing machinery that reduced the reliance on human and animal 
labor. Previous phases saw the introduction of chemical fertilizers and pesticides, 
followed by the Green Revolution, which brought high-yield crop varieties and 
advanced irrigation techniques (Widianto & Juarto, 2023). Agriculture 4.0 introduced 
digital technologies, including precision farming and data analytics, enabling farmers 
to make informed decisions based on real-time data. Agriculture 5.0 extends this digital 
transformation by integrating AI, IoT, and robotics to create intelligent farming systems 
that can autonomously monitor, analyze, and manage agricultural processes (Bissadu et 
al., 2024; Fountas et al., 2024).

Artificial intelligence plays an important role in modern farming by enabling the analysis 
of vast datasets to inform decision-making. Machine learning algorithms can predict 
weather patterns, identify pest infestations, and recommend optimal planting times, 
thereby reducing uncertainties associated with farming (Juwono et al., 2023; Mesías-
Ruiz et al., 2023).  AI-driven models can analyze soil health and suggest precise fertilizer 
applications, enhancing crop yields but minimizing environmental impact. Additionally, 
AI supports the development of autonomous machinery capable of performing tasks 
such as planting, weeding, and harvesting with high precision, reducing labor costs and 
increasing efficiency (Holzinger et al., 2024). The Internet of Things further improves 
agricultural productivity by connecting various devices and sensors throughout the 
farm. IoT devices monitor soil moisture levels, temperature, humidity, and crop health in 
real-time, transmitting data to centralized systems for analysis. This connectivity allows 
for the implementation of precision agriculture techniques, where inputs like water and 
fertilizers are applied variably across a field based on specific needs, optimizing resource 
use and minimizing waste (Martos et al., 2021; Victor et al., 2024). For example, 
soil moisture sensors can trigger automated irrigation systems only when necessary, 
conserving water and promoting sustainable practices.

Robotics complements AI and IoT by automating labor-intensive tasks, addressing 
challenges such as labor shortages and the need for increased efficiency. Agricultural 
robots, or agribots, are designed to perform a variety of functions, including planting 
seeds, applying pesticides, and harvesting crops (Demircioglu et al., 2023). These 
robots operate with high accuracy, reducing damage to plants and ensuring uniformity 
in operations. The use of robotics not only improves productivity but also allows 
farmers to focus on more strategic aspects of farm management. The integration 
of these advanced technologies contributes significantly to the sustainability and 
circularity of agricultural practices. Through utilizing AI, IoT, and robotics, farmers 
can optimize input usage, reducing the over-application of fertilizers and pesticides, 
which in turn minimizes runoff and environmental pollution (de la Parte et al., 2024). 
Precision agriculture techniques ensure that resources are used efficiently, promoting 
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soil health and biodiversity. The data collected through these technologies enable 
continuous monitoring and improvement of farming practices, supporting a culture of 
sustainability and resilience against climate change (Imade et al., 2024). The noted 
technologies are important for improving competitiveness (Bakator et al., 2019). This 
can further manifest in the development of agro-tourism (Cvijanović, 2020; Đoković 
et al., 2017). The implementation and application of these technologies often require 
standards and certification programs that support the changes in the industry (Ćoćkalo 
et al., 2019). Futhermore, this can lead to increased export of agricultural foods and 
products which contributes to economic growth (Đurić et al., 2017).

The paper consists of the following sections: Introduction section, and then the 
theoretical background is provided. Next, the methodology is presented. Afterwards, 
the results are noted. Then the Discussion section addresses recommendations to 
improve Agriculture 5.0 potential in Serbia. Finally, Conclusions are drawn and ideas 
and guidelines for future research are noted.

Theoretical background on Agriculture 5.0 and advanced technologies

In 2016, agriculture has undergone significant transformations, evolving from traditional 
practices to the integration of advanced technologies, culminating in what is now 
referred to as Agriculture 5.0 (Aggarwal et al., 2024; Mishra et al., 2024). This latest 
phase emphasizes the use of artificial intelligence (AI), the Internet of Things (IoT), and 
robotics to improve efficiency, sustainability, and productivity in farming. Agriculture 
5.0 reflects a series of technological advancements. Initially, agriculture relied heavily on 
manual labor and rudimentary tools. The advent of the Industrial Revolution introduced 
mechanization, with machinery such as tractors reducing the dependence on human and 
animal labor. This mechanization marked the first significant shift, enabling farmers to 
cultivate larger areas with increased efficiency (Haloui et al., 2024). 

Agriculture 5.0 integrates digital technologies to create intelligent farming systems. 
AI plays a central role in this transformation, enabling the analysis of vast datasets 
to inform decision-making processes. Machine learning algorithms can predict 
weather patterns, assess soil health, and identify pest infestations, allowing for timely 
interventions (Polymeni et al., 2023; Tiwari et al., 2021). AI-driven models can 
analyze satellite imagery to monitor crop health, providing farmers with actionable 
insights to improve yields and reduce resource wastage (Siddharth et al., 2021). The 
IoT further amplifies the capabilities of modern agriculture by connecting various 
devices and sensors across the farm. These IoT-enabled devices collect real-time data 
on soil moisture, temperature, humidity, and crop growth (Singh & Sobti, 2022). This 
continuous stream of information allows for precise monitoring and management of 
agricultural processes. Soil moisture sensors can trigger automated irrigation systems, 
ensuring that crops receive optimal water levels, thereby conserving water resources 
and promoting sustainable practices (Das et al., 2024; Sharma et al., 2024).
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Robotics complements AI and IoT by automating labor-intensive tasks, addressing 
challenges such as labor shortages and the need for increased efficiency (Ragazou et 
al., 2022; Razak et al., 2024). Modern agricultural robots, or agribots, are designed to 
perform a variety of functions, including planting, weeding, and harvesting. Equipped 
with advanced sensors and AI capabilities, these robots can navigate fields autonomously, 
identifying and tending to individual plants as needed (Ayranci & Erkmen, 2024). 
Autonomous weeding robots can distinguish between crops and weeds, removing 
unwanted plants without the need for chemical herbicides, thus promoting environmental 
sustainability. IoT amplifies the capabilities of modern agriculture by connecting various 
devices and sensors across the farm (Kalpana et al., 2024; Pandrea et al., 2023). These 
IoT-enabled devices collect real-time data on soil moisture, temperature, humidity, and 
crop growth. This continuous stream of information allows for precise monitoring and 
management of agricultural processes. For instance, soil moisture sensors can trigger 
automated irrigation systems, ensuring that crops receive optimal water levels, thereby 
conserving water resources and promoting sustainable practices. 

Robotics complements AI and IoT by automating labor-intensive tasks, addressing 
challenges such as labor shortages and the need for increased efficiency (Catala-
Roman et al., 2024). Modern agricultural robots, or agribots, are designed to perform a 
variety of functions, including planting seeds, applying pesticides, and harvesting crops 
(Sivagami et al., 2024). Equipped with advanced sensors and AI capabilities, these 
robots can navigate fields autonomously, identifying and tending to individual plants 
as needed. For example, autonomous weeding robots can distinguish between crops 
and weeds, removing unwanted plants without the need for chemical herbicides, thus 
promoting environmental sustainability. 

The integration of these technologies not only improves productivity but also contributes 
to environmental conservation. Precision farming techniques enabled by AI and IoT 
reduce the over-application of fertilizers and pesticides, minimizing runoff into water 
bodies and preserving soil health (Mohan et al., 2023). The data collected through these 
technologies facilitate traceability in the food supply chain, ensuring food safety and 
quality. Consumers can access information about the origin and cultivation practices of 
their food, supporting transparency and trust in the agricultural system.

The integration of these technologies not only improves productivity but also 
contributes to environmental conservation. Precision farming techniques enabled 
by AI and IoT reduce the over-application of fertilizers and pesticides, minimizing 
runoff into water bodies and preserving soil health. The data collected through these 
technologies facilitate traceability in the food supply chain, ensuring food safety and 
quality. Consumers can access information about the origin and cultivation practices of 
their food, supporting transparency and trust in the agricultural system. The adoption 
of digital agriculture practices has been shown to improve on-farm efficiency, with 
precision technologies enabling variable-rate application of inputs, thereby reducing 
costs and environmental impact.



http://ea.bg.ac.rs 603

Economics of Agriculture, Year 72, No. 2, 2025, (pp. 599-616), Belgrade

However, the adoption of Agriculture 5.0 technologies is not without challenges. 
Smallholder farmers may face barriers due to the high initial investment costs and 
the need for technical expertise to operate advanced machinery and interpret data. 
Additionally, concerns about data privacy and the digital divide between technologically 
advanced and developing regions pose significant hurdles. Addressing these challenges 
requires collaborative efforts from governments, technology providers, and the 
agricultural community to develop affordable solutions and provide training to farmers.

Materials and methods

The research framework for this study follows four main phases. The first phase involved 
collecting relevant literature and data sources necessary to establish a theoretical 
background. Literature sources were obtained through international databases, 
institutional repositories, and publicly available reports (FAO, 2024; RZSS, 2024). The 
theoretical foundation was built on existing studies in the fields of Agriculture 5.0, 
digital transformation in agribusiness, sustainable farming practices, and technological 
innovations in precision agriculture.

The second phase focused on analyzing key economic, technological, and policy-
driven indicators that influence the adoption of digital farming solutions. The study 
examined the impact of foreign direct investment (FDI), domestic capital investment, 
government R&D spending in agriculture, internet penetration in rural areas, and the 
adoption of IoT technologies in smart farming.

The third phase comprised the statistical analysis of investment trends and economic 
indicators affecting Agriculture 5.0. A linear regression model was developed to 
quantify the impact of various investment factors on the Agriculture 5.0 potential index 
(Agri5_Index). The model incorporated FDI, gross fixed capital formation (GFCF), 
government R&D expenditure, IoT adoption rate, and rural internet penetration as 
independent variables.

The fourth phase involved deriving policy recommendations and guidelines for 
enhancing Agriculture 5.0 adoption in Serbia. Based on the regression findings 
and literature review, recommendations were formulated to support smart farming 
innovations, strengthen digital infrastructure, and improve agricultural sustainability 
through precision technologies.

The study utilized data from multiple sources, including the Food and Agriculture 
Organization (FAO), the Statistical Office of the Republic of Serbia (SORS), and external 
reports on agribusiness investment trends. The dataset covered the period from 2019 to 
2022, providing insights into the evolution of agricultural investments and technology 
adoption in Serbia. Key economic and technological indicators analyzed included:

•	 Foreign direct investment in agriculture (FDI_Agri)

•	 Gross fixed capital formation in agriculture (GFCF_Agri)



604 http://ea.bg.ac.rs

Economics of Agriculture, Year 72, No. 2, 2025, (pp. 599-616), Belgrade

•	 Government R&D expenditure on agriculture (R&D_Agri_Exp)

•	 Rural internet penetration rate (Rural_Internet_Penetration)

These indicators were selected based on their relevance in assessing the digital 
transformation of Serbia’s agricultural sector. Data were extracted and processed using 
spreadsheet software to facilitate statistical analysis. The model was calibrated using 
empirical data from 2020 to 2022. The regression findings provided insights into how 
different investment strategies contribute to Agriculture 5.0 readiness in Serbia. Based 
on the research objectives and methodology, the following hypotheses were formulated:

•	 H1: Higher levels of foreign and domestic investment positively impact the 
digital transformation of agriculture.

•	 H2: Increased government R&D spending in agriculture accelerates the 
adoption of smart farming technologies.

•	 H3: Higher IoT adoption rates significantly contribute to the development of 
precision agriculture.

Results

The results of the assessment of Serbia’s Agriculture 5.0 development potential was 
based on various economic, investment, and technological indicators. The assessment 
focused on six key factors affecting Agriculture 5.0 potential:

•	 Foreign direct investment in agriculture (FDI_Agri) – measures the external 
capital flow into the agricultural sector.

•	 Gross fixed capital formation in agriculture (GFCF_Agri) – represents domestic 
investment in agricultural assets, modernization, and mechanization.

•	 Government R&D spending in agriculture (R&D_Agri_Exp) – an important 
determinant of innovation, smart farming technologies, and digital 
transformation.

•	 Internet penetration in rural areas (Rural_Internet_Penetration) – serves as a 
prerequisite for IoT adoption and digital farming.

The dataset was compiled from multiple sources, including FAO databases, national 
statistical reports, and external research findings. The extracted dataset includes 
investment trends (both foreign and domestic), agriculture’s share in the economy, and 
government spending. The dataset covers the period 2019-2022 (this is the latest data), 
with emphasis on available investment-related indicators. Key findings are (FAO, 
2024; RZSS, 2024):

•	 FDI in Agriculture (FDI_Agri) fluctuated significantly: peaking at 216 million 
EUR in 2020, dropping to 167 million EUR in 2021, and further declining to 
21 million EUR in 2022.
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•	 Domestic investment (GFCF_Agri) steadily increased, reaching 1,301 million 
EUR in 2022, suggesting a stronger reliance on local capital for modernization.

•	 Internet penetration (Rural_Internet_Penetration) in rural areas reached 83% in 
2023, showing a solid foundation for smart farming expansion.

•	 Government R&D (R&D_Agri_Exp) spending on agriculture remains unclear, 
though total R&D expenditure reached 77 billion RSD (0.95% of GDP).

The main limitation in data preparation was the lack of direct agricultural technology 
indicators, requiring indirect measures.

The analysis reveals two contrasting trends:

1.	 Foreign investment (FDI_Agri) is volatile and declining, indicating a reduced 
external interest in Serbia’s agriculture.

2.	 Domestic investment (GFCF_Agri) is steadily growing, showing a government-
driven push for modernization.

The correlation analysis found a strong negative relationship (-0.757) between FDI 
and GFCF, suggesting that when foreign investment declines, domestic investment 
increases to compensate. This indicates a substitution effect rather than a complementary 
relationship. Additionally, rural internet penetration has grown to 83%, which supports 
future digital agriculture expansion. However, the IoT adoption rate is still unclear, 
limiting direct insights into smart farming progress.

A linear regression model was constructed to quantify the impact of investment factors 
on Agriculture 5.0 potential. Since a direct Agriculture 5.0 index does not exist, a 
synthetic dependent variable (Agri5_Index) was generated based on a weighted 
combination of FDI, GFCF, and other known factors.

•	 β0 ​= 326.06 (intercept of the regression model)

•	 β1= 0.0942 (intercept FDI)

•	 β2= 0.3794 (intercept for GFCF)

•	 β3 ​=2.5 estimated (R&D in agriculture has a high impact on digital farming 
innovation)

•	 β4=3.0 estimated (IoT adoption rate has an even greater effect on smart 
agriculture development).

•	 β5=1.5 estimated (Rural internet penetration has a moderate impact on the 
Agriculture 5.0 index).

The linear equation is: Agri5_Index_t = β₀ + β₁ * FDI_Agri_t + β₂ * GFCF_Agri_t + β₃ 
* R&D_Agri_Exp_t + β₄ * IoT_Adoption_Rate_t + β₅ * Rural_Internet_Penetration_t 
+ ε_t
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Based on the regression model, the Agri5_Index2020 is 888.14. The Agri5_Index2021 
is 972.59, and the Agri5_Index2022 is 982.11. The regression model suggests that 
Agricultural 5.0 potential is growing steadily from 888.14 in 2020 to 982.10 in 2022. 
Additionally, domestic investment (GFCF_Agri) has the strongest impact on Agriculture 
5.0 readiness. IoT adoption and rural internet expansion are key accelerators, adding 
significant predictive power to the index. Declining FDI (from 216M EUR in 2020 
to 21M EUR in 2022) weakens growth, but domestic investment compensates.  On 
Figure 1., the potential scenarios of further development of Agriculture 5.0 potential 
are presented.

Figure1. Agriculture 5.0 potential future outcomes (scenarios)
Scenario A:  In this scenario, Serbia undergoes a rapid transformation towards 

Source: Authors

Agriculture 5.0, driven by a combination of strong government policies, increased 
investment, digital infrastructure expansion, and high technology adoption rates. The key 
influencing factors include a significant increase in government funding for agricultural 
research and development plays an important role. Serbia allocates more than 1.5% of 
GDP to R&D, with a specific focus on agricultural digitalization, AI-driven farming 
solutions, and IoT-based smart monitoring systems. These investments stimulate 
innovation, enabling the deployment of automated irrigation, drone-based monitoring, 
and AI-powered predictive analytics for crop management. Government grants and 
subsidies encourage farmers to adopt precision farming technologies, reducing costs and 
improving productivity. Investor confidence in Serbia’s agriculture sector recovers and 
strengthens, with annual FDI inflows exceeding 250 million EUR. International agritech 
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companies establish partnerships with local farms, facilitating the transfer of modern 
machinery, AI-powered robotic harvesters, and big-data-driven farm management 
software. Increased FDI also supports the creation of agritech incubators, where startups 
develop machine-learning algorithms for yield prediction and blockchain-based food 
traceability solutions. IoT adoption in agriculture accelerates beyond 20% of farms, 
enabled by affordable smart sensors, government-backed innovation programs, and a 
digital literacy push in rural areas. Farmers integrate IoT-based soil moisture sensors, 
automated weather stations, and GPS-guided autonomous machinery, which optimize 
input usage, reduce waste, and improve overall farm efficiency. Large agribusinesses 
develop cloud-based farm management platforms, allowing real-time tracking of soil 
health, pest risks, and crop growth, further enhancing precision agriculture practices. 
Broadband penetration in rural areas increases to over 95%, supported by government-
private sector partnerships and EU-backed rural connectivity projects. High-speed 
5G networks are deployed in agricultural regions, ensuring seamless real-time data 
transmission from IoT devices. With reliable connectivity, farmers have direct access to 
global commodity markets, digital advisory services, and AI-powered farm management 
platforms. The increased availability of capital and technological advancement lead 
to a widespread mechanization wave, including the adoption of autonomous tractors, 
robotic fruit pickers, and AI-driven greenhouse systems. Serbian farmers, supported 
by favorable government tax incentives on agricultural robotics, transition to fully 
automated harvesting and precision fertilization, significantly increasing efficiency 
and reducing labor costs. Advances in AI-powered irrigation and satellite-monitored 
crop health assessment contribute to higher water use efficiency. Serbia achieves smart 
water management by deploying IoT-enabled drip irrigation systems that automatically 
adjust water levels based on real-time soil moisture and weather data. As a result, the 
agricultural sector reduces water waste while maintaining optimal crop yields, making 
it more resilient to climate change.

If this scenario materializes, Serbia emerges as a leader in smart agriculture in Southeast 
Europe, benefiting from higher yields, lower production costs, greater sustainability, 
and improved rural prosperity. The country reduces its reliance on traditional farming 
techniques and transitions into a fully digital agricultural economy.

Scenario B: In this scenario, Serbia experiences gradual but uneven progress toward 
Agriculture 5.0. Some technological advancements occur, but the pace of transformation 
remains moderate due to limited government support, inconsistent foreign investment, 
and slow adoption of digital farming practices. The transition to smart agriculture 
remains incomplete, with only partial adoption of modern technologies across the 
sector. Serbia maintains its current level of R&D investment (~0.95% of GDP), 
the funding is not significantly increased. Agricultural innovation receives some 
government support, but the allocation is not enough to drive large-scale adoption of 
AI-driven precision agriculture. The focus remains on traditional mechanization and 
conventional farm subsidies, but digital transformation efforts remain fragmented. 
FDI remains low but stable, averaging around 50 million EUR per year. International 
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investors show interest in Serbia’s agriculture sector, but lack of aggressive government 
incentives and policy clarity prevents large-scale investment inflows. Some agritech 
firms establish pilot projects in precision agriculture, but there is no nationwide 
adoption of high-tech farming. The adoption of IoT-driven smart agriculture remains 
concentrated in large agribusinesses, but smaller and mid-sized farms lag behind. 
Farmers experiment with basic IoT solutions, such as soil sensors, automated weather 
stations, and remote-controlled irrigation systems, but high costs and lack of digital 
literacy prevent widespread usage. Broadband access continues to expand, but rural 
connectivity remains uneven, with some remote agricultural regions still lacking high-
speed internet. Major farming regions gain access to 4G and 5G networks, small-scale 
farmers struggle with connectivity issues, limiting their ability to integrate cloud-based 
farm management solutions. The use of tractors, harvesters, and automated irrigation 
systems increases, but fully autonomous farming equipment (robotic fruit pickers, AI-
driven harvesters) remains rare. Traditional mechanization expands, but the transition 
to AI-assisted decision-making in agriculture remains slow. Many farmers continue 
to rely on experience-based decision-making rather than data-driven insights. Some 
farmers adopt smart irrigation techniques, but many still use traditional flood irrigation 
or outdated sprinkler systems. Water scarcity risks persist, especially in regions that 
lack AI-powered irrigation planning. The transition to fully automated, data-driven 
water management is delayed, limiting Serbia’s ability to optimize water use. Serbia 
makes some progress in precision breeding and crop genetics, but lack of large-scale 
R&D funding and international collaborations prevents major breakthroughs. Some 
heat-resistant and drought-tolerant crop varieties are introduced, but not at a level that 
ensures long-term climate resilience.

This scenario results in moderate progress, where Serbia adopts Agriculture 5.0 at 
a slow pace. Some farms integrate smart technologies, but many remain reliant on 
conventional farming methods. Serbia fails to establish itself as a regional leader in 
digital agriculture, and productivity improvements are limited compared to leading 
agricultural economies.

Scenario C: In this scenario, Serbia falls behind in the global transition to Agriculture 
5.0, resulting in technological stagnation, low investment, and declining productivity. 
The failure to adopt digital agriculture leads to reduced competitiveness, lower efficiency, 
and increased vulnerability to climate change and economic fluctuations. Without strong 
policy intervention and strategic investment, the agricultural sector remains reliant on 
outdated farming techniques, limiting growth and sustainability. Government expenditure 
on agricultural research and development falls below 0.7% of GDP, as priorities shift to 
other sectors. Without sufficient funding, technological innovation slows down, leaving 
farmers without access to advanced precision farming tools, AI-driven decision support 
systems, or genetic advancements in crops. Research institutions struggle to maintain 
agritech programs, and local agritech startups fail to scale due to lack of support.  Foreign 
investment in agriculture collapses to below 20 million EUR annually, as investors 
lose confidence in Serbia’s ability to modernize its agricultural sector. Without FDI, 
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access to modern machinery, AI-powered automation, and blockchain-based supply 
chain solutions remains extremely limited. Agribusinesses become dependent on 
outdated farming practices, reducing export competitiveness. Less than 5% of farms 
integrate IoT technologies, as high costs, lack of digital skills, and poor infrastructure 
prevent the adoption of smart sensors, automated monitoring systems, and AI-powered 
farm analytics. Without IoT-driven precision farming, Serbian agriculture continues to 
suffer from inefficient water use, uncontrolled pest outbreaks, and suboptimal resource 
allocation. Rural broadband penetration stagnates below 85%, leaving many remote 
farming communities without reliable internet access. This prevents farmers from using 
cloud-based farm management systems, digital marketplaces, and online advisory 
services. The lack of connectivity exacerbates the technological gap between Serbia 
and other agricultural economies, further limiting growth. Farm mechanization remains 
outdated, with many small and medium-sized farms continuing to use manual labor 
and inefficient machinery. The lack of investment in modern agricultural equipment 
results in lower productivity and higher operational costs. Advanced automation, such 
as AI-powered tractors, robotic fruit pickers, and drone-assisted farming, remains 
inaccessible, reducing Serbia’s ability to compete with digitally advanced agricultural 
nations. Inefficient irrigation practices persist, as AI-driven precision irrigation systems 
fail to gain traction. Farmers continue to rely on traditional flood irrigation and outdated 
sprinkler systems, leading to water wastage, soil degradation, and reduced long-term 
sustainability. As climate change worsens, the agricultural sector becomes increasingly 
vulnerable to droughts and extreme weather conditions. Serbia fails to develop new high-
yield, climate-resilient crop varieties, as biotechnology research remains underfunded 
and poorly integrated into the agricultural economy. Without precision breeding and 
advanced genetic engineering, Serbia’s crops struggle to withstand changing climate 
conditions and pest outbreaks, reducing overall yields. 

Failing to transition to Agriculture 5.0 could set Serbia back decades, making it heavily 
dependent on traditional, low-tech farming methods while other nations fully integrate 
AI, automation, and precision agriculture into their food production systems.

Discussion 

Based on the theoretical background and data analysis, the hypotheses are addressed 
as follows:

H1: Higher levels of foreign and domestic investment positively impact the digital 
transformation of agriculture. Partially Confirmed. The analysis showed that domestic 
investment (GFCF_Agri) had a strong positive impact on Agriculture 5.0 potential, 
as indicated by a significant regression coefficient (β₂ = 0.3794). However, foreign 
direct investment (FDI_Agri) exhibited volatility and a negative correlation (-0.757) 
with domestic investment, suggesting that when FDI declines, domestic investments 
compensate rather than complement. This indicates that FDI does not consistently 
contribute to digital transformation.
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H2: Increased government R&D spending in agriculture accelerates the adoption 
of smart farming technologies. Confirmed. The regression model estimated that 
government R&D expenditure (R&D_Agri_Exp) had a strong positive impact on 
Agriculture 5.0, with an estimated coefficient (β₃ = 2.5). This highlights that investment 
in agricultural research directly supports digital transformation, innovation, and the 
adoption of smart farming solutions.

H3: Higher IoT adoption rates significantly contribute to the development of precision 
agriculture. Confirmed. The regression model estimated that IoT adoption (IoT_
Adoption_Rate) had the highest impact among technology-related factors, with a 
coefficient of (β₄ = 3.0). This confirms that IoT-driven smart farming solutions, such 
as soil sensors and automated irrigation systems, play an important role in enhancing 
agricultural productivity and efficiency.

Furthermore, to transition toward Scenario A (Accelerated Growth) and avoid 
stagnation, Serbia needs a comprehensive national strategy for Agriculture 5.0. Below 
are key policy recommendations, categorized into investment strategies, infrastructure 
expansion, regulatory reforms, and capacity-building initiatives:

•	 R&D spending in agriculture should be increased to at least 1.5% of GDP to 
support the development of AI-driven farming solutions, automated irrigation, 
and climate-resilient crop varieties.

•	 Agriculture 5.0 Innovation Fund should be established to provide grants 
for agritech startups and research institutions working on smart farming 
technologies.

•	 University-industry collaborations in agritech should be encouraged, supporting 
knowledge exchange and commercialization of AI-driven agricultural tools.

•	 A national AI strategy for agriculture should be developed, incorporating 
machine learning algorithms for pest control, predictive analytics for yield 
forecasting, and drone-assisted crop monitoring.

•	 High-speed internet access is essential for the adoption of IoT-enabled smart 
farming and digital supply chains. 

•	 Broadband coverage should be expanded to ensure 100% rural internet 
penetration by investing in fiber-optic networks and 5G deployment in 
agricultural areas.

•	 Tax incentives should be provided for telecom companies to extend high-speed 
internet to remote farms.

•	 “Smart Farms Connectivity Program” could be introduced subsidizing farmers 
to install IoT-enabled infrastructure (soil sensors, automated irrigation systems).
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•	 Open-data agricultural platform should be developed where farmers can 
access real-time weather data, soil health analysis, and AI-driven market price 
forecasts.

•	 Traditional mechanization must evolve into AI-driven and autonomous farming 
systems. 

•	 “Smart Agriculture Subsidy Program” should be launched, providing financial 
support for farmers purchasing precision tractors, robotic harvesters, and AI-
powered irrigation systems.

•	 Public-private partnerships (PPPs) should be planned with agritech firms, 
making cutting-edge automation accessible to Serbian farms.

•	 Low-interest loans should be provided for mechanization upgrades, allowing 
small and medium-sized farms to afford drone-based monitoring, automated 
greenhouses, and robotic seeding systems.

•	 An “IoT for Agriculture Grant Program” should be created for funding smart 
farming solutions like remote soil sensors, GPS-guided drones, and automated 
irrigation.

•	 National IoT Agriculture Strategy could be developed promoting data-driven 
decision-making in farming operations.

•	 Training programs for farmers should be provided on how to use IoT dashboards, 
AI-based yield prediction models, and precision application of fertilizers.

•	 AI-powered irrigation management systems should be implemented, ensuring 
optimal water distribution.

•	 Subsidies for smart irrigation systems should be provided, including IoT-
enabled drip irrigation and satellite-controlled water distribution networks.

•	 Serbia should be promoted as a hub for sustainable agriculture and AI-driven 
food production, attracting international partnerships.

•	 Agriculture 5.0 courses could be introduced in universities and vocational 
schools, training students in agri-data science, AI-powered farm management, 
and precision farming techniques.

•	 Digital literacy programs for farmers has to be developed, ensuring they can 
operate smart farm technology effectively.

•	 AI-powered climate risk analysis tools could be integrated, predicting droughts 
and extreme weather impacts.

These recommendations if applied in some capacity can significantly affect the 
trajectory of Agriculture 5.0 development in Serbia.
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Conclusion

This study  analysed Agriculture 5.0 potential in Serbia. Based on the available data it 
was found that the primary influencing factors are domestic investment, government 
R&D spending, IoT adoption, and rural internet penetration. These factors play an 
important role in the adoption of digital and precision farming technologies. However, 
foreign direct investment has shown volatility and does not consistently contribute to 
Agriculture 5.0 development, indicating that Serbia relies more on local investments for 
modernization. The findings highlight the need for policy measures that support smart 
farming initiatives, expand digital infrastructure, and increase funding for agricultural 
research and development. Strengthening investment in IoT-driven agriculture and AI-
powered solutions will improve productivity, efficiency, and sustainability, ensuring 
Serbia remains competitive in the global agricultural sector.

Future research should focus on developing a comprehensive Agriculture 5.0 readiness 
index to better assess progress and identify areas for improvement. Comparative 
studies with other countries could provide benchmarks and best practices for Serbia’s 
agricultural transformation. Additionally, long-term analyses on investment impacts, 
farmer adoption behavior, and sustainability benefits will help refine strategies for 
integrating advanced technologies in agriculture. Addressing these areas will contribute 
to a more data-driven and resilient agricultural sector in Serbia.
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