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Abstract. Agriculture 4.0, as a vision of agricultural development, has great 

potential for limiting undesirable and harmful pollution of the natural 

environment resulting from agricultural activity. The multidimensional and 

cumulative nature of negative phenomena, mainly related to the chemization of 

agriculture, raises challenges, related to, among others, to the development of 

information and communication technologies. The aim of this paper is to 

provide knowledge about Agriculture 4.0 in Poland, including current 

opportunities and barriers to its development. The background for the presented 

issues is the development of a low carbon economy. In Poland, there are 

Information and communication technologies as well as robotics available, 

which can provide the basis for solving ecological problems in agricultural 

production. However, according to analyses, farmers constitute the largest 

social group in Poland without access to computers and the Internet. 
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1 Introduction  

Contemporary agriculture in order to consciously and deliberately control the 

biological processes of plants and animals, taking into account the issues of 

environmental protection, requires much greater knowledge of farmers than it used to 

do a dozen or so years ago. Agricultural producers operate in an increasingly 

complex, competitive economic realm and must have knowledge not only in 

technology and production techniques in agriculture, but also in such fields as 

economics, law and ecology [20]. In this context, computerization of production and 

management processes in agriculture is more and more often indicated as a future 

direction of change. The concept of digital transformation of agriculture is defined in 

the literature of the subject and the development programs of many institutions and 

organizations (e.g. European Agricultural Machinery) as Agriculture 4.0 [8]. 

Similarly to the concept of Industry 4.0, the transformation process in Agriculture 4.0 

aimed at increasing competitiveness is also implemented through the use of modern 

information technology [18]. 

 



 

 

2 Methods and sources of materials 

The main objective of the work is to provide knowledge about modern trends related 

to Agriculture 4.0 in Poland, including current opportunities and barriers to its 

development. These issues were discussed in the context of the development of low 

carbon agriculture in Poland on the example of plant protection activities. The article 

presents statistics on the use of information and communication technologies in rural 

areas in Poland. The literature analysis of the subject was used to identify the status 

and technical capabilities of ICT in the subject matter studied. 

3 Opportunities of using information and communication 

technologies in plant protection  

As it was mentioned above, modern information technologies are used in all sectors 

of the economy. In agriculture, information technologies have been used in both plant 

and animal production. As Mueller et al. point out, nowadays it is not difficult to 

indicate possible applications of ICT in agriculture [16]. Information technologies 

provide users with the tools by which they can acquire, select, analyse, process, and 

even manage information (Figure 1).  

 

 

Fig. 1. Precision agriculture information flow in crop production [5]. 

Agricultural producers have the opportunity to use modern decision-making tools, 

including those regarding fertilization, plant protection and livestock feed. A number 



 

 

of examples of advanced information technology used in agriculture can be found in 

precision agriculture. Thanks to information and communication technologies, a 

farmer can acquire and expand knowledge, make contacts with other producers, 

promote his products and services, order necessary means of production, and handle 

official affairs [6]. 

Significant, from the point of view of the subject of this paper, is the use of ICT in 

the aspect of low-carbon agriculture, i.e. high-yielding agricultural practices that 

maximally limit threats for natural environment [19]. It is acknowledged that the use 

of digital techniques is one of the most effective and necessary approaches to the 

implementation of resource efficient and low carbon agriculture [23]. Innovative ICT 

solutions enable the most current data to be used in real-time and tailored to the needs 

of the user [4]. 

On farms, decision-making processes in the field of chemical plant protection in 

Poland are often supported by tools in the form of computer systems and applications. 

In the most elaborate form, these are decision support systems (DSS), i.e. information 

systems for collecting, processing and providing information to the end user in order 

to facilitate accurate decision making [21]. A plant health decision support system is a 

set of procedures and instructions to help a farmer (or an adviser) make the right 

decision to protect the plantation (Figure 2). There are separate systems for individual 

pests/crops. For example, one of the best known systems supporting decision-making 

in potato protection against P. infestans in Poland is NegFry [13]. 

 

 
 

Fig. 2. Typical Decision Support System [12]. 
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A typical decision support system comprises from the following elements:  

• The Database and the Database Management System;  

• The Model Base and the Model Base Management System (MBMS); 

• The Dialog Generation and Management System [12].  

It is worth emphasizing that the development of decision support systems is also one 

of the tools to facilitate the implementation of the principles of integrated crop 

protection. The first works on the development of the "Internet Decision Support 

System for Integrated Plant Protection" were launched in Poland in 2001. The work 

was carried out in collaboration with the Danish Institute of Agricultural Sciences, 

which provided prototypes of disease models [17]. Currently, under mandatory since 

January 1, 2014 introduction of integrated plant protection system in Poland, state 

institutions provide farmers with access to information and monitoring of harmful 

organisms and making appropriate decisions regarding the use of plant protection 

products. The Plant Protection Institute conducts signalling of pests’ occurrence 

(access via the website http://www.agrofagi.com.pl/). The farmer, on the basis of the 

descriptions of morphology, biology and control of pests, which are available on the 

Institute's website, can independently determine the threat to his crops and make an 

appropriate decision regarding plant protection. The Main Inspectorate of Plant 

Health and Seed Inspection (www.piorin.gov.pl) also operates an online signalling 

system based on short-term prognoses of disease and pest development. It provides 

assistance to the farmer in deciding about the need for plant protection.  

Agricultural producers in Poland have also increasingly wide choice of computer 

software to support farm management. Professional handling of a farm with plant 

production may be supported with such programmes as AgroNet, Agridata, Elmid, 

Agronom i FarmWork. Advanced programs enable GPS monitoring with data 

analysis, route, location and speed recording, planning of services and farming 

treatments. On Polish market there are also available numerous computer programs to 

support the management of animal production in farms. The use of these types of 

programs can greatly help to keep the farm running while simultaneously contributing 

to its faster development, optimizing production costs while reducing excessive 

pollution of the natural environment. 

In recent years, the market of mobile applications, aimed at facilitating pest control 

in agricultural, vegetable and fruit crops, is also dynamically developing in Poland, 

An example of this type of application is "e-pole". In the application you can read the 

description of plant protection products, the list of diseases, weeds and pests 

controlled, the recommendations on doses and crop rotation. It is also possible to read 

the label of each product. The application is available for Android, iOS and Windows. 

There are also applications available for amateur and hobbyist plant growing, such as 

the "Doktor Kwiatek" application (Figure 3).  

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Dr Kwiatek - Android Apps on Google Play (screenshot) [7]. 

The "Doktor Kwiatek" application contains an illustrated database of the most 

common diseases and plant pests. With the application, there is an option to consult 

the advisor (by taking a photo of the problem with a description and sending it to the 

Plant ER). The application contains the most important information about plant 

protection products such as: product names, their purpose or preharvest interval. The 

application may be downloaded at no additional cost and its proper functioning 

requires only a smartphone with Android 4.0 or its higher versions. 

In the context of Agriculture 4.0, in addition to systems, programs and 

applications, an important issue are modern methods and techniques of data 

collection. Currently, there is a real revolution taking place in the way information 

about crops for precision farming is obtained from the air, mainly due to small, 

relatively inexpensive unmanned aerial vehicles - drones with mounted multispectral 

cameras [15]. Obviously, in this case, it is also necessary to use appropriate software 

for proper interpretation. Drones can also be potentially used as robots to perform 

protective procedures. Undoubtedly, the advantages of using drones as agricultural 

machines include the lack of influence on the soil structure (e.g. soil compacting in 

the case of traditional terrestrial treatments) and the possibility of reaching places 

inaccessible for field sprayers [1,9]. 

4 Current status and barriers of use of Agriculture 4.0 in 

Poland  

In literature, there is no comprehensive study on the availability and the use of ICT in 

Polish agriculture. There are fragmentary studies, and their conclusions often point 



 

 

out that computer techniques are rapidly entering the farms in Poland, although their 

use is still relatively low. The results of empirical research obtained by other authors 

show that a small number of farmers in Poland use specialized computer programs on 

their farms [2,11]. 

The development of ICTs in rural areas is linked to many conditions - both 

technological (computer access, internet, etc.) as well as economic and socio-

demographic ones. In Poland, the residents of rural areas are still listed among the 

social groups most vulnerable to digital exclusion [10], although access to modern 

information media has become much better in recent years. The analyses on the use of 

information and communication technologies in rural areas and on farms in Poland 

are presented in tables 1 and 2 and figures 4 and 5. 

In 2016, 80.1% of Poles had access to a computer, and in rural areas - 77% (Table 

1). Significant improvements have been noted given the time range of the study. In 

2016, 60.5% of the population of rural areas in Poland regularly used computers, i.e. 

by 13.2 percentage points more than in 2010. 

Table 1. Table captions should be placed above the tables [22].  

Specification 

 

2010 2011 2012 2013 2014 2015 2016 

[%] 

Households 

posessing a 

computer 

 

rural 

areas 

 

63.7 

 

67.1 

 

69.4 

 

71.7 

 

73.6 

 

75.0 77.0 

total 

 

69.0 

 

71.3 

 

73.4 

 

74.7 

 

77.1 

 

77.9 80.1 

Regular 

computer users 

 

rural 

areas 

 

47.3 

 

49.8 

 

50.2 

 

51.4 

 

54.8 

 

56.0 60.5 

total 

 

57.7 

 

60.0 

 

60.2 

 

60.8 

 

63.5 

 

64.8 69.1 

Households with 

Internet access 

 

rural 

areas 

 

56.2 

 

61.2 

 

66.1 

 

67.8 

 

71.5 

 

72.0 77.8 

total 

 

63.4 

 

66.6 

 

70.5 

 

71.9 

 

74.8 

 

75.8 80.4 

Households with 

broadband 

Internet access 

 

rural 

areas 

 

46.9 

 

53.4 

 

60.5 

 

63.0 

 

66.7 

 

64.7 71.3 

total  

 

56.8 61.1 

 

67.0 

 

68.8 

 

71.1 

 

71.0 75.7 

 

Farmers in Poland are reluctant to use cloud computing services - disk space on the 

Internet (Figure 4). 



 

 

 
 

Fig. 4. Individuals who use cloud computing services to store files [22]. 

In 2016, Poland recorded a significant variation in the use of storage space on the 

Internet for file saving, taking into account the type of professional activity of the 

users. Cloud services were used by 35.2% of students, compared to 4.5% of farmers 

and 3.5% of retired and professionally inactive people. In each of the groups in terms 

of professional activity, an increase in the examined indicator was noted in the years 

2014-2016. 

As mentioned earlier, more and more useful information technology programs for 

farmers are available in the mobile version. The percentage of people using and not 

using mobile devices to connect to the Internet in 2016, regarding the type of 

professional activity, is shown in Table 2. 

Table 2. Individuals using and not using mobile devices to access the Internet in 2016 [22]. 

Specification Individuals using mobile 

devices 

Individuals not using 

mobile devices 

[%] 

Students 83.4 15.4 

Persons employed 34.9 50.1 

Employees 37.2 50.5 

Self-employed 39.0 50.1 

Farmers 10.4 46.3 

Unemployed 26.6 42.3 

Retired or other not in 

the labour force 

8.9 31.6 
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Agricultural producers in Poland are a professional group that makes little use of 

portable devices. A detailed analysis of the data showed that for the purpose of 

Internet connecting outside home and place of work, in 2016 farmers more frequently 

used mobile phones or smartphones rather than portable computers, such as laptops 

and tablets (Figure 5). 

 

Fig. 5. Individuals using mobile devices to access the Internet by types of device in 2016 [22]. 

Access to modern ICT tools in agriculture is an important element in determining the 

proper and efficient operation of farms in the ecological sense. In this context, the 

results of research on the use of mobile devices for connecting to the Internet by 

farmers against other professional activities are not optimistic.  

It is also worth mentioning about another factor limiting the use of ICT in Polish 

agriculture. Based on the research conducted by Borusewicz et al. [2] the relationship 

between farm size, the education and the age of respondents and the development of 

precision agriculture may be noted. Precision farming technology is better known 

among farmers up to the age of 40 who have higher education and large farms. The 

level of use of information and communication technologies is also significantly 

related to the level of development of the commune [14]. 

Conclusion  

Information and communication technologies are a very important element, the use of 

which may be important in agricultural holdings from the point of view of developing 

low carbon agriculture. Teleinformatic techniques, geolocation systems, sensors, etc. 

allow for the application of varied doses of fertilizers, plant protection agents, seeds 
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and other means of production, resulting from locally varied needs. This limits not 

only economic losses, but also a potential threat to the natural environment. 

Agriculture 4.0 can lead to faster and more flexible solutions for the organization of 

plant and animal production while limiting chemization of agriculture. 

According to the information presented in this paper, agricultural producers in 

Poland have access to technologically advanced systems, programs and applications 

in the field of plant protection. By using information and communication technology, 

a farmer can gain and broaden his knowledge of this field, which should result in 

optimal decisions in given organizational and natural conditions. In Poland, despite 

improvements in recent years, there is still a problem of access to computers and the 

Internet in rural areas. Two basic prerequisites must be fulfilled for ICT to be used: 

universal access to ICT devices and appropriate skills to use then (knowledge and 

competence). There is also a problem of low degree of integrity of available databases 

and information systems in the field of plant health in Poland. 
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