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Challenges of Industry 4.0 in Hungarian agriculture 

Enikő Lencsés – Kornélia Mészáros 

Although the technological revolutions in agricultural production are already at stage 5.0, the 

majority of Hungarian farmers are familiar with the achievements of 4.0 in theory, but most 

of them still use only elements of stage 2.0. The range of BigData applications goes far beyond 

production itself and even covers the entire supply chain. It plays a role in global issues such 

as food safety and sustainable management, and the results of the data from the system are 

used to improve efficiency. The development of the Internet of Things (IoT), which wirelessly 

connects agricultural production and supply chain members, will result in a lot of new, real-

time data. An important challenge for these changes is to create new business models for 

farmers, but it also brings with it a number of open regulatory issues, such as data security 

and data ownership issues. Decision-making issues do not necessarily remain in the hands of 

farmers, but the data owner can have a major influence on the design and selection of 

alternatives. Sustainable integration of Big Data resources is a challenge, as it is crucial for 

the enterprise model. In order to introduce and apply new technologies, it is absolutely 

necessary to rethink and transform the existing processes. Developments should not be done 

in isolation, but together with innovative companies and farmers. It is important to keep in 

mind that in the future, the collection and sharing of data and the different work tools will be 

compatible with each other, and data transfer will be as simple as possible, keeping security 

in mind. The present study examines the theoretical effects of BigData applications in 

comparison to business models used in conventional technology along the business model 

research issue based on Lindgradt et al. (2009).  
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1. Introduction 

Numerous global trends are influencing agribusiness. Agricultural production needs to 

face the following main challenges: a growing population, increasing urbanization, 

climate change, and technology change. We are in the middle of new agriculture 

revolution. The stages of the agriculture are the following (Kovács–Husti 2018, Lejon–

Frankelion, 2015, Popp et al. 2018, Rose–Chilvers 2018, Varga 2018, Lencsés–

Mészáros 2021), (Figure 1): 

1. Labour-intensive agriculture: low productivity, enough food for population, 

and 1/3 of the population needed to work in the agriculture. 

2. Green revolution: the adoption of new technologies such as yield variety, 

chemical fertilizers, agro-chemicals, irrigation, and new methods of cultivation, 

including mechanization. The key leader was Norman Borlaug.  

3. Digital revolution / Precision farming: variable rate technology, site specific 

decision, GIS, GPS 

4. Smart farming: big data, cloud based, on-line sensors, UAV. 

5. Robotic farming: robots used in agriculture production, e.g. spraying drones, 

and weed-management robots. These technologies are still under development.  
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Figure 1 Technology revolutions in agriculture production 

 

 

 

 

 

 

Source: Own construction based on: Kovács–Husti (2018); Lejon–Frenkelius (2015); Popp et 

al. (2018); Rose–Chilvers (2018); Varga (2018), Lencsés–Mészáros (2021). 

Agriculture in 4.0 is still at an early stage of development, mostly used in Western 

Europe and North America for the time being. Within Agriculture 4.0 technology, 

BigData applications can be used on issues such as food safety and sustainable farming, 

and the results of the data from the system play a role in improving efficiency. The 

development of the Internet of Things (IoT), which wirelessly connects agricultural 

production and members of the supply chain, is creating much new, real-time data and 

making it available (Wolfert et al. 2017). 

However, the new technology presents a number of challenges, to which Szőke 

and Kovács (2020) drew attention. Efficient processing of large amounts of data still 

involves problems. Broadband internet is not yet available everywhere. Data from 

different manufacturers are not compatible with each other, so data transfer between 

systems is not guaranteed. The quality of the data collected also varies, which poses a 

different kind of compatibility issue. The application of new technology requires the 

acquisition of new skills, which is time-consuming and requires the organization of 

trainings and courses. There is a need to create and apply new business models. 

Analyses of unprecedented size and speed change the opportunities for participants in 

the production process and create new business models. Management of the economy, 

access to data, real-time forecasting and monitoring, combined with developments in 

the IoT, will manifest themselves in further automation and autonomous operation of 

the economy. It can already be seen that Big Data will cause a significant rearrangement 

in the balance of power between the actors involved in production. When using Big 

Data, a lot of heterogeneous data is also a big challenge to apply to intelligent processing 

and analytics. Sustainable integration of Big Data sources, data sources are a challenge 

as this is crucial for the corporate model (Wolfert et al. 2017). 

There may be other barriers to the diffusion of technology. Fodor et al. (2020) 

approached the issue from a legal perspective. One of the biggest barriers to innovation 

in Hungary is the unfavorable legal regulatory environment, which includes 

bureaucratic and thus cumbersome administration, lack of financial resources and 

skilled labor, is less open to innovation management, and has the problem of knowledge 

transfer. The unfavorable legacy of previous periods has resulted in a still tangible, 

disorganized environment, such as an increasingly aging farming community, large-

scale tenure, undivided common property, a lack of agricultural co-operation, and 

incomplete regulation. The process of transformation at the time of the regime change 

was followed only by a significant delay in the emergence of innovation, which was 

created through the EU support system. 
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Assessing the Hungarian situation, László Farkas (who is a pioneer farmer of precision 

farming) also highlighted the regulatory environment as a factor hindering new 

technologies and making it difficult to catch up with developed countries. The other 

hindrance is that it is difficult to implement development without external help. Using 

expert advice, it is necessary to optimize it for the processes of the given economy, for 

which one of the best solutions is precision or smart technology. In addition to using 

expert advice, Szilárd Szabó emphasized his commitment. Appropriate calculations for 

investment costs are now available, the return can be limited, but in a large company, a 

lot can depend on the attitude of the employees. The application of new technologies is 

a step-by-step process in which planning, construction and education also have a place 

(Agronapló 2018). 

NAK (2019) conducted research among precision farmers, which we believe 

also suggests the spread and use of smart technology. The concept of precision farming 

is well-known among Hungarian farmers engaged in crop production: 79% have heard 

of it and know what it means, and 61% are open to the use of precision technology tools. 

Other studies show that only half of crop growers have heard of it, but this percentage 

also depends on the size of the farm. Users of precision farming are mainly under 40 

years of age, have a tertiary education, and cultivate more than 300 hectares of land, 

which is in line with international experience (Lencsés et al. 2014). 23% of farmers 

actually use some element of precision farming. Of those who do, 79% are satisfied with 

it. The most common precision devices are GPS 58%, guide 47%, and automatic steering 

24% (NAK 2019). However, according to a survey by Pólya and Varanka (2015), 44% 

of all farmers use GPS, while 48% of the farmers under 40 years of age do so. 

Of the control systems, 30% of weeds follow a robotic pilot, followed by VRT 

sowing and fertilizer application (25%). The use of anti-pest sensors, drones, and 

precision irrigation sensors is still in its infancy: their application rate is only around 5% 

(Kemény et al. 2017). Regarding future plans, most farmers would introduce drones 

(13%), RTK (real-time kinematic systems, 13%) and automatic steering (12%). 

The survey by Berta (2018) contradicts all this, where 63% of agricultural 

entrepreneurs do not use GPS, 16.3% use it only on a power machine, and 20.7% on a 

power and work machine. And there are problems for entrepreneurs in accessing 

precision data. In the survey, 39 farmers used the data analysis option, so the numbers 

are extremely low. Of this, 51.2% retrieve the data themselves, 14% access it with 

assistance, and 34.8% have it sent to them. All this points to the fact that only a small 

proportion of farmers are able to use digital technology related to precision farming. 

Thus, it is thought-provoking that the application of smart systems is less successful 

than it would be based on data extraction and analysis. 

However, the results of the survey are nuanced by the fact that two-thirds of 

farmers stated that they use at least one of the technologies described. Based on this, the 

question arises as to whether some farmers are either unaware of precision technology 

or their actual use is not considered precision farming (NAK, 2019). Takácsné (2015) 

segmented farmers in terms of the application of technological innovation. They can be 

basically divided into two major groups: innovators and early adapters actively involved 

in innovative developments, and those who use mature technology, that is, pragmatic 

early adopters, late conservatives, and late sceptics. 
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Lencsés et al. (2014) pointed out that the biggest problem of the interviewed farmers 

depends on the professional knowledge and attitude of the manager and staff to a great 

extent. Because of this, farmers sometimes think that investing in precision technology 

will not bring the expected positive results, so they do not buy other accessories or start 

using their precision tools in the traditional way. Takács-György and Takács (2011) 

highlighted high investment costs as a limiting factor. As a result, farmers do not dare 

to embark on a change in technology. According to their studies, the risk is in the 

different prices of input and output materials, in the production structure, in the yields 

of precision farming in different areas, and in the size of the plant. In another study, 

Takácsné (2011) points out that in areas with homogeneous conditions, the return on 

investment takes more time, as no significant material cost savings can be achieved. 

Takácsné (2015) also drew attention to the fact that different technological elements 

belonging to precision technology run different life paths. This is due to differences in 

technological developments and differences in their “palpability” in their application. 

Significant improvements in pest control are still expected in the identification of pests 

or the refinement of remote sensing. 

Several studies highlight the importance of expertise (Gaál–Illés 2020; Takács-

György–Takács 2011). Farmers using new technology need to have a complex body of 

knowledge that is less popular due to its novelty, with the older generation refraining 

from using it. Computer skills are required to manage smart machines and systems, and 

to extract the data from them. This can be helped by the organization of various 

trainings, the involvement of agro-informatics in the extraction and proper management 

of data, and the operation of the expert advisory system in this direction. 

2. Model and method 

Osterwalder et al. (2005) describes value configuration as the arrangement of activities 

and resources. Core competency includes the competencies necessary to execute the 

business model. Partner network refers to the network of cooperative agreements with 

other companies necessary to efficiently offer value. The business models of 

competitors could be completely different. A competitor who selects the best model and 

implements it effectively can win the trade and competition. The different reasons could 

force the organizations to change their previous business model. Investments and 

innovations, information systems, human capital, and new technologies are some of the 

numerous examples of business model innovation driving forces. Of course, the aim of 

agility is not just to inactively respond to the environment changes, it is also to take 

advantages of changes (Dove 1994, Kidd 1994, Sharifi–Zhang 1999). 

Innovation in a business model does not simply mean the innovation in 

services/products or technology (Lindgadt et al. 2009, Massa–Tucci, 2013, Mitchell–

Bruckner 2004). Lindgardt et al. (2009) believe that when innovation in a business 

model occurs at least two components are reinvented, and innovation in just 

product/service does not count as a business model innovation. According to them, the 

two main elements of the business model are the value proposition model and the 

operating model. The value proposition model includes the following components: 

target segment, products/services offering, revenue model, operating model, comprises 

value chain, cost model, and organization. Innovation in the business model has been 
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always recommended, due to the fact that sustainable competitive advantage is created 

in business model innovation (Giesen et al. 2007, Mitchell–Bruckner 2004). Massa and 

Tucci (2013) also argue that business model innovation consists of innovation in 

content, structure and governance. Innovators need to dynamically trace the trends and 

to have a proper change management to be able to respond on time to these changes 

(Mitchell–Bruckner 2004). Of course, the aim of agility is not just to inactively respond 

to the environmental changes but to take advantage of changes (Sharifi–Zhang 1999, 

Dove 1994, Kidd 1994). 

According to the Lindtgard model, we examine all the necessary elements for 

the introduction and professional application of agriculture 4.0 and compare them with 

the practical experience from Hungarian surveys. This way we can identify the factors 

where improvement is needed. 

3. Results 

We summarize our results in Table 1, which highlights which points according to the 

Lindtgard et al. (2009) model should be met in the case of agriculture 4.0, and where 

the current Hungarian general agricultural practice is. As the table shows, change is 

needed in all elements, not only in the use of the new technology, but also in gaining 

background knowledge related to the technology and connecting more closely with 

members of the value chain. 

Table 1 Changes of business model element by Lindgardt et al. (2009) due to the 

adaptation of Agriculture 4.0 technology 

Components of 

business model 

Agriculture 4.0 requirements 

and effects 

Missing factors in case of 

Hungarian farmers 

TARGET 

SEGMENT 

B2C: conscious food consumer 

with moderate environmentally 

friendly attitude who wants to 

know how to trace the source 

of the food 

B2B: agrobusiness sector (for 

whom the comprehensive 

system of traceability is very 

important) 

Most farmers do not know 

the final consumer and their 

needs. 

 

Aim: understand the 

costumer behaviour  

PRODUCT 

OFFERING 

Agricultural products e.g. 

crops, vegetables, fruits. 

Farmers do not want to give 

their data to the buyers. 

Aim: improve the trust in 

the supply chain. 

REVENUE MODEL 

With Agricultural 4.0 

technologies the yield and 

income volatilities become less 

general because of the more 

rational input usage. 

The data goodness mainly 

depends on the IT 

knowledge of the person 

who analyses the data. 

Aim: improve the IT 

knowledge of farmers 
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VALUE CHAIN 

The last agricultural revolution 

does not make changes in the 

value chain. 

Without the trust between 

the members of the value 

chain the system does not 

work. 

COST MODEL 

According to FADN, cost 

structure included crop-specific 

inputs, total farming overhead, 

depreciation of capital assets 

estimated at replacement value, 

and total external cost. 

The farmers must understand 

the connection between the 

costs and the benefits. 

 

Aim: help the farmers 

understand the importance 

of cost analysis. 

ORGANIZATION 

The Agriculture 4.0 

technologies are very sensitive 

to the digital skills of the staff.  

 

The employee in the 

agricultural holdings is not 

well qualified or well 

educated.  

 

Aim: improve digital skills 

and help deepen 

commitment to new 

technology. 

 

Source: own research 

4. Conclusion 

Hungary is not lagging behind the developed agricultural countries (like Denmark, 

Germany, USA, etc.) in the availability of latest technologies (like, for example, 

spraying drones). All the latest innovations are available for Hungarian farmers. It is 

very positive that the average Hungarian farmers have heard about the equipment of 

Agriculture 4.0 and they know a lot about its theory,but for some reasons they do not 

use these innovations. If the government wants to extend the adaptation of Agriculture 

4.0 in Hungary, they need to make an effort in the following fields: improve trust in the 

value chain, improve digital skills of farmers, and give financial support to farmers who 

use modern agriculture equipment. 
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