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ABSTRACT

Given that digitisation in agriculture is currently one of the most important ongoing developments in
the agri-food sector in Germany, this paper presents the opportunities, risks and obstacles to implementing digitisation technologies on the German farm enterprise level. Based on an empirical survey
with a response rate of 8.4 % carried out at the beginning of 2018, 329 questionnaires on this topic
were evaluated and analysed. A factor analysis was used to conceptualise 20 variables regarding the
individual opportunities, risks and obstacles to the implementation of digitisation technologies into 6
factors. It revealed positive effects of the use of digital systems, such as various economic and ecological advantages, as well as improved operational coordination. Risks of a socio-economic and financial
nature could also be integrated. A lack of both knowledge and infrastructure continue to be major
obstacles on the road to agriculture 4.0. Consequently, there is still a need for action in many areas to
facilitate the implementation of digital systems in agriculture and to improve the functionality of the
systems currently in use.
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1. INTRODUCTION
Digital progress, one of the most important global transformation processes, is also predominant in
German agriculture (Rohleder and Krüsken 2016). The use of digitisation technologies aims to increase
the productivity and efficiency of agricultural production thereby contributing to sustainable development (El Bilali and Allahyari 2018). Basic technologies, such as positioning systems and the use of sensors, can launch a new era of agriculture 4.0. They permit the precise positioning of agricultural machinery in the field and optimise the use of plant protection products and pesticides in a site-specific
manner (Mintert et al. 2016; Weltzien and Gebbers 2016). Radio-frequency identification technologies
and sensors are used for individual animal recognition, the measurement of health parameters or to
control stable technology (Weltzien and Gebbers 2016; Doluschitz and Spilke 2002). Farm Management Information Systems (FMIS) can be used to support farm data management by linking and automatically processing information from public sources and farm operating data (Griepentrog 2011;
Wolfert et al. 2017). Despite far-reaching explanations of the opportunities that digitisation can open
up in agriculture, the current state of digitisation in agricultural enterprises in Germany should be kept
in mind. The goal of a cross-corporate data hub to link, collect and document data barrier-free along
the value chain and to analyse the data fully automatically, is still a long way off (Möller and Sonnen
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2016). The aim of this work is to identify the opportunities, risks and obstacles to implementing digitisation technologies in German agriculture in order to derive suitable recommendations for action on
the adoption of digital systems.

2. METHODOLOGY
Given the explorative nature of the research aim, a written quantitative online survey was conducted.
The sample consists of freely accessible e-mail addresses of agricultural training enterprises and registered cooperatives throughout Germany. The survey was carried out in two phases between the beginning of January and mid-February 2018. A total of 4,731 subjects could be contacted, of which 800
e-mails were undeliverable. The response rate to the survey was 8.4 %. The low rate is probably due
to the fact that the farm enterprises receive a large number of surveys and, therefore, not all of them
can be motivated to participate. Due to the selection of the sample (online portals, cooperative register), the responding farms in the sample reflect significantly larger farm structures than the average
data provided by the German Farmers' Association (sample: Ø 470 ha UAA1, median: 160 ha UAA /
German Farmers' Association 2018: Ø 60.5 ha UAA) (Deutscher Bauernverband 2018). The company´s
legal form of joint partnerships and legal entities are more strongly represented among the farmers in
this survey. From a demographic point of view, it can also be seen that the educational level of the
sampled farmers is well above the German average. These results can be explained by the fact that
only agricultural training enterprises could be interviewed when selecting addresses. These farmers
have a higher standard of education and it is assumed that they mainly represent full-time farm operating managers and they farm a larger agricultural area.
Overall, the results of this survey cannot be regarded as representative of German agriculture as a
whole. Nevertheless, farms above the growth threshold of 100 ha are represented at an above-average
rate (70.4 %). Against the backdrop of the ongoing structural change in agriculture, it can be assumed
that farms will continue to grow (Stockinger 2009). Consequently, the current above-average size of
the farms in the sample will, in future, be representative of German agriculture.
In the following, the structure discovering procedure of explorative factor analysis is used. The aim of
this procedure is to reduce data by combining several variables into a smaller number of common
factors. The method used to extract the factors is principal component analysis. In order to assess data
quality, the Kaiser-Meyer-Olkin criterion (KMO) and Bartlett's significance were selected as the test
parameters (Bühl 2014). Using factor analysis, 20 items were reduced to six extracted factors. The KMO
measurement is 0.787 and can, therefore, be rated as "quite good" or "almost deserving" (Kaiser and
Rice 1974). The significance of 0.000 underlines the suitability of the selected variables.
Further calculations were made with the six factors formed. Firstly, mean value comparisons were
calculated, whereby the individual factors as dependent variables were compared with the size of the
enterprise and the educational level. In addition, correlation calculations were performed between the
six factors and the variable estimate of the current significance of digitisation. In addition, correlation
calculations were performed with variables that include the significance of individual digital systems
(IT systems, automation, data management, intelligent machines, sensors, airborne systems).
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3. RESULTS
Table 1: Result of factor analysis, sum of declared total variance= 63.28 %; KMO=0.787; rotation
method: Varimax; scale from 1 (very large) to 6 (very small); source: Own survey
Factors

Factor loading

Factor 1: Economic and ecological advantages (*0.863)
Improved animal welfare
Early detection of animal diseases
Increased resource efficiency
Cost savings
Positive effects on the environment
Time savings

0.836
0.785
0.752
0.747
0.740
0.685

Factor 2: Improved cross-corporate coordination (*0.703)
Compliance with the obligation to provide evidence for official controls
Improved transparency

0.877
0.757

Factor 3: Socio-economic risks (*0.638)
Job losses
Existential risk for small and medium-sized enterprises
Overly complex topic
Data protection
Fear of increased controls

0.790
0.735
0.574
0.423
0.375

Factor 4: Financial risk (*0.535)
Investment risk
Uncertainty whether high investments will generate a return

0.830
0.592

Factor 5: Educational deficits (*0.682)
Lack of practice-oriented application examples
Concerns about the functionality and reliability of technology
Lack of digital competence

0.810
0.693
0.659

Factor 6: Lack of infrastructure (*0.558)
Lack of broadband expansion
Lack of technology or software compatibility

0.791
0.743

*Cronbach's ɑ
On the basis of a factor analysis of the variables of the topic areas of opportunities, risks and obstacles
to implementing digitisation technologies, six areas could be identified that are of particular relevance
to the subjects. Table 1 depicts an overview of the results of the factor analysis.
Factor 1 (economic and ecological advantages) is loaded by six elementary variables that are classified
as opportunities in connection with the implementation of digital systems in farm enterprises: positive
effects on the environment, cost savings, increased resource efficiency, early detection of animal diseases and improved animal welfare. Additional calculations with this factor confirmed that farms with
a higher area endowment classify the economic and ecological advantages of using digital technologies
as significantly greater (H-test, p=0.030). It could also be confirmed that graduates of universities or
universities of applied sciences attribute higher value to the advantages than master craftsmen or

12th EFITA International Conference | Rhodes Island, Greece | June 27-29, 2019

218

Digitizing Agriculture
technicians (U-test, p=0.025). In addition, the Spearman correlation produced highly significant correlations between the importance of all listed digital systems and the assessed economic and environmental benefits of using the technologies. The positive correlations are listed in the following: data
acquisition, management and analysis (r=0.410, p=0.000), Intelligent agricultural machinery (r=0.382,
p=0.000), automation (r=0.341, p=0.000), sensors (r=0.311, p=0.000), airborne systems (r=0.296,
p=0.000) and IT systems (r=0.244, p=0.000). From these results it can be concluded that the economic
and environmental benefits of digital technologies are deemed to be substantial as soon as they are
implemented on farms. Overall, it can be deduced that farms with larger utilised agricultural areas are
increasingly using digitisation technologies and that they clearly benefit both economically and ecologically. By means of corresponding economies of scale, which occur when more land is farmed, large
enterprises derive greater economic benefit and consequently rate the implementation of digital systems as more positive. The results also show that skilled workers are needed in order to benefit from
digitisation. In addition, improved cross-corporate coordination, which represents factor 2 and loads
on two elementary variables (improved transparency, compliance with the obligation to provide evidence for official controls), is seen as an opportunity to use digitisation technologies on farms. The
Spearman correlation provided highly significant results regarding the relationship between factor two
and the importance of data management systems (r=0.261, p=0.000) and IT systems (r=0.263,
p=0.000). Therefore, it can be concluded that farmers using digital systems to support their data management see this as a clear improvement in cross-corporate coordination.
Factor 3 reflects the socio-economic risks that are classified by the subjects through the implementation of digital systems. Here, the variables fear of increased controls, data protection, overly complex
topic, existential risk for small and medium-sized enterprises and job losses play a particularly important role. In addition, elementary variables (uncertainty whether high investments will generate a
return; investment risk), which are related to financial concerns about the digitisation of agricultural
enterprises, load on factor 4 (financial risk). This factor represents a statistically significant negative
correlation with the importance of digitisation (r=-0.140, p=0.020). This illustrates that the profitability
of digital systems is questioned by non-users and can be cited as a proven reason why farmers do not
invest in the purchase of digital systems.
Obstacles to the implementation of a digitisation strategy, which farmers have rated as particularly
relevant, are reflected in factor 5 (educational deficits). It summarises the elementary variables lack of
digital competence, concerns about the functionality and reliability of technology and a lack of practiceoriented application examples. These barriers can be attributed to a lack of education about the functions of digital technologies. In addition, elementary variables (lack of compatibility of technology or
software, lack of broadband expansion), which indicate a lack of infrastructure, are summarised in
factor 6. This factor correlates significantly and positively with the use of the following digital systems:
data management (r=0.145, p=0.015), intelligent agricultural machines (r=0.256, p=0.000), automation
(r=0.120, p=0.045) and sensors (r=0.194, p=0.001). These results prove that although individual digital
systems are already established on farms and play a major role, the problem of the lack of infrastructure is ongoing. Therefore, it can be concluded that the lack of compatibility of technology or software
and the lack of broadband expansion not only constitute an obstacle to the establishment of digital
technologies, but also pose a problem for users of extensive digital systems.

4. DISCUSSION AND CONCLUSIONS
On the basis of the factor analysis carried out in connection with the topic areas of opportunities, risks
and obstacles to implementing digitisation technologies, six areas could be identified which are of particular relevance to the subjects (KMO=0.787; p=0.000). Various economic and ecological advantages
(Cronbach's ɑ=0.863) and improved cross-corporate coordination (Cronbach's ɑ=0.703) through the
use of digital technologies were seen as major opportunities. The various risks, on the other hand,
could be defined as socio-economic (Cronbach's ɑ=0.638) and financial risk factors (Cronbach's
ɑ=0.535). The educational deficits (Cronbach's ɑ=0.682) and a lack of infrastructure (Cronbach's

12th EFITA International Conference | Rhodes Island, Greece | June 27-29, 2019

219

Digitizing Agriculture
ɑ=0.558) were seen as obstacles. As the size of the farm enterprise and the level of education increased, the economic and ecological benefits were seen as greater (H-test, p=0.030; U-test, p=0.025).
This confirms that economies of scale enhance the benefits of using digital technologies and that skilled
workers need to be available to take advantage of digitisation. A profitability calculation by Lopotz
(2013) confirms that the profitable use of digital systems for site-specific farming is very dependent on
the homogeneity of the location, the size of the agricultural area used and the management capabilities. This conclusion underlines the results obtained which indicate that the extent of the use of technical systems depends on the educational level and the size of the farm enterprise (Lopotz 2013). It
has also been confirmed that when digitisation technologies are implemented on farms, the benefits
are proven in practice. What is particularly worth noting is that the use of IT systems that simplify data
management plays a particularly important role in improving cross-corporate coordination (r=0.263,
p=0.000). It also has been stressed that the lack of compatibility of technology and software (factor
loading: r=0.743), and the lack of broadband expansion (factor loading: r=0.791) constitute problems
for users of digital systems. Holster et al. (2012) confirm that these issues constitute a major challenge
to achieving the goal of networking and exchanging data. Thus a lack of infrastructure on the way to
agriculture 4.0 is still a major obstacle (Holster et al. 2012).
Positive effects can be demonstrated through the use of digital systems. However, there is still a need
for action to facilitate the implementation of digital systems in agriculture and to improve the functionality of the systems currently in use.
Countries are required to digitise area data and make it available free of charge. Similarly, specific
instructions for agricultural input should be digitised and made available in order to automatically
check compliance with legal or voluntary standards (Deutscher Bauernverband 2016). Uniform data
standards along the entire value chain should be introduced and incentives should be given to offer
exclusively manufacturer independent applications and software which is compatible across platforms. Individual initiatives, such as standardised interfaces between tractors, tools and computers
(ISOBUS), have not yet been sufficiently accepted in practice. Alternatively, research must advance
solutions for universally compatible data integration and networking using semantic technologies. Furthermore, there should be clear legal regulations regarding data exploitation rights and data protection.
In order to overcome the educational deficits, knowledge about modern, digitised technology should
be imparted both in agricultural training and in university studies. Training also has an important role
to play in facilitating the use of digital systems and reducing inhibitions and prejudices in farmers who
are on average older.
One starting point for an economic use of digital systems in small-scale agriculture is the creation of
inter-company cooperation (e.g. machinery sharing, cooperatives). Qualified services from contractors
are another option. More cost-effective applications, such as simple agricultural apps or farm management information systems, could potentially help to organise business processes more efficiently and
save time by facilitating documentation.

REFERENCES
Bühl, Achim (Ed.) (2014) ‘SPSS 22. Einführung in die moderne Datenanalyse’, 14th edition Pearson
Deutschland: Pearson.
Deutscher Bauernverband (2016) ‘Landwirtschaft 4.0-Chancen und Handlungsbedarf’, Positionspapier
des Präsidiums des Deutschen Bauernverbandes. Available online at http://media.repromayr.de/34/661134.pdf.
Deutscher Bauernverband (2018) ‘Situationsbericht 17/18. 3. Agrarstruktur’. Available online at
http://www.bauernverband.de/33-betriebe-und-betriebsgroessen-803628, last accessed on
29.03.2018.

12th EFITA International Conference | Rhodes Island, Greece | June 27-29, 2019

220

Digitizing Agriculture
Doluschitz, Reiner; Spilke, Joachim (2002) ‘Agrarinformatik’, Stuttgart (Hohenheim): Ulmer (UTB für
Wissenschaft Agrarwissenschaften, 2230).
El Bilali, Hamid; Allahyari, Mohammad Sadegh (2018) ‘Transition towards sustainability in agriculture
and food systems: Role of information and communication technologies’, Information Processing in Agriculture, 5 (4), pp. 456–464. doi: 10.1016/j.inpa.2018.06.006.
Griepentrog, Hans W. (2011) ‘Smart Farming: Praxisreife Lösungen, Erfordernisse und Techniken für
morgen’, DLG Pressedienst 2011. Available online at http://presse.dlg.org/pdf/dlg.org/1/4937.
Holster, Henri; Horakova, Sarka; Ipema, Bert; Fusai, Benedicte; Gannerini, Ginfranco; Martini, Daniel;
Shalloo, Laurence; Schmid, Otto (2012) ‘Current situation on data exchange in agriculture in the
EU27
&
Switzerland.
Final
Report’. Available
online
at
http://library.wur.nl/WebQuery/wurpubs/fulltext/206268.
Kaiser, H.; Rice, J. (1974) ‘Little Jiffy, Mark IV’ Educational and Psychological Measurement’ (34), pp.
111–117. Available online at http://journals.sagepub.com/doi/pdf/10.1177/001316447403400115.
Lopotz, Harald (2013) ‘Precision Farming: Rechnen sich die Investitionen?’, Landwirtschaftskammer
Nordrhein-Westfalen, 2013. Available online at http://www.duesse.de/rueckblick/pdf/2013-0619-rentabilitaet-pf.pdf, last accessed on 28.04.2018.
Mintert, J.; Widmar, D.; Langemeier, M.; Boehlje, M.; Erickson, B. (2016) ‘The challenges of precision
agriculture: is big data the answer?’, Paper presented at the Southern Agricultural Economics
Association (SAEA) Annaul Meeting; San Antonio, Texas; February 6-9, 2016. Available online at
https://ageconsearch.umn.edu/bitstream/230057/2/THE%20CHALLENGES%20OF%20PRECISION%20AGRICULTURE_manuscript_SAEA_2016.pdf.
Möller, Jens; Sonnen, Johannes (Ed.) (2016) ‘Datenmanagement in Landwirtschaft und Landtechnik.
Intelligente Systeme- Stand der Technik und neue Möglichkeiten’, Ruckelshausen, A., et al. (Ed.):
Lecture Notes in Informatics (LNI), Gesellschaft für Informatik, Bonn, pp. 133-136. Available
online at https://dl.gi.de/bitstream/handle/20.500.12116/788/133.pdf?sequence=1.
Rohleder, Bernhard; Krüsken, Bernhard (2016) ‘Digitalisierung in der Landwirtschaft’, Bitkom; Deutscher Bauernverband. Berlin, 2016. Available online at https://www.bitkom-research.de/WebRoot/Store19/Shops/63742557/5819/BD75/5F7A/C381/3D6E/C0A8/2BBA/AC3
8/Digitalisierung_in_der_Landwirtschaft.pdf.
Stockinger, C. (2009) ‘Was entscheidet über die Entwicklungsfähigkeit eines Betriebes? Chancen und
Anforderungen an Familienbetriebe’, Deutsche Landwirtschafts-Gesellschaft (Ed.) (2009): Landwirtschaft 2020. Herausforderungen, Strategien, Verantwortung. Frankfurt a. M, pp. 101–1017.
Weltzien, Cornelia; Gebbers, Robin (2016) ‘Aktueller Stand der Technik im Bereich der Sensoren für
Precision Agriculture’, Arno Ruckelshausen et. al (Ed.): GI-Edition Band 253 - Informatik in der
Land-, Forst- und Ernährungswirtschaft, 36. GIL-Jahrestagung in February 2016, Osnabrück.
Bonn: Köllen. Available online at http://www.gil-net.de/Publikationen/28_217.pdf.
Wolfert, Sjaak; Ge, Lan; Verduow, Cor; Bogaardt, M. (2017) ‘Big Data in Smart Farming- A review’, Agricultural Systems, 153, pp. 69–80. doi. https://doi.org/10.1016/j.agsy.2017.01.023

12th EFITA International Conference | Rhodes Island, Greece | June 27-29, 2019

221

