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 Abstract 
  

Introduction. The aim of our research is to provide an overview 
of the role and challenges of precision agriculture, to examine the 
current situation, in particular its impact on sustainable food 
production. 

Materials and methods. The study is descriptive and used 
scientific secondary data as the primary source. The authors also 
conducted a primary research of farmers in Hungary in 2022 what they 
think about the role of precision farming. The primary research method 
is a questionnaire survey. 

Results and discussion. Precision farming is a management 
approach that focuses on (near real-time) observation, measurement, 
and responses to variability in crops, fields and animals. Precision 
farming means the practical appearance of digitized agriculture, the use 
of digital solutions in agriculture, where developments are directed to 
how to manage in a more competitive way, to increase efficiency, while 
also placing great emphasis on environmental sustainability. Precision 
farming is increasingly used in agriculture today. The demand for 
agricultural products will grow dynamically over the next few decades, 
and this can be met by more efficient production.  

On the Internet, when we type the term of precision agriculture we 
will get 147 million search results.  

In our research, according to 81% of respondents, precision 
farming is very important. In recent years, the development of precision 
agricultural technology, mechanization and agricultural informatics has 
undergone significant development. More than half of the farmers use 
some kind of precision support system. Nearly 70 percent of 
respondents think that precision technology systems are too expensive. 
31 percent of farmers would like to have more knowledge about 
precision technologies, mainly concerning productivity (yield, quality, 
etc.), plantation condition (plant growth status, soil analysis, etc.) and 
the distribution of inputs (irrigation water, organic fertilisers, fertilisers, 
etc.). More than half of the farmers think that policy makers in the 
industry (financial support, legal environment, etc.) should take action 
to make precision farming more accepted in practice and they think that 
it would also be important to deal with it more intensively in education. 
Farmers are open to precision solutions, but there are challenges to 
effective spreading.   

Conclusions. The competitive future of agriculture is influenced 
by digitalisation and the use of precision agriculture. Precision 
agriculture is becoming increasingly popular in practice, as it can make 
a major contribution to sustainable food production. 
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Introduction 
 
Agriculture is the production of material goods, a major branch of the economy that 

produces food and industrial raw materials.  
The development of agriculture is characterised by three eras. According to Jóri (2017), 

the first, the pre-industrial era of agriculture, lasted from pre-Christian times until the 1920s. 
Self-sufficient, small-scale, labour-intensive farms required approximately one hectare of 
land to produce one person's food. The second phase, the period of industrial agriculture, 
lasted from 1920 to 2010. Tractors, combine harvesters, fertilizers and hybrid seeds allowed 
the emergence of large-scale commercial farms. The productivity of these developments 
meant that as little as half a hectare was enough to feed five people. The third phase is taking 
place today, when a large amount of data for production is available through satellite systems 
and sensors on machines and plants. The large amount of data and the “Internet of Things” 
allow to analyse many sources of information through various intelligent software, thus 
helping farmers. If we look at the impact of agricultural development on mechanisation, the 
first period (from the early 1900s) is characterised by the advent of tractors, increased 
efficiency, the need for manual labour and low productivity. The second period is the so-
called green revolution (from the 1950s), when new agrotechnical practices, use of fertilisers, 
pesticides, seeds of high quality and increased production have emerged. From the third era, 
with the advance of mechanisation (from the 1990s), precision agriculture was introduced, 
i.e. automated steering systems (optimised mechanisation, minimum overlap), crop mapping 
(objective base data), variable rate application (input optimisation), telemetry (machine 
monitoring) and data processing. Then the use of smart electronic tools became more 
widespread and digitalisation has now reached the agricultural sector. It has proven economic 
effect due to the steep implementation of digital decisions and tools in managerial processes 
(Remeikiene et al., 2021; Roshchyk et al., 2022). Thus, in the fourth era (from 2010), digital 
agriculture can be seen in practice, involving the use of real-time farm management systems, 
value-added services, automation capabilities, advanced processing and food value chains 
(data platforms) (Kireyeva et al., 2021; Vasa-Trendov, 2020). These advanced digital 
solutions in the agriculture sphere can significantly mitigate the problem of food security 
(Vasylieva and James, 2021) and social security respectively via the essential impact of the 
consumer food expenditures on the level and quality of life, especially low-income groups of 
the population (Mishchuk et al., 2018). 

But what does precision agriculture mean and what are the characteristics of precision 
farming?  

Precision agriculture and precision farming are generally regarded as the same thing. 
However, the term precision agriculture, often abbreviates PA, is more widely used. 

Although more complex definitions exist, the simple description of the precision 
agriculture is a way to ”apply the right treatment in the right place at the right time” (Gebbers 
and Adamchuk, 2010). It is a farming management concept based upon observing, measuring 
and responding to inter and intra-field variability in crops or in aspects of animal rearing. The 
first actual definition of PA came from the US House of Representatives (European 
Parliament, 2014), which defined PA as “an integrated information- and production-based 
farming system that is designed to increase long term, site-specific and whole farm 
production efficiency, productivity and profitability while minimizing unintended impacts 
on wildlife and the environment”. Such a definition focused on “whole-farm” management 
strategies using information technology, highlighting the potential improvements on 
production while reducing environmental impacts. In addition, it already envisioned that PA 
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was applicable not only to cropping systems, but to the entire agricultural production system 
(i.e. animal industries, fisheries, forestry) (Gál et al., 2013). 

According to ISPA (2019) precision agriculture (PA) is a management strategy that 
collects, processes and analyses temporal, spatial and individual data and combines it with 
other information to support farmer decisions based on estimated variability to improve the 
resource use, productivity, quality, profitability and sustainability. In a 2016 report on how 
big data will revolutionize the global food chain, McKinsey & Company define precision 
agriculture as: “a technology-enabled approach to farming management that observes, 
measures, and analyzes the needs of individual fields and crops”. According to McKinsey 
(Magnin, 2016), the development of precision agriculture is shaped by two trends: “big-data 
and advanced-analytics capabilities on the one hand, and robotics (aerial imagery, sensors, 
and sophisticated local weather forecasts) on the other”. 

There are many other definitions of precision agriculture in the literature. According to 
Husti (2018), “A modern agricultural management concept using digital techniques to 
monitor and optimise agricultural production processes. The aim is to reduce costs and 
environmental pressures and to produce more and better food raw materials. It will be 
achieved through a specific combination of new sensor technologies, satellite navigation and 
positioning, and the Internet of Things (IoT).” Husti (2018) thinks that the aim of precision 
farming is to produce good quality and safe food by using available resources (feed, water, 
energy, etc.) as efficiently as possible. Of course, this is no different from the objectives of 
conventional farming, but the difference is that the efficiency of information gathering is 
improved by the use of digital technologies. Precision farming makes farming more regulated 
and precise. Simply, it differs from the traditional approach in that it allows decisions to be 
made per square metre or even per plant/animal. This in turn has a positive influence both on 
the ecological consequences of the agriculture companies’ activity and on their sustainable 
development (Piwowar, 2020; Przekota et al., 2020). 

According to the European Parliament (2014), PA nowadays is seen as an “environment 
friendly system solution that optimizes product quality and quantity while minimizing cost, 
human intervention and the variation caused by unpredictable nature”. PA allows seamless 
data interchange between farmers, suppliers, service providers, authorities, processors, and 
resellers of agricultural produce. This makes it possible to trace back food production to 
virtually each square meter of a farmer’s field. The European Parliament’s (2016) report on 
precision agriculture and the future of farming in Europe defines precision agriculture as “a 
modern farming management concept using digital techniques to monitor and optimize 
agricultural production processes”. The key point here is optimization. Instead of applying 
an equal amount of fertilizers over an entire field, precision agriculture involves measuring 
the within-field soil variations and adapting the fertilizer strategy accordingly. This leads to 
optimized fertilizer usage, saving costs, and reducing environmental impact. 

An accurate assessment of the situation of precision agriculture is difficutors, but the 
surveys the definition and categorisation of the elements of precision farming, which makes 
it difficult to comparing the resultsult because very few places collect data on it on a regular 
basis. The importance of the subject has led to an increasing number of questionnaire surveys 
and analyses based on data from input material and machinery distrib. According to 234 
studies published between 1988 and 2005, the use of precision farming technologies was 
economically profitable in 68% of cases on average (Griffin and Lowenberg-DeBoer, 2005). 

Gebbers and Adamchuk (2010) think that precision agriculture becomes a management 
practice of increasing interest because it links to key drivers directly related to worldwide 
issues such as sustainable agriculture and food security. Takácsné and Takács (2022) believes 
that if precision agriculture can spread faster worldwide, it can result in both individual and 
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social utility coincidences that promote sustainability in a wider meaning. According to 
Nassar et al. (2022), Non-Governmental Organizations (NGOs), whether international 
(INGOs) or local (NGOs), are the primary engines of humanitarian assistance in almost all 
national economies. Food security and these organizations are inextricably linked. The main 
objective of the study of Nagy and co-authors (2017) is to identify key determinants that 
influence agricultural productivity to assure food security, as well as to analyze domestic and 
foreign trade in agricultural products.  

Precision farming is a management approach that focuses on (near real-time) 
observation, measurement, and responses to variability in crops, fields and animals. It can 
help increase crop yields and animal performance, reduce costs, including labour costs, and 
optimise process inputs. All of these can help increase profitability. Precision farming 
contributes to the development of agricultural production and to the production of healthy 
food raw materials, while respecting environmental and ecological standards. It is based on 
the use of power equipment with positioning (GPS, RTK), machine-to-machine linkage and 
geo-information, remote sensing, data collection, data integration and data analysis. The 
technical prerequisites for precision farming are high-precision navigation and automatic 
steering of machinery. The advantage of automatic steering is that, when coordinated with 
other systems, they enable the machine to steer automatically. This further reduces human 
error, allows greater control over the driving and reduces overlap. One of the most accurate 
ways of doing this is through RTK, which enhances GPS-based tracking to give cm accuracy 
in determining the position of the machine. RTK is able to determine the position so 
accurately by coordinating satellite systems with the ground correction signal (Németh, 
2014).  

There are many ways to determine very precisely some of the parameters of agricultural 
field. Today, there are numerous possibilities to map fields with high precision to obtain 
detailed and site-specific information. Drones, planes and satellites use remote sensing to 
identify the features of the area. It is possible to work with yield maps, GPS-assisted soil 
surveys, “talking fields” maps or NDVI maps produced by nitrogen sensors. Real data such 
as soil nutrient levels, soil type, pH, pest emergence, etc. can be extracted. This fine data 
allows farmers to monitor changes in soil and crop conditions and react to events with 
lightning speed, after thorough and properly instrumented soil sampling (Kay et al., 2013). 

Precision farming in the strict sense is when you work with site-specific information and 
apply materials site-specifically. Precision farming cannot be imagined without thorough 
data collection and processing, so software is as much a prerequisite as a GPS signal. At the 
same time, new technical and IT solutions are being developed every day. The competition 
for supply means that it is increasingly challenging for users on the practical side to keep up 
with technical developments and to create the conditions for their application. In Hungary, 
GPS guidance systems combined with automatic steering are the most widespread. With this 
solution, the tractor travels straight between two points, covering only the smallest area 
necessary, which saves fuel. If the farmer wants to sow at variable rates or apply fertiliser 
site-specifically, he needs information that gives a professional basis for the amount of 
material to be applied. Thus, the pillars of precision farming are agrotechnology, IT 
background and technical solutions.  
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Materials and methods 
 
Materials 
 
The study is descriptive and used secondary data as the primary international source. Our 

primary research method is a questionnaire survey. In September 2022, we asked 110 farmers 
in Hungary what they thought about precision farming. The questionnaire contained 18 
questions. 

 
Abbreviations 
 
GPS (Global Positioning System). A satellite-based positioning system developed and 

operated by the US Department of Defense that operates independently of weather and time 
of day and provides three-dimensional positioning. In everyday usage, it generally refers to 
satellite positioning. The most advanced satellite system, GPS is the foundation of precision 
farming. It is mainly used for automated steering and landmarking in agriculture. GPS allows 
the machine to follow the same track several times with high accuracy. This minimises 
human error and makes work on the ground accurate and predictable.  

 IoT (Internet of Things): A system of networked devices with unique identifiers. 
 NDVI (Normalized Difference Vegetation Index): A normalized difference 

vegetation index, calculated from remote sensing images, used to characterize the 
state of vegetation.  

 RFID (Radio Frequency IDentification): Radio Frequency Identification. A 
technology used for automatic identification and data communication based on the 
communication of a radio frequency transceiver unit with an RFID tag placed on the 
objects or products being monitored. An RFID tag (also known as a tag) is a small 
object that can be attached to or embedded in the object or product to be identified. 

 RTK (Real Time Kinematics): Real time kinematic positioning with an accuracy of 
+/- 2 cm using correction signals. 

 
 
Results and discussion 
 
Precision agriculture in the word 
 
Precision agriculture is present all over the world, but at very different rates. The concept 

has taken off in the United States and is now making its way into other parts of the world, 
including Europe (Table 1). 

 
Table 1  

Precision agriculture on Google 
 

Expression Match (pieces) 
19. 11. 2018. 25. 06. 2019. 01. 12. 2022.  

Precision Agriculture 79,500,000 94,700,000 147,000,000 
Precision Agriculture Technology 16,800,000 26,300,000 55,000,000 

Source: based on Jóri (2019) and supplemented by own research 
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According to Meister Media Worldwide (Sulecki, 2018), the US and Canada are the leaders, 
with Europe in second place and South America (Brazil and Argentina) in third in the use of the 
precision agriculture. China is prominent in research on drones and sensors, mainly due to the 
growing governmental interest in environmental protection. The Netherlands, Israel and Ireland 
are also at the forefront of technological developments.  

According to Riports and Data (2020), the global precision agriculture market was valued at 
USD 6.33 billion in 2020 and is expected to reach USD 17.05 billion by the year 2028. It is gaining 
fabulous popularity among farmers due to the increasing need for ideal crop production with 
limited available resources. 

According to a report by Grand View Research (2022), the global precision farming market 
size was valued at USD 6.96 billion in 2021 and is expected to expand at a compound annual 
growth rate of 12.8% from 2022 to 2030. The growth of precision agriculture is attributed to the 
burgeoning proliferation of the IoT along with the use of advanced analytics by farmers. 
Numerous government initiatives are being undertaken in developing countries such as India, Sri 
Lanka, and Nigeria to encourage the implementation of modern precision farming technologies, 
thereby maximizing productivity. China and Israel signed a trade agreement in September 2017 
worth USD 300 million to facilitate the export of environment-friendly Israeli technology to 
China. Moreover, an effective administrative framework is also enabling farmers to gain adequate 
knowledge of the proper use and maintenance of precision farming equipment. 

As one of the world's largest food producers, Brazil has significant potential in the digital 
agriculture market. According to Cherubin and co-authors (2022), the principles and tools of PA 
started to be adopted in the late 1990s in Brazil. It can bee seen in their reserch that research in 
precision agriculture has evolved substantially over the last 25 years in Brazil. Precision 
technologies have been mainly adopted in the production of large area crops such as soy, maize 
and cotton (Ferro and Oliveira, 2019). Automatic steering, yield mapping and differentiated 
nutrient allocation are used on 33 percent of agricultural land, but in the largest cereal-growing 
district, the use rate of automatic steering exceeds 60 percent. Even here, the use of drones is not 
widespread (6 percent). 

In a 2018 survey of Kansas Farm Management Association (KFMA) members, 84 percent 
of 621 respondents said they use at least one precision technology (Griffin and Yeager, 2018). 
Automatic steering is the most widely used (68 percent), nearly half of farmers (47.8 percent) use 
staging, grid-based soil sampling and yield mapping is nearly 40 percent, and differential 
fertilization is used by a quarter of respondents (24.6 percent). Differential seeding is the least 
widespread (16.4 percent). Among U.S. corn, soybean, wheat, and cotton growers over 1,000 
acres (about 405 hectares), the use of precision technologies is even higher (Thompson et al., 
2018). 837 respondents have very high rates of yield measurement (93 percent) and automatic 
steering (91 per cent), followed by differential nutrient amendment (73 per cent) and precision 
soil sampling (60 per cent). 

Statistically, China feeds 22 percent of the world’s population with merely 7 percent of the 
arable land. China apply precision agriculture technologies since 2012. The technique is 
particularly important in Xinjiang, where more than 80 percent of the country's cotton is produced. 
High cost, lack of perceived benefits, and skills and capability required to adopt precision 
agriculture represente barriers to adoption (Kendall et al., 2017). 

A questionnaire survey of farmers in western Canada (Steele, 2017) was able to assess 261 
responses, representing nearly 1 million acres (approximately 405,000 hectares). 98 percent of 
respondents use GPS navigation and 79 percent use automatic steering. The use of automatic 
phase control is also widespread (73 percent), used mainly for spraying and to a lesser extent for 
nutrient replenishment and sowing. 60 percent of respondents said that they have a GPS-equipped 
combine, but only 48 percent produce a yield map. Differentiated application technology is mainly 
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used for nutrient replenishment (48 percent) and seeding (24 percent). Remote sensing crop 
monitoring is also quite widespread, based on satellite imagery (28 percent) or drone imagery (19 
percent). 48 percent of respondents use precision farming solutions overall farm, while 37 percent 
use it on only part of the farm. In Ontario, a survey of agricultural service providers was conducted 
(Mitchell et al., 2018). More than 96 percent of the service providers are engaged in precision 
agriculture-related activities, of which grid- or zone-based soil mapping, differential nutrient 
application, and nutrient application map production are prominent (81 percent and 74 percent, 
respectively). Differentiated seeding planning is carried out by 58 percent of respondents, while 
differentiated crop protection applications are even less common (32 percent). More than half of 
the providers offer yield mapping services and 41 percent also produce cost/benefit maps. 
Nowdays Canada is one of the five major countries, along with US, China, Germany, and Israel, 
in precision agriculture. In 2021, Canada’s market was valued at USD 870 million, an annual 
growth of 11.5%. During 2017-21, the market grew at a compound annual growth rate of 11.8% 
(GlobalData, 2022). 

 
Europe 
 
A 2016 European Union study shows how and in what direction the use of precision farming 

can influence the direction of the European Union and its common agricultural policy (Table 2). 
Precision solutions are advantageous if they can be extended over a large area, developed 

continuously and easily, applied in all units of the plant, independent of the sector, easy to operate 
for the machine user and applied in a sustainable and environmentally friendly way. The 
application of precision farming requires an appropriate economic scale. The cost/input ratio 
requires a certain minimum farm size. In Europe, smaller farms are still predominant, as 86% of 
farms are smaller than 20 hectares. In contrast, the spread of precision farming technologies (due 
to the turnover) is observed in farms larger than 100 ha, i.e. around 25% of farms in the European 
Union use this technology (Jóri, 2019).  

There has been considerable research in farmers’ adoption of precision agriculture 
technologies. According to a study by the Boston Consulting Group (Kurth et al., 2018), a quarter 
of European farmers use precision agriculture. However, available data suggest that there are 
significant differences between countries and that the technology used is often limited to vehicle 
navigation. 

Denmark is one of the few countries where data on the uptake of precision agriculture is 
available from the Danish Statistical Office (DST, 2022). Precision technology agriculture 
cultivated 76 per cent of the Danish agricultural area in 2022 compared to 73 per cent in 2021. It 
is especially the large farms that have embraced the technology, as users had an average area of 
179 hectares compared to 87 hectares among all farms in 2022. Farms with precision driving now 
cover 2/3 of the agricultural area. The spread of precision agriculture by area is increasing for all 
technologies. However, a majority of all farms, 63 per cent, still do not use precision farming. 
Among farmers who do not use precision technology, 48 percent cite excessive costs as a barrier. 

Barnes and co-authors (2019) investigated the prevalence of machine guidance and 
differential N application in five European countries: Belgium, Germany, Greece, the Netherlands 
and the UK. 44 percent of the 971 respondents did not use these technologies, 34 percent used 
only vehicle navigation, while 22 percent also used differential N application. Belgium has the 
lowest take-up rate, while England (34 and 26 percent) and the Netherlands (48 and 24 percent) 
have the highest. In both cases, the use of technologies was significantly influenced by the age 
and education of the farmer, the size of the cultivated area, the income and if the farmer used some 
other precision technology (innovative attitude).  
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Table 2  
How does precision agriculture influence policies? 

 
Policy issue Description Effect on 

policy  
objective* 

Competitiveness 
of EU farming 

Farm holdings will apply PA technologies to produce 
‘more with less’, increasing the competitiveness of farm 
holdings and agri-food chains. Large farms will benefit 
the most. 

+ 

Farm holding 
size and number 

Farm size will increase because of the required 
investments in PA technologies and know how. The 
number of farms will go down, which is the current 
trend already. 

= 

Jobs on farms in 
primary  
production 

The number of jobs on farm holdings will decrease due 
to the implementation of PA technologies, especially on 
farms where still a lot of work is done by low skilled 
workforces. 

- 

Skilled 
workforces 

PA requires more farmers skilled in (ICT) and a mature 
services industry. 

+ 

Business 
development in 
agrifood chains 

PA offers many opportunities for service industry 
(sensor industry, ICT, IoT, machine companies) and 
food companies (processors, logistics, retail) when the 
PA market grows. 

++ 

Multi-functional 
agriculture 

Farm holdings will focus more on farming when they 
invest in PA technologies and know how. 

=/- 

Demographic 
and rural  
development 

PA may slow down or stop the trend of people leaving 
rural areas in the EU for better life in cities because it 
creates new business opportunities and work for highly 
skilled persons. 

+ 

Food security Sensor based monitoring systems and Decision Support 
Systems (DSS) will provide farmers and stakeholders 
with better information and early warning on the status 
of crops and animals and improve yield forecasts. 

++ 

Food safety Sensor based monitoring systems and DSS plus track 
and trace systems will provide farmers, processors and 
other stakeholders with better information and early 
warning on quality of food products. 

++ 

Sustainable 
production 

PA technologies allow the production of ‘more with 
less’. The use of natural resources, agrochemicals, anti-
biotics and energy will be reduced to the benefit of both 
farmers and the environment, thus in turn society. 

++ 

Climate change 
and action 

See sustainable production and food security. Farmers 
and stakeholders can detect effects of climate change on 
agricultural production in an earlier stage and take 
action. 

+ 

*++ and + are positive, = is neutral or unknown, - and -- are negative effects  
Source: EPRS, 2016 
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According to Paustian and Theuvsen (2017), in Germany 30% of farms have adopted 
precision farming technologies. 

In France, the Observatoire des Usages de L'Agriculture Numérique (Observatory of 
Digital Agriculture, 2017) collects data on precision agriculture. According to the 
information on the website, in 2017, nearly 1 million hectares of agricultural land were 
remotely sensed, of which about 85 percent was satellite imagery and 15 percent was drone 
or aircraft imagery. Thanks in large part to France's Naïo Technologies, more than 100 robots 
are used for weed control in arable vegetable production and more than ten in vineyards. 
About 4% of French field crop farmers use computer controlled variable rate input 
application, mostly for fertilizer. About 20% of farmland in France has professionally 
developed soil maps. Almost 1 million ha of farmland in France was managed with remotely 
sensed data in 2017. Roughly, 85% of the remote sensing is by satellite and 15% using drones 
or aircraft. 

Precision agriculture technology is readily available in the Ukraine. According to 
Hrynevych and co-authors (2022), professionals working in the agro-sector need to gain an 
understanding of how this concept works and regularly update their knowledge of innovative 
technologies. 

The majority of farms in Serbia are between 2 and 5 hectares, and only 16 percent of 
arable land is owned by larger farms and cooperatives. A further problem is that the average 
age of farmers on family farms is 59 years, which makes the adoption of precision farming 
technologies slow (Tagarakis et al., 2018). At the same time, Serbia is the only non-EU 
country that has access to satellite imagery from the EU's Earth observation programme 
(Copernicus). The practical application and promotion of precision farming is carried out in 
collaboration with the Krivaja Agricultural Society. Krivaja started precision farming on 
more than 2,000 hectares three years ago and officially became the first digital farm in Serbia 
in 2018. 

When evaluating the uptake of precision farming in Europe, it should be noted that the 
average farm size in the EU is 17 hectares, which is one tenth of the average farm size in the 
US (175 hectares) and 47 times smaller than in Australia (800 hectares) (Dryancour, 2017). 

 
Hungary 
 
In the beginning, precision farming meant only information-based management applied 

to crop production. Advances in spatial information technology and rapid analytical 
techniques have laid the foundations for site-specific farming. The emergence of precision or 
site-specific agriculture in its present sense began in the 1990s in the world's developed 
agricultural countries (United States, England, Germany), but in Hungary it started to spread 
later, through satellite positioning. In the 2000s, the tools that still form the basis of precision 
farming were developed, based on the widespread use of GPS, the possibility of a high degree 
of automation of agricultural machinery and the emergence of advanced geographic 
information systems (GIS) (Jóri, 2017). 

Today, the most intensive practical implementation of precision agriculture in Hungary 
is on arable land. Digital technologies are much better known and more frequently used in 
crop production and horticulture than in animal husbandry and livestock breeding. According 
to Halas (2017), „There is a very intensive growth in the number of dairy cattle farms 
practicing precision farming, with many countries now using digital technologies on large-
scale farms. The first IT-enabled pig farms were established in Australia, followed by 
Western Europe and North America. Alongside Australia, Europe is still leading the way in 
research to develop the technology.” 
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According to Hadászi (2018b), precision farming is (also) a widespread concept in 
Hungarian agriculture, however, each machinery manufacturer develops precision tools for 
their own brand, which are not compatible with each other. Thus, the data collected by the 
machines, which are highly valuable for precision technologies, are not compatible with each 
other. Hungarian farmers do not have a single brand of machinery, so this isolation poses a 
problem for the spread of precision solutions. Precision technologies will only really work 
well in Hungarian agriculture if these developments can be integrated into a system for 
compatibility. “Farmers use only 20 percent of the extremely valuable data from machines.” 
Hadászi (2018a). It can be seen that the toolbox for precision agriculture is a mixed picture. 
It is not an easy task for farmers to find the optimal solution for them, as each farm has its 
own unique possibilities and conditions and there is currently no universal solution.  

In 2018, the Institute for Agricultural Economics Research conducted a questionnaire 
survey to assess the IT skills of Hungarian farmers and company managers who are 
professionally involved in agricultural production towards the use of digital tools and 
information systems on their farms. The non-representative, voluntary survey yielded 760 
valuable responses. 84 percent of respondents, 640 people, indicated the field crop sector as 
their field of activity (including grassland and field vegetable production). The farms 
typically cover less than 200 hectares (88 percent) and the online survey has shifted the age 
of respondents towards the younger age group. The presence of digital technologies and tools 
on farms is very low. The highest proportion (35 percent) of arable farmers use satellite 
positioning. 20 percent of the responding arable crop farmers indicated that they use a line 
guide or automatic steering. Differentiated application (e.g. sowing, fertilisation) is used by 
11% of respondents, with even lower use of remote monitoring systems, crop sensors in the 
crop and yield mapping. The study of the Research Institute of Agricultural Economics 
provides an overview of the trends observed in the digitalisation of agriculture, and the 
domestic situation of precision arable crop production in Hungary. During the survey, they 
investigated how different information sources are used by farmers to obtain knowledge 
about PA; sought farmers’ opinions on the barriers and drivers to the diffusion of these 
technologies; recorded their judgement on the contribution of PA to sustainability; and 
collected their experiences (if any) following the adoption of these technologies. Based on 
their questionnaire surveys, it is unfavourable that some farmers (1-5 per cent, depending on 
the technology examined) have tools suitable for PA but do not use them, and approximately 
70 per cent of the non-adopters do not plan to use any of the examined tools and technologies. 
The planned digital investments are of low value (typically below HUF 500,000, which is 
enough to buy at most sensors or accessories), but it depends on the farm size. Respondents 
aged between 31 and 40 years have better digital competences and the greatest willingness 
to invest. In 2018, 54 of the 615 respondents claimed to be involved in PA to some extent 
(Gaál and Illés, 2020).  

We also made a primary research of farmers in Hungary in 2022 what they think about 
the role of precision technology. The respondents farm are from all Hungarian counties. The 
52.3% of respondents have a degree, only one farmer has a primary school education.  

93 of the 110 respondents are exclusively involved in crop production. 75% of farms has 
between 1 and 10 employees. 33 farms are between 100 and 499 hectares and 15 farms are 
more than 1,000 hectares in size. 58 percent of farmers use precision support system. 81 
percent of respondents consider that precision agriculture is important. Nearly 70 percent of 
respondents think that precision technology systems are too expensive. 31 percent of farmers 
said that they would like to have more knowledge about precision technologies, mainly 
concerning productivity (yield and quality, etc.), plantation condition (plant growth status, 
soil analysis) and the distribution of inputs (irrigation water, organic fertilisers, and 
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fertilisers). 52 percent of the farmers think that policy makers in the industry (financial 
support, legal environment) should take action to make precision farming more accepted in 
practice. More than half of the respondents think it would also be important task to deal with 
it more intensively in higher education. 

Overall, precision farming is becoming increasingly popular in practice. With the 
possibilities offered by the system, work can be done more accurately and at the right time, 
saving pesticides, fertilisers, other inputs and fuel, making farming more profitable and 
protecting the environment. The weaknesses of precision farming are that it is unfortunately 
very expensive and time-consuming to set up a complete system and that it requires the right 
skills to use the tools. A further weakness is that once a precision system is purchased, the 
buyer does not receive the necessary training to put it into operation after the purchase. 
Another disadvantage is that not all machines, systems and applications are available in 
Hungarian. This can cause difficulties for everyday users in agriculture. 

The system risk is that it could cause problems with incorrect data management. A 
potential risk is a satellite or internet connection failure, for example, when a workflow with 
automatic steering fails. Such problems are most likely to occur in border areas or in places 
where you have to work in the cover of tall trees or a mountainside. 

 
The future 
 
In the coming decades, technology will develop a lot further and many new tools will 

help farmers to farm. The more tools we use connected as part of a system, the more 
efficiently we can work the land. A digital networked system will result in higher yield 
averages and better quality crops, as well as less inputs to the land, less greenhouse gas 
emissions to the atmosphere and a more environmentally friendly farming system than today. 
This is also crucial because the amount of arable land is steadily decreasing due to 
urbanisation and the growth of industry, and we are building on land where production used 
to take place. Some estimates suggest that by the turn of the century the world's population 
could reach ten billion and agriculture will have to support it. The logical solution to the loss 
of land and population growth is to maximise production capacity, which can only be 
achieved by using a complete digital network. Soon, robots and unmanned heavy machinery 
will begin to proliferate and replace human resources in a given position to do the most 
precise work possible with the help of sensors and IT systems (Tamás, 2017). 

Robotics technology and artificial intelligence, which have been applied in some 
countries in the world, will be the future direction of precision agriculture development, but 
they need to be adapted to fit local conditions in different areas. As precision farming grows, 
so do threats, including cyber threats, which are on the rise as hackers are able to exploit this 
technology. 

According to Grispos and Doctor (2022) cyber attacks against agricultural targets are not 
some distant threat; they are already happening. In 2021, for example, a ransomware attack 
shut down one-fifth of US beef processing plants. Similarly, an Iowa grain storage 
cooperative was targeted by a group who claimed to have stolen data from the cooperative. 
While previous attacks have targeted larger corporations and cooperatives, individual farms 
may also be at risk. The incorporation of IT technologies into farm equipment, from GPS-
guided tractors to artificial intelligence, potentially increases the ability of hackers to attack 
this equipment. Moreover, while farmers may not be ideal targets for ransomware attacks, 
farms can be tempting targets for hackers with other motives, such as terrorists. For example, 
an attacker could exploit vulnerabilities in fertiliser application technologies, which could 
result in a farmer unwittingly applying too much or too little nitrogen fertiliser to a particular 
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crop. The farmer could then either end up with a smaller crop than expected or with over-
fertilised land, leading to waste and long-term environmental consequences. Worst-case 
scenario could be a malicious actor taking full control of large machinery, particularly if it is 
carrying dangerous chemicals, in a highly populated area or along a busy road. 

 
 
Conclusions 
 
Precision farming is generally an information and technology-based farming system that 

identifies, analyses and manages spatial and temporal variability in fields for optimal 
productivity, profitability, sustainability and safety while rationalising production costs. The 
growing environmental awareness of the population requires changes in agricultural 
management practices to sustainably preserve the quality of natural resources (water, air, 
soil) while maintaining farm profitability. The practical areas of precision farming are not 
only crop, livestock and viticulture, but can also be applied to other sectors, such as 
horticulture, forestry, fish farming, biotechnology, etc.  

In our opinion, precision farming is needed in Hungary to increase the output of 
agriculture in a meaningful way. Today, as a result of progress, various digital tools and the 
software that facilitates their use are available to almost all users in Hungary.  

Precision agriculture typically involves the use of state-of-the-art machinery, and 
therefore the use and maintenance of the associated machinery and equipment requires 
appropriate expertise. The introduction of precision practices is an investment-intensive 
process, which is why their uptake by small and medium-sized farms is currently limited. 
Precision farming is a practical expression of digital farming, but it also raises the issue of 
farmers' inability to use agricultural information technology properly. Like all new 
technologies, the introduction of precision farming requires new skills from farmers.  

In fact, precision agriculture can offer solutions to mitigate the adverse effects of climate 
change, to feed a growing population (food quality and crop safety), to protect the 
environment and to promote sustainability. Precision technologies can make a major 
contribution to sustainable food production, as efficient production also means a reduction in 
the emissions and ecological footprint of livestock production. At the same time, however, 
we must not overlook the need to look at the economical and economic context, in addition 
to creating new technical and technological development solutions.  

The development of integrated systems, linking existing systems, is a key element for 
the future of agriculture. In our experiences, much progress has been made in the 
development of precision farming over the last decade, and precision farming has become 
accessible and good practice, but its full potential has not yet been exploited. In our opinion, 
Hungary is not lagging behind the world in the application of precision technologies, but a 
change of attitude is needed for all actors to spread them. To sum up, precision farming is 
becoming more popular and farmers are opening up to the opportunities offered by 
digitalisation, but the coutries must pay more attention to the new risks. These threats also 
pose a risk to the food supply. 
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