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Abstract
In this day and age, the concept of precision farming is rising in popularity and subject to an
increasing amount of studies. Although it is known that precision farming comes along with
certain benefits, the adoption rate among small farmers remains relatively low: these days, only
10 per cent of the small farmers in developed countries has adopted precision farming. Given
this low percentage, the aim of this study is to examine whether subcontracting of precision
farming allows small farmers to benefit from the techniques of precision farming as well. It was
found that subcontracting has the potential to provide small farmers with benefits of precision
farming while keeping the initial investing and learning costs low as a result of the
subcontractor´s scale effects. At the same time, after a thorough analysis, it appeared that both
subcontractors and small farmers have difficulties to turn subcontracting of precision farming
into a profitable activity. This study concludes that, at this moment, the above-mentioned
disadvantages exceed the advantages: small farmers prefer to buy less efficient precision
farming technologies themselves than to outsource it. Within this context, this study finalizes
with providing recommendations for further research regarding subcontracting of precision
farming for small farmers.
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Chapter 1 – Introduction
In this day and age, the concept of precision farming has become a widespread
phenomenon within the agricultural sector. Precision farming is a farming concept including
the efficient use of automated agriculture which gives farmers the opportunity to estimate the
quantity, quality, timing and location of various inputs which has as aim to increase the
agricultural production (Paustian & Theuvsen, 2017). Moreover, farmers could benefit from the
adoption of precision farming since it may increase their profitability by reducing costs of
fertilizer, seeds and pesticides (Kutter et al., 2011). As a result, the reduced usage of fertilizer
and pesticides will reduce environmental risks (McBride & Daberkow, 2003).
These days, precision farming is mainly deployed by farmers with a large amount of
arable land (Paustian & Theuvsen, 2017). The presence of large capital allows them to hire
professionals who could assist them with the adoption and implementing of various precision
farming techniques (Fernandez-Cornejo et al., 2001). Moreover, managers of larger farms have
more resources to assess the benefits of possessing precision farming (Isgin, T. et al., 2008).
Besides large-scale farmers, precision farming is also applied by well-educated, experienced,
and young farmers because of their ICT knowledge which helps them with the successful
implementation of precision farming (Paustian & Theuvsen, 2017). On the contrary, small and
old farmers lag behind with respect to investments in precision farming. This can be confirmed
by the fact that this group of farmers has the highest score in terms of unawareness of precision
farming (Daberkow & McBride, 2000).
At the same time, small scale farmers could benefit significantly from having access to
precision farming by getting a clear picture of the state of their arable land which would prevent
them from lagging behind on large scale farmers (Shibusawa, 2001). Given the lack of capital
of small scale farmers, there are several options available to adopt precision farming at reduced
costs. One option is data outsourcing in which only the service of data acquisition and data
interpretation will be carried out by an external party (Kutter et al., 2011). One of the problems
of this option is that small farmers still need to purchase expensive machinery for precision
farming. As an alternative, one could invest jointly in precision farming with for example
neighbouring farmers. However, it might be time-consuming to learn the techniques of
precision farming which comes along with high costs. In addition, there is also a possibility for
small farmers to virtually merge some smaller fields of different farmers with the purpose of
having a larger field which makes precision farming more accessible (Mondal & Basu, 2009;
4
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Schmidhalter et al., 2008). However, whether this virtually merging of the fields is profitable
does depend on the type of field and which enclosure a small farmer has.
A recent study indicates that subcontracting will provide the highest economic benefits
to small farmers, as it allows them to benefit from precision farming while keeping the costs of
investment low (Nquyen et al., 2019). By means of subcontracting, contractors specialize in
various precision farming techniques and provide those as a service to individual farmers. At
the same time, the contractors may realize significant economies of scale since the total amount
of equipment and learning costs are now spread among their customers who are interested in
precision farming (Nquyen et al., 2019).
Most studies in the field of precision farming are focusing on the general adoption of
this technique. Present literature on the possibilities for small farmers to subcontract precision
farming is disorganized and incomplete. By doing a literature review, the aim of this study is to
examine the possibility of subcontracting to enable small farmers to benefit from precision
farming. In other words, the problem statement for this literature study is formulated as follows:
To what extent could subcontracting enable small farmers to benefit from precision farming?
Precision
farming

Adoption of
small farms

Subcontracting

Figure 1. Conceptual model of problem statement, created by author

In order to answer this research question appropriately, it will be divided into the
following sub-questions:
1. To what extent do small farmers adopt precision farming?
2. What are the advantages and disadvantages of subcontracting of precision farming for
small farmers?
To structure this study in the right way to provide an answer on the research question, it
consists of five chapters. The first two chapters consist of the introduction and the theoretical
background in which the first sub-question: ‘To what extent do small farmers adopt precision
farming?’ will be answered. Chapter 3 encompasses the research methodology in which the
research design and data collection method is discussed. Chapter 4 provides an answer to the
second sub-question: ‘What are the advantages and disadvantages of subcontracting of
precision farming for small farmers?’ Moreover, this chapter provides some future perspective.
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Chapter 5 consists of the discussion and conclusion in which the meaning, importance, and
some limitations of this research will be discussed.
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Chapter 2 – Theoretical background
2.1 Precision farming in general
There are several definitions known in literature for precision farming. An extensive
definition has been given by Mintert et al. (2016): “Precision farming utilizes information
technology to add exactness to the quantity, quality, timing and location in the application and
utilization of inputs in agricultural production” (p. 2). The concept of information technology
within this definition covers the use of computers, drones and other physical devices to create,
process, store and secure all forms of data which can be used for the optimization of agricultural
production (Rouse & Bigelow, 2015). For instance, with the application of this information
technology, the right amount of fertilizer, seeds and pesticides could be calculated precisely
and thus realize the highest quality with the most efficient quantity at the right time and location.
In other words, precision farming is all about the right quantity, the right source and
right timing (Khosla, 2010). More concretely, it can be stated that the right quantity is about the
right amount of fertilizer, seeds, pesticides and other macro nutrients at the right time. In this
regard, it is important to clarify that precision farming is a holistic system approach which
implies that it is studied as a whole instead of some micro parts (Paustian & Leuvsen, 2017).
The above mentioned definition which implies that precision farming is a farming concept
consisting of a holistic system approach in which the right quantity, the right source and right
timing is estimated, will be followed in this study as it describes all the different aspects of
precision farming.
In another study, the concept of precision farming was defined as the management of
land variability which brings economic and environmental benefits (Blackmore, 1999). This
definition will not be followed in this study since ‘management’ is not precisely explained and
very broad which makes the definition incomplete. Precision farming defined in another way
as describing and modelling of variability in soils and plants with the assistance of integrated
agricultural practices to fulfil specific requirements (Mandal & Maity, 2013). This definition
will also not be applied as it does not cover the technical dimension of precision farming.
The technique of precision farming involves some advantages and disadvantages. A
constraint for many farmers to apply precision farming is the high cost burden connected to
equipment and learning. The high learning costs are due to the complexity of the technique. In
addition, there are compatibility problems involved with the application of precision farming
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(Kutter et al., 2011). This implies that it is hard to use different precision farming tools and
machinery at the same time.
These disadvantages are compensated by the advantages of precision farming.
Generally, as a result of precision farming, costs of fertilizer, seeds and pesticides can be
reduced for the reason that the needed quantities can be calculated precisely (Kutter et al.,
2011). As a consequence, this will increase the profitability of the farm compared with farms
having no access to precision farming. Furthermore, precision farming will optimize the yield
and quality of the crops (Paustian & Theuvsen, 2017). Potentially, it will also reduce the
environmental risks due to a decreased use of chemical amounts like fertilizers (McBride &
Daberkow, 2003). Another benefit from precision farming is to comply with the increasing
importance of reporting for traceability and environmental concerns (Kutter et al., 2011).
Therefore, it is more convenient for a farmer to comply with regulations and to have an
overview of the arable farming.
2.2 Precision farming and small farmers
Several studies indicate that farm size is the main factor that affects the adoption of
precision farming (Pierpaoli et al., 2013; Vecchio et al., 2020). Larger farms are more likely to
adopt precision farming than smaller farms since they are able to invest relatively more capital,
time and knowledge in the implementation of precision farming (Adrian et al., 2005). However,
at the same time, approximately 500 million of small farms contribute to more than the half of
the global agricultural production (Graeub et al., 2016). In general, small farms have less access
to resources which makes them more vulnerable to climate changes, resource depletion and
natural disasters (Haworth et al., 2018). Furthermore, there is extensive pressure on smallholder
farmers for their major role in the fulfilment of their families’ needs and to keep up with their
competitors who have access to information technology and precision farming (VanLoon et al.,
2018). Given the challenges arising from the worldwide growing demand for food, it might be
beneficial to provide small farmers with access to precision farming in order to increase
agricultural productivity on smaller areas while, at the same time, mitigating environmental
pollution (Lencse’s et al., 2014).
A great number of different characteristics have been found in literature to define the
concept of farm size. In a study regarding the adoption of various kinds of precision farming in
the state of Ohio, farm size was defined by the ‘farm sales in dollars’. In this study, there were
some extreme outliers in the amount of ‘farm sales in dollar’ which were not in accordance with
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the number of hectares (Isgin et al., 2008). Therefore, farm sales in dollars might be considered
as unreliable as characteristic of farm size. In another study, describing emerging initiatives and
policies for precision farming in Canada, farm size was defined as the production value of a
farm (Aubert et al., 2012). Since there is no further explanation given in this study from Aubert
et al. (2012), production value can be interpreted in various ways which makes this proxy of
farm size also unreliable.
In most studies, the farm size is defined by the surface of land that belongs to a farmer.
Further elaborating on this, the surface of land that belongs to a farmer is the arable farmland a
farmer owns, plus any farmland he rents, and minus any farmland which is rented to others
(MacDonald et al., 2013). Given its accuracy and widespread application within the literature,
this literature review will also rely on the surface of the land of a farmer as characteristic for
farm size. In this respect, the number of hectares will be applied as measuring unit for the
surface of arable farmland.
Within the literature, there is no universal threshold of hectares differentiating small
farms from others. It can be argued that the geographical location plays a role in which the
research is conducted. Studies focusing on the developing world, consider farmlands beneath
five hectares as small farms. Based on the threshold of five hectares, there would be
approximately 500 million of small farmers (Samberg et al., 2016). However, in this study there
will be especially a focus on more developed countries, like the United States, Australia,
Canada and European countries, where the average farm size is larger. For these countries in
general, it is a prerequisite for farmers to have a minimum of 100 hectares of farmland to
consider the adoption of precision farming (Reichardt & Jürgens, 2009). The group of farmers
with farmland between zero and hundred hectares will be considered as small farms in this
study since this category is considered as too small to adopt precision farming. Furthermore,
this demarcation will improve the reliability since in several research studies the lowest
category of hectares is between zero and hundred hectares (Paustian & Theuvsen, 2017).
2.2.1. Advantages and disadvantages
Since small farmers control more than the half of the global food production, there are
several reasons for them to apply precision farming (Haworth et al., 2018). With the adoption
of precision farming, the weaknesses of this group small farmers can be turned into great
opportunities (Pierpaoli et al., 2013). These weaknesses include the characteristics of having
less time, money, and knowledge (Isgin et al., 2008). It might be feasible to say that with the
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widespread adoption of precision farming by small farmers, the gap of total factor productivity
(TFP) between farmers with large acreage and small acreage will reduce according to Rada and
Fuglie (2019).
One of the reasons for small farmers to adopt precision farming is that it facilitates the
efficient use of chemicals, nutrients and energy (MacDonald et al., 2013). As a consequence,
input costs of arable farming will decrease. This is also the second most mentioned motivation
to introduce precision farming as found by a survey of beginning precision farming users as
respondents (Reichardt & Jürgens, 2009). In this survey of Reichardt & Jürgens (2009), the
most important reason to introduce precision farming is to get a better understanding of the
fields. Furthermore, precision farming brings some environmental benefits for small farmers
(Vecchio et al., 2020). Different scholars indicate that policies could support the adoption of
precision farming by small farmers, e.g. by providing subsidies (Vecchio et al., 2020; Haworth
et al., 2018). These subsidies to smaller farmers to introduce precision farming can be justified
as those techniques might be beneficial for the environment. In a similar vein, these small
farmers will be able to lower their input costs as a result of the subsidy.
The character traits of the manager of a small farm has a major impact on the potential
benefits of precision farming (Shen et al., 2019). Their personal effort in precision farming and
their reference point of outputs may affect the technical efficiency of the application of
precision farming (Shen et al., 2019). The strong like between intensive managerial input of
small farmers and the realized output of precision farming has also been confirmed by a report
based on the FAO Agricultural Censuses of 1960-2000 from Eastwood et al. (2010).
On the other side of the coin, small farmers may face challenges to benefit economically
from the adoption of precision farming (Aubert et al., 2012). It has been stated that 63.8 per
cent of the potential precision farming users in Germany perceive the expensive machinery as
main constraint to purchase precision farming techniques (Reichardt & Jürgens, 2009). This
can be explained by the fact that the costs of introducing precision farming for small farmers
are very high due to the high investment costs in combination with costs to obtain the right
information to apply the techniques in a right manner (Adrian et al., 2005). Another constraint
which has been multiple times referred to within the literature is that small farmers have a lack
of resources to implement precision farming (Aubert et al., 2012; Chand et al., 2011; Haworth
et al., 2018). For instance, due to the lack of resources it is difficult for small farmers to compare

10

Bachelor Thesis – Subcontracting of precision farming for small farmers

costs and risks for different precision farming techniques and to make the choice between
purchasing or outsourcing these techniques (Kutter et al., 2011).
Besides the economic constraints, there are also other kind of issues which impede small
farmers from adopting precision farming. One of the constraints mentioned within the literature
is the incompatibility of the several precision farming tools for small farmers (Lencse’s et al.,
2014; Lawson et al., 2011). This involves that every precision farming tool needs to be
specialized in terms of the needs of an individual farmer in terms of the farmers’ knowledge,
competences and stance towards innovation. In this regard, the acreage of a farmland and
financial resources available to the farmer have a major impact on the incompatibility of
precision farming tools (Lencse’s et al., 2014). Overall, small farmers have their own specific
preferences from which follows that they all need different precision farming techniques
(Haworth et al., 2018).
Moreover, the relative older age of small farmers has a negative effect on the adoption
of precision farming according to a survey among Hungarian arable farmers (Lencse’s et al.,
2014) and a provision of 27 agricultural geographic information (AGI) initiatives (Haworth et
al., 2008). This can be explained by the fact that many small farmers think about retiring in the
nearby future (Reichardt & Jürgens, 2009). For this reason, the adoption of precision farming
by older farmers has the risk to be unprofitable since the initial costs are very high and that they
have to be depreciated over a long period of time (Kutter et al., 2011; Barnes et al., 2019).
Another constraint which is the second most mentioned concern by potential users of
precision farming in the survey of Reichardt & Jürgens (2009) is the fact that the fields are too
small. This could be a justified concern since precision farming still needs relatively more
precision and refinement of techniques to be greatly applicable for small fields (VanLoon et al.,
2018). In addition, the positive changes through the adoption of precision farming in practice
are often less than expected according to literature (Lencse’s, E. et al., 2014).
2.2.2. Precision farming adoption
The adoption rates of precision farming do differ among small farmers across different
countries. In developing countries, precision farming is starting to get implemented by both
large scale and small scale farms (Lowenberg-DeBoer & Erickson, 2019). At the same time, it
has been founded that precision farming is rarely successful in this part of the world
(Lowenberg-DeBoer & Erickson, 2019). A potential reason for the weak results of precision
farming in developing countries is the lack of technical expertise among farmers.
11
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From a study conducted by Reichardt & Jürgens (2009), it follows that the adoption of
precision farming goes faster in the countries Denmark, United Kingdom and Sweden in
comparison with Germany. In the survey of Lawson et al. (2011), only 11.4 per cent of the 184
Danish farmers with an average surface of 55 hectares makes use of one or multiple precision
farming tools. In another research, the adoption rate among German small farmers was found
to be equal to 9.5 per cent among small farmers with a surface of less than 100 hectares land
(Paustian & Theuvsen, 2017). From above, it might be concluded that the adoption rate of
small farmers may be lower in Germany than in Denmark. It is noteworthy that in another study
among 78 Finnish farmers with 93 per cent having a small farm, none of them mentioned to
have purchased a precision farming tool (Lawson et al., 2011).
From an Italian study, it appears that on average Italian farmers start to consider
introducing precision farming when they have a farmland size of approximately 43 hectares
(Vecchio et al., 2020). This is still a large difference with the average surface of 144 hectares
farmland which do actually adopt precision farming (Vecchio et al., 2020). As represented in
Table 1, German farmers start to consider precision farming when their farm size exceeds 100
hectares (Paustian & Theuvsen, 2017). The major part of German farmers adopt precision
farming when they have a farm size that exceeds 300 hectares (Paustian & Theuvsen, 2017).
The results from the table below seem to corresponds with a Hungarian study in which was
stated that half of the farmers introduce precision farming technologies when their farm size is
approximately larger than 300 hectares (Lencse’s et al., 2014).
Farm size
1 - 99 ha
100 - 199 ha
200 – 299 ha
300 – 499 ha
>500 ha

Not adopting (%)
90.5 %
69.6 %
69.7 %
50 %
25.8 %

Adopting (%)
9.5 %
30.4 %
30.3 %
50 %
74.2 %

Table 1. Relation between adoption of precision farming and farm size in Germany, created by Paustian &
Theuvsen (2017).

There are not only differences in the adoption rate of precision farming among different
countries, but also among different precision farming tools. In an American study of
Schimmelpfennig (2016), a distinction is made between global positioning system (GPS),
guidance system and variable-rate technology (VRT). Further elaborating on this, GPS gives
real time information from which the position and direction can be determined (Shanwad et al.,
2002). A guidance system is mostly meant to improve the alignment of seeds in rows
(Schimmelpfennig, 2016). Lastly, VRT allows prescription planting which means that every
12
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seed gets the right amount of inputs like fertilizer, chemical and pesticides (Schimmelpfennig,
2016). A distinction has been made between different categories of farm sizes and their
adoption to different precision farming tools ((Schimmelpfennig, 2016). The group of farmers
with a farm size of less than 243 hectares are considered as small farmers by this author. The
adoption rate of this group is even distributed among GPS, guidance system and VRT with a
rate of 12 per cent. In the category of farm sizes between 243 and 405 hectares, it has been
found that 34 per cent has adopted GPS, 24 per cent a guidance system and finally 20 per cent
VRT (Schimmelpfennig, 2016). A possible reason for the relative low adoption rate of VRT is
that the implementation costs of VRT are relatively higher than the implementation costs of
GPS and guidance system (Schimmelpfennig, 2016). In a similar vein, based on the research
from Lowenberg-DeBoer & Erickson (2019), it can be argued that Global Navigation Satellite
System (GNSS) tools are more adopted by small farmers than a yield map or VRT. GNSS has
some similarities with GPS, however it improves reliability and accuracy of the positioning
system (Marucci et al., 2017).
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Chapter 3 – Research methodology
3.1 Research design
Within this study, a literature review will be conducted which is based on obtaining
knowledge on different insights on subcontracting of precision farming. More specifically, an
integrative literature review will be carried out. This is a form of literature review which
reviews, criticizes and merges representative literature in an integrative manner with providing
new perspectives (Torraco, 2005). Integrative literature review is particularly suitable for
research to new, emerging topics such as the subcontracting of precision farming.
A systematic literature review is not appropriate for this research for the reason that its
focus is mainly on statistical methods (Snyder, 2019). In addition, a semi-systematic review is
also not suitable on the grounds that its specific purpose is to track the development of a subject
over time. The focus of this study should be on combining perspectives to create new theoretical
models, which does only correspond with an integrative literature review (Snyder, 2019).
3.2 Data collection
•

Databases

Scopus (6 articles for sub-question 1), (6 articles
sub-question 2)
• ScienceDirect (9 articles sub-question 1), (7 articles
sub-question 2)
• 'Precision agriculture' OR
'Precision farming'
•
'Outsourcing' OR
Search
'Subcontracting'
criteria
• 'Small scale' OR 'small farmers'
• 'Farm size'

Publishment
date

•

Published
between
2005 and 2020

Language

•

English

Snowball
method

•
•

10 articles sub-question 1
8 articles sub-question 2

Figure 2. Conceptual model of ‘Data collection’ created by author
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Further elaborating on figure 2, Scopus and ScienceDirect will be used as databases for
the literature review of both sub-questions. Scopus states that it has: ‘the largest single abstract
and indexing database ever built’ which is very beneficial for this research (Burnham, 2006
Furthermore, it has in total 27 million abstracts which come from American, European and Asia
Pacific literature (Burnham, 2006, p. 1). ScienceDirect has an extensive database of 13 million
publications and 50,000 books. In addition, using ScienceDirect has as benefit that it allows the
user to search for articles with the full text which gives a more complete understanding of a
topic (Eco-Vector LLC, n.d.). Google Scholar has as huge drawback that it makes no distinction
between high-quality and low-quality articles (East Carolina University, 2019). For this reason,
this database is not chosen for this research.
As search criteria, the keywords ‘precision farming’ OR ‘precision agriculture’,
‘subcontracting’ OR ‘outsourcing’, ‘small scale’ OR ‘small farmers’, and ‘farm size’ will be
used. Another search criteria is that the peer-reviewed articles should be published between the
years 2005 and 2020 in the English language. First, the title and abstract will be screened to
assess whether it is a relevant and a high-quality article which can be used for the literature
review. Furthermore, the snowball method will be used to find more representative articles
since the reference lists of appropriate articles will probably have more relevant articles which
can be used for the literature review.
The reliability and validity will be ensured by relying solely on peer-reviewed articles
which are coming from high-quality databases. In general, the same results will be consistently
received by using the same method of data collection. In addition, this methodology accurately
measures what it is intended to measure (Middleton, 2020).
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Chapter 4 – Subcontracting of precision farming for small
farmers
As discussed before, one of the main reasons that prevents farmers from adopting and
applying precision farming are the relatively high costs for small farmers (Reichardt & Jürgens,
2009). Subcontracting of precision farming could help these small farmers to make efficient
use of precision farming without having high sunk costs (Rada & Fuglie, 2009; Sheng &
Chancellor, 2019). The concept of subcontracting is already commonly applied by small
farmers for a variety of several agricultural services such as harvesting and sowing (Kutter et
al., 2011). As a result of contractors’ scale effects, also small farmers can have access to the
newest technology and employing specialists (Charvat et al., 2010). One might argue that it is
only a little step for contractors to also provide precision farming as a service. At the same time,
only 20.3 per cent of a sample of Chinese farmers has reported that they have access to resources
which offer precision farming (Li et al., 2020). On the contrary, in Germany, several contractors
already provide precision farming services though there is limited demand for these services
(Reichardt & Jürgens, 2009). Nevertheless, despite those numbers, it is expected that these
contractors will have a major influence on the adoption rate of precision farming by small
farmers in the coming 5 to 10 years (Kutter et al., 2011). To achieve this higher adoption rate,
Kutter et al. (2011) argue that there should be more emphasis on the specific role of contractors
of precision farming in Europe.
Precision farming could be subcontracted or outsourced by contractors or partly by
service providers. Nikkilä et al. (2010) conducted a study in which the differences between
service providers, contractors and advisors concerning precision farming were described.
Service providers provide external precision farming services where farmers build on, like data
acquisition and assessing soil samples. Contractors will be employed by the farmers to work
with precision farming technology while having direct access to the data. In other words, the
farmer can be considered as the principal who has several reasons to outsource precision
farming, while the contractor is the agent who owns the machinery, provides the work and will
listen to the wishes of the farmer (Nquyen et al., 2019). Similar to contractors, also advisors
should have access to the data of the farm in order to provide the farmer with professionalized
advice. For the reason that these occupations all have different roles concerning the provision
of precision farming, it might be argued that it is more convenient to subcontract these services
by an overarching cooperative which consists of multiple organisations (Klingner et al., 2013).
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In this chapter, the advantages and disadvantages of subcontracting of precision farming for
small farmers will be discussed. Furthermore, this chapter will provide a future perspective.
4.1 Advantages and disadvantages
The subcontracting of precision farming might have several benefits for small farmers.
To start with, subcontracting has in particular some practical advantages. Farmers save costs on
the acquisition of precision farming as they do not have to purchase the new information
technologies themselves. Moreover, farmers might reduce input costs because of the
contractors’ scale effects (Kutter et al., 2011; Reichardt & Jürgens, 2009). As a result of these
scale effects, farmers can access a wider variety of precision farming tools where they can freely
choose from (Singh, 2010). Besides that, it has been found that subcontracting of precision
farming prevents farmers from spending excessive time and effort learning these modern
techniques (Schimmelpfennig, 2016). In some cases, there are also other scale effects of
contractors from which farmers could benefit from, including the purchase of fertilizers and
pesticides against a certain discount (Kutter et al., 201d1). In a similar vein, farmers may benefit
from the contractors´ network of stakeholders, including laboratories which provide among
others soil samples (Kligner et al., 2013). This network will make it easier to collaborate and
fulfil the several stakeholders’ desires through synergies (Kligner et al., 2013).
Besides practical advantages, outsourcing precision farming takes away the pressure on
small farmers to acquire a certain skillset to operate the precision farming themselves (Sorensen
et al., 2010). Firstly, the farmers do not need to acquire planning skills since contractors will
take responsibility to provide the field work at the right time (Sorensen et al., 2010). To further
elaborate on this, the contractors provide these farmers with a comprehensive understanding of
their planning which depends, for instance, on the season and weather, and they will carry out
this plan (Sorensen et al., 2010; Klingner et al., 2013). Secondly, these farmers do not need to
specialize in data acquisition and interpretation capabilities since contractors will provide those
services to them (Kutter et al., 2011). In addition, given the strong specialization of contractors,
they are able to collect a huge amount of data in order to propose a strategy or consultancy
based on the variabilities of the fields (Murakami et al., 2007; Nquyen et al., 2019). Because of
the contractors’ scale effects, they have the ability to employ qualified experts in the field of
precision farming (Nguyen et al., 2019). Another advantage of the contractors’ data acquisition
and interpretation skills is that farmers will get a clearer picture of the benefits of the chosen
precision farming service and it will improve their documentation about the farmland (Sorensen
et al., 2010). In figure 3, the above mentioned advantages of subcontracting of precision farming
for small farmers are summarized.
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Lower investing costs
Lower costs to access PF
Lower learning costs

Access to a broader variety of PF
tools

Advantages

Scale effect of contractors

Purchase of fertilizers and
pesticides with discount

Access to larger network

No need to require new skills

Planning skills

Data acquisition skills

Interpretation skills

Figure 3. Conceptual model of ‘Advantages of subcontracting of precision farming for small farmers’, created
by author.

At the same time, it is feasible to say that the benefits of subcontracting of precision
farming are different for each type of precision farming service. Schimmelpfennig (2016) and
Singh (2010) argue that especially Variable-Rate Technology (VRT) is profitable to outsource
given the high implementing costs. In a study of Anselmi et al. (2014), it was found that 56 per
cent of the service providers in the field of precision farming outsource VRT applications
(Anselmi et al., 2014). However, at the same time, the same study indicated that the generation
of customized maps and georeferencing of soil samples 1 scored even higher in terms of
outsourcing, namely 97 and 89 per cent respectively. In contrast to these precision farming

1

Associating soil maps with locations in the physical space
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services, the adoption rates for an autopilot system for any vehicle generating yield maps,
remote sensing with satellites measuring the soil and atmosphere, and for variable rate seeding
were found to be substantially lower, namely 22, 21, 12 and 6 per cent respectively (Anselmi
et al., 2014).
Unfortunately, there are still a lot of disadvantages regarding the subcontracting of
precision farming. Remarkably, these disadvantages do not only apply to small farmers but also
to the contractors themselves. According to Mitchell et al. (2017), the main problem faced by
those contractors is that they face difficulties in turning the provision of precision farming to
small farmers into a profit-making activity. The main barrier that prevents contractors from
adopting precision farming is that the fees are not sufficient enough (Mitchell et al., 2017). This
can be explained by a couple of reasons. To begin with, there are several challenges linked to
the technology of precision farming. It is expensive for contractors to purchase technologies for
precision farming due to its rapidly changing character (Mitchell et al., 2017). As a
consequence, in order to keep on track with the newest technology, the costs for the contractor
will be significantly higher due to a short depreciation period. There are also problems
concerning the compatibility of different technologies which are produced by different
manufacturers (Mitchell et al., 2017). Due to the complexity and incompatibility of these
techniques, a contractor needs a lot of technical expertise which is very time- and resource
consuming (Reichardt & Jürgens, 2009). Nevertheless, despite acquisition of sophisticated
techniques, experts still fail to provide precision farming techniques which correspond to small
farmers´ needs (Rada & Fuglie, 2019). This is a problem which restrains contractors to provide
precision farming to small farmers.
Besides these complications arising from the technological aspect of precision farming,
there are also other issues which may prevent these contractors from providing their services.
First of all, 45 per cent of the surveyed agricultural precision farming providers do strongly
agree that finding the right employees with appropriate knowledge in this field is very
challenging and thus a barrier (Mitchell et al., 2017). Secondly, an obstacle for contractors to
provide precision farming is the matter of privacy. Most of the contractors have made a privacy
statement with their farmers which contains the description of their relationship and under
which conditions the contractor is permitted to collect farmers´ data and share it with other
organizations (Mitchell et al., 2017). This privacy statement and corresponding difficulties and
challenges could be perceived as a barrier for contractors to subcontract precision farming.
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Besides the disadvantages for the contractors, there are also some drawbacks for small
farmers to outsource precision farming. Generally, contractors will give preference to providing
their services to large farmers since these farmers could offer them long service contracts and
thus more economic certainty (Kutter et al., 2011). In most cases, small farmers are not in the
position to offer these long service contracts to contractors for the reason that it is uncertain for
small farmers whether they will economically benefit from subcontracting of precision farming
(Reichardt & Jürgens, 2009). As described before, the costs of subcontracting for small farms
is relatively high while they not have the guarantee whether these costs are worth the reduced
input costs. This can be explained by the fact that the charge per acre will decline if you have
more acres (Schimmelpfennig, 2016). As a consequence, it will be less profitable for a small
farmer to subcontract precision farming compared to a large farmer.
There are also other reasons which make small farmers doubt about subcontracting
precision farming. Scholars argue that small farmers have difficulties with finding suitable
contractors in the direct region given the small market of subcontracting of precision farming
(Sheng & Chancellor, 2019; Li et al., 2020). Another drawback of this small market is that there
is limited competition between these contractors which puts them in a comfortable position
(Nquyen et al., 2019). As a consequence of those market conditions, opportunistic behavior
might take place in which the contractor act as a monopolist and provides precision farming
services against disproportional high prices. In a similar vein, a recent study indicates that the
market for precision farming is not well developed for small farmers (Rada & Fuglie, 2019).
For all these reasons, small farms prefer most of the times to buy less efficient precision farming
technologies themselves instead of outsourcing it to external parties (Sheng & Chancellor,
2019). At the same time, a lot of small farmers are still unaware about the advantages and
opportunities connected to precision farming (Reichardt & Jürgens, 2009). In figure 4, the
above mentioned disadvantages are summarized. Synthesizing the views stressed out above, it
can be argued that subcontracting of precision farming for small farms will not entirely close
the gap in productivity between small and large farms (Rada & Fuglie, 2019). At the same time,
subcontracting of precision farming provides genuine opportunities for the future.
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Profitability
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High costs of
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Not welldeveloped
market

Contractor not
reliable

Difficult to find
contractor of PF
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Rather buy own
machinery
Unaware of
benefits of PF
Figure 4. Conceptual model of ‘Disadvantages of subcontracting of precision farming for small farmers’,
created by author.

4.2 Future perspective
As described above, the concept of subcontracting of precision farming is not commonly
used among small farmers. However, at the same time, it might be argued that precision farming
provides opportunities to small farmers under the condition that the previous mentioned
disadvantages are turned into advantages which could result into a good future perspective in
this field. In order to achieve this, there should be a radical change in the marketing management
of subcontracting of precision farming. According to Kotler and Keller (2006): “marketing
management is the art and science of choosing target markets and getting, keeping and growing
customers through creating, delivering and communicating superior customer value” (p. 3). For
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the future perspective, and in order to develop the market for precision farming for small
farmers, there should be focus on these three levels of marketing management, namely getting,
keeping and growing customers. These levels can be examined at meso level, which is based
on the perspective of the industry of subcontractors, and it can be examined at micro level,
which is based on the individual subcontractor’s perspective.
To start with ´getting customers´ on a meso level, the subcontractors and potentially
some policy makers and manufacturers should take away the perceived risks of small farmers
towards the subcontracting of precision farming (Li et al., 2020). In order to identify the
perceived risks of small farmers, extensive research should be conducted regarding the reasons
for small farmers preventing them from adopting precision farming (Paustian & Theuvsen,
2017). Furthermore, more research is needed in order to provide more clarity about the potential
costs and benefits of subcontracting of precision farming from both the perspective of the
service recipient, the contractor and the small farmer (Reichardt & Jürgens, 2009). Possibly,
through the results of this research, it could be confirmed that subcontracting is an affordable
option for small farmers as well with many benefits (Li et al., 2020). This was confirmed by
another study in which it was found that it is essential that farmers are aware of these benefits
of precision farming (Reichardt & Jürgens, 2009).
However, if it appears that small farmers still cannot afford subcontracting themselves,
policies could be put in place to provide them with some financial support (Li et al., 2020).
Such subsidies might be justified by reasons of reduced pollution and improved food supply in
terms of quantity and quality. Another way to overcome the perceived risks of precision farming
is by improving the precision farming technology, especially for small farmers (Li et al., 2020).
From the same study conducted by Li et al. (2020) in North China, it was concluded that
farmers´ belief in the necessary infrastructure for enabling subcontracting of precision farming
is essential in this regard. These include having resources nearby, knowledge and access to
consultant or advisory services (Li et al., 2020). The number of subcontractors of precision
farming should be increased which will have a positive effect on the adoption rate (Nquyen et
al., 2019).
At the micro level, and from an individual subcontractor’s perspective, it might be useful
to conduct market segmentation in the field of subcontracting precision farming (Li et al.,
2020). This means that potential customers could be divided in different segments with having
similar needs, wants and demand characteristics (Business Dictionary, n.d.). Subcontractors
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should identify a group of committed customers in the same segment, which could for instance
be small farmers for the reason that they do not have the capital to purchase precision farming
themselves (Singh, 2010). The main need for small farmers is the result of the service, while
larger farmers feel more need to be involved with the service of subcontractors (Klingner et al.,
2013). By conducting research to the segment of small farmers, the contractors could adjust
their technologies to be suitable for small areas in order to target this segment (Klingner et al.,
2013). Contractors also need to research the preferences of small farmers regarding their
preferred communication method in order to communicate the superior value of their services
(Li et al., 2020). According to Kutter et al. (2011), some farmers favour to obtain information
through professional literature or trade fairs, while other farmers give preference to internet or
advertisements.
After getting customers, the next step is to keep these customers. At the micro level,
Nquyen et al. (2019) found that subcontractors can realise this by establishing sustainable
relationships with their customers. Nquyen et al. (2019) examined the subcontracting of
precision farming in particularly by conducting a survey with farmers and customer operators
in France. These authors concluded that it is of great importance to have informal incentive
mechanisms in place as a subcontractor. In this regard, informal characteristics like having a
good reputation, expertise and being reliable will improve the relationship with the customers
(Nquyen et al., 2019). Furthermore, subcontractors should also appear reliable in terms of
guaranteeing financial benefit and providing to have the expertise to be able to adjust their
services based on the local conditions of a specific farmer (Nquyen et al., 2019). All these
factors increase the sustainability of the relationship between the subcontractor and the
customer and, as a consequence, it will be unattractive for the farmer to consider other
subcontractors (Nquyen et al., 2019). For both the subcontractor and farmer, another advantage
of this sustained relationship is that there will be more room to involve other stakeholders in
the process in order to of improve precision farming for the particular farmer.
Besides these informal promises and incentive mechanisms, formal promises will also
improve the relationship between the subcontractor and the farmer. This formal promise could
be given with the help of an agricultural insurance which provides a guarantee to the farmer to
realize a certain amount of profit from subcontracting precision farming (Li et al., 2020).
Moreover, a precision farming ‘package’ including all small farmers’ needs could be offered
which might decrease the farmers’ perceived risks towards subcontracting (Li et al., 2020). As
discussed before, subcontracting face difficulties concerning technology aspects like the
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compatibility of different systems and providing software solutions (Charvat et al., 2010). On
a meso level, the subcontract market of precision farming should be improved in order to keep
customers. It has been found that, nowadays, there are not sufficient subcontractors active in
the field of precision farming (Nquyen et al., 2019). With the entrance of more providers of
precision farming to the market, there will be more competition between these subcontractors
which will result in price competition, and thus a fairer price for farmers (Nquyen et al., 2019).
Within a study of Jochinke et al. (2007), who conducted a survey among 300 famers
and organized some focus and discussion groups regarding the adoption of precision farming,
it was concluded that in order to grow the amount of small farmers which subcontract precision
farming, the expertise in this field should increase significantly. In this regard, educational
institutions in the agricultural field should play a fundamental role in order to achieve this
(Jochinke et al., 2007). Reichardt & Jürgens (2009) conducted interviews with teachers within
agricultural educational institutions among others, and they mentioned that precision farming
is not yet provided as a subject in a course. In order to improve the expertise in the field of
precision farming, it should be introduced as a standard subject in courses for agricultural
students. Given the highly innovative character of precision farming and its future perspective,
students might benefit from such a course. Additionally, educational institutions could provide
similar training opportunities to different actors which are active in the field of precision
farming (Jochinke et al., 2007). These training opportunities should also be available for
consulting and advisory services. Nowadays, consulting and advisory services do not
recommend precision farming to farmers since they do not recognize the advantages (Paustian
& Theuvsen, 2017). It is more likely that they will recommend precision farming to small
farmers when they gain adequate knowledge about precision farming (Reichardt & Jürgens,
2009).
As a general remark, there should be more co-operation between the various actors
which are active within the industry of precision farming. For instance, more co-operation
between universities and the precision farming industry will result in more advanced techniques
which will possibly increase the adoption rate of precision farming (Reichardt & Jürgens,
2009). At the same time, there should be more research done regarding an effective manner of
communication and co-operation among subcontractors, farmers and manufacturers (Kutter et
al., 2011). By improving the communication and co-operation between the different actors, one
could for instance, facilitate open access of information, databases and research methods within
certain limits in order to increase the collective knowledge (Anthony & Ferroni, 2012). Another
24

Bachelor Thesis – Subcontracting of precision farming for small farmers

option to increase the amount of customers who subcontract precision farming is to design and
implement certain policies (Reichardt & Jürgens, 2009). In one way, Germany implemented a
policy based on the idea that farmers have to comply with additional requirements in order to
receive a high amount of subsidy. As a consequence, farmers start to consider methods that will
increase their efficiency and maximize their profitability, like the use of precision farming
(Reichardt & Jürgens, 2009). In another way, France introduced a policy that requires a
compulsory certificate in order to be entitled to possess precision farming (Nquyen et al., 2019).
Especially for small farmers this could be a reason to subcontract precision farming since they
are mostly not able to require that certificate themselves (Nquyen et al., 2019). Other countries
should also think about their policies to increase the adoption rate of precision farming.
To conclude, in figure 5 there is a conceptual model made of the future perspective of
the subcontracting of small farmers by the improving of marketing management.
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Figure 5. Conceptual model of ‘Future perspective for subcontracting of small farmers’, created by author.
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Chapter 5 – Discussion and conclusion
Most studies in the field of precision farming are focusing on the general adoption of
this technique. Present literature on the possibilities for small farmers to subcontract precision
farming is disorganized and incomplete. To address this research gap, this current study
attempts to answer the following research question: ‘To what extent could subcontracting
enable small farmers to benefit from precision farming?’. This study presents three main results.
First, it has been found that only approximately 10 per cent of the small farmers in
advanced countries have adopted precision farming. In these countries, farmers start to consider
the purchase of precision farming when they have approximately a farm size larger than 100
hectares. However, in practice, farmers have approximately 300 hectares when they actually
introduce precision farming (Paustian & Leuvsen, 2017). The main reasons for small farmers
with a maximum farm size of 100 hectares to adopt precision farming is to get a better
knowledge of their fields and to improve the efficiency of inputs like chemicals, nutrients and
energy. In addition, the efficient use of inputs will bring some environmental benefits for these
small farmers. However, at the same time, 90 per cent of the small farmers hesitate to adopt
precision farming since it involves high investing and learning costs. Their second most
mentioned constrain is that precision farming is not always suitable for small fields (Reichardt
& Jürgens, 2009). Furthermore, the older age of small farmers has a negative effect on the
adoption of precision farming for the reason that they will retire in the nearby future which
prevents them from doing long-term investments. Second, subcontracting of precision farming
enables the small farmer with lower investing and learning costs, while at the same time it will
reduce the input costs as a result of the scale effects contractors has. Another advantage of this
scale effect is that it allows small farmers to access a broader variety of precision farming tools,
and to benefit from the contractors’ network of stakeholders in order to get fertilizers and
pesticides against discount. Furthermore, small farmers do not feel the pressure to acquire new
skills and to collect and interpret data themselves (Kutter et al., 2011).
Third, this study found that there are disadvantages for both small farmers as for
contractors regarding subcontracting of precision farming. From the perspective of the
contractors, they face problems to adopt their technology to small farmers and more
particularly, to turn the provision of precision farming services to small farmers into a profitmaking activity. Moreover, the technologies change rapidly which makes the costs even higher
for contractors since the depreciation period will be shorter and more time is needed to adopt
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the newest technology. For these reasons, it is most of the times still too expensive for small
farmers to apply precision farming through subcontracting. Furthermore, it appeared that there
is a small and not well-developed market which results in problems with the reliability of
contractors and difficulties to be provided with suitable technologies.
In conclusion, it is feasible to say that the disadvantages exceed the advantages of
subcontracting precision farming to small farmers. At this moment, generally, small farms
prefer to buy less efficient precision farming technology themselves than to outsource it to
external parties. Within this context, and the conditions of the market for subcontracting for
small farmers, it can be concluded that subcontracting of precision farming will not close the
gap in productivity between small and large farms.
However, the improvement of marketing management include all aspects for a future
perspective to benefit from precision farming with subcontracting as a small farmer. Marketing
management is about getting, keeping and growing the customer. Future research addressing
the reasons for small farmers to not adopt precision farming and the benefits compared to costs
regarding subcontracting will present detailed findings and provide a deeper understanding
which will result in overcoming farmers’ perceived risks towards the subcontracting of
precision farming. Furthermore, it was found that market segmentation should be conducted in
order to differentiate groups with the same needs, wants and demands. Keeping your customers
can be realized with obtaining a sustainable relationship with your customer as a subcontractor.
Informal characteristics, like having a good reputation, expertise and being reliable, and formal
promises including insurance will provide this sustainable relationship. In order to grow the
amount of customers, there should be more co-operation between the various active actors in
the industry of precision farming, including politicians, educational institutions, advisory
services, contractors and farmers, in order to increase the collective knowledge in the field of
precision farming.
Despite the findings and implications, it is important to underline that this study suffers
from some research limitations. Firstly, in the literature review some researches were used in
which there were different interpretations of the concept of small farms. In studies conducted
in developing countries, farmers were considered as small-scale when they have a maximum
farm size of 2 hectares. At the same time, based on the research of Reichardt and Jürgens
(2009), information about a group of beginning precision farming users with a median farm
size of 150 hectares was used for the purpose of this study. However, one could say that the
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conclusions drawn from this studies are relatively the same for small farmers with a maximum
farm size of 100 hectares since the difference in size is not that big. Secondly, although this
study focuses on the subcontracting of precision farming for small farmers, it is strongly
recommended that future studies will be conducted regarding the suitability of precision
farming techniques for small firms in particular.
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Appendix A – Problem analysis of challenges in adoption of
precision farming
To come up with the research question, the general challenges in the adoption of precision
farming have been investigated. From this problem analysis, it follows that the biggest
challenges are for small farmers to adopt precision farming for the reason that they have
relatively high costs, have difficulties with integrating the different information layers, and have
relatively small arable land. As a solution for this problem, joint investment, subcontracting,
and outsourcing for data processing and interpreting have been found in literature. As subject
for the study is the subcontracting of precision farming chosen since research to this subject
was disorganized and incomplete.

Definition precision agriculture:
•

•

•

•

Precision farming utilizes information technology to add exactness to the quantity,
quality, timing and location in the application and utilization of inputs in agricultural
production. (Mintert, Widmar, Langemeier, Boehlje, & Erickson, 2016).
Precision farming is about:
o Right source: Most of all the precision nutrient management research has
focused on the macro nutrients. → It’s assumed that other nutritional needs of
the crop are met by uniform application.
o Right time: Availability of ‘active remote-sensors” that can be mounted on
high clearance fertilizer applicators has coupled the technology of “mapping
variability in the crop canopy” and “variably applying fertilizer”
simultaneously in “real-time”.
o Right amount: The right amount of nutrient to be applied across spatially
variable fields.
o Khosla, R. (2010, August).
Precision farming which provides a holistic system approach, helps farmers to
manage the spatial and temporal crop and soil variability within a field in order to
increase profitability, optimize yield and quality, and reduce costs. (Paustian &
Theuvsen, 2017).
Precision farming technologies for site-specific crop management offer a way to
manage the sub-field variability of soils, pests, landscapes, and microclimates by
spatially adjusting input use to maximize profits and potentially reduce environmental
risks. (McBride & Daberkow, 2003).

Challenges in general:
•

Few farmers are using the technology to manage spatial variability across farming
zones. This has to do with cost of adopting further PA tools, difficulties in integrating
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components, problems with data interpretation and in using this technology to
apply to agronomic solutions. (Australia)
(Jochinke, Noonon, Wachsmann, & Norton, 2007).

Challenges of farm profitability:
•

•

•

Failure to demonstrate that application of precision agriculture technology improves
farm profitability. (USA) (Mintert et al., 2016).
o More detailed knowledge of crop production functions with respect to usage of
key nutrients, but not necessarily limited to, nitrogen, phosphorus, and
potassium.
o Identifying the appropriate size management zone to use when making
decisions regarding input usage.
o Identify optimal size zone for soil sampling. → Not all soil maps are created
equal.
Field research trails would have a higher level of field management, which could be
difficult for ‘some’ commercial farmers to apply in the short run, in their own fields,
resulting in lower TFP gains. (Denmark)
o The largest economic benefits were from yield increases and saving on fuel
and herbicide use.
(Jensen, Jacobsen, Pedersen, & Tavella, 2012)
Economic reasons are major driving forces behind the adoption of site-specific field
management. (Kutter, Tiemann, Siebert, & Fountas, 2011).

Challenges of communication/co-operation:
•

•
•

•

•

•
•

The benefits of precision agriculture to broadacre cropping systems have not been
widely demonstrated in many regions. → Regional grower groups using focus
farms to address issues and measure efficiency gains. (Australia)
(Jochinke et al., 2007).
Solution: Horizontal integration and outsourcing of special tasks in order to reduce
production costs. (Germany) (Kutter et al., 2011).
Special training from technology firms basically promote their own products and are
not interested in an integration of different tools from different producers. (Kutter et
al., 2011).
Research centres were given little to medium importance for the adoption of PF.
Educational centres were ambivalently discussed in that context. (Kutter et al.,
2011).
Agricultural events such as field days, exhibitions and trade fairs, seminars or
workshops were considered important in this context as farmers use these
opportunities to exchange their knowledge. (Kutter et al., 2011).
Phone calls are often preferred by farmers because answers are immediate and
confidential. (Kutter et al., 2011).
Solution: Joint investment in PF → As learning costs are high, it is more convenient
for farmers to individually specialize in one machine or operation and then offer
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•

•

•

•
•

•
•

these services to other farmers. → Permanent sharing of installed differential GPS
antennas was mentioned as a possible co-operation of neighbouring farms. (Kutter
et al., 2011).
Solution: Subcontracting → Especially small farms were considered to increasingly
outsource PF tasks because they cannot afford the machinery, but still need to reduce
input costs. Contractors may achieve a comparative advantage by offering site-specific
field services. (Kutter et al., 2011).
Solution: Outsourcing of data processing and interpretation → Time and
knowledge constraints were considered as the main reasons for data outsourcing.
(Kutter et al., 2011).
Small farms were reported to be mainly connected to their local agricultural
consultants. Weekly agricultural newspapers were regarded as very important for
spreading information. (Kutter et al., 2011).
Joint investments are considered as an option for smaller farms but outsourcing of
field management tasks is more probable.
Solution: Growing number of farmers who outsource precision farming operations
that involve sophisticated technologies and specialized expertise.
o Type of formal contract: Contract with a lump sum payment and variable
payment based on the quantity of the work done.
o Formal incentive mechanisms: Possible scale economies. Increased negotiation
power for the purchase on inputs and the marketing of harvest. Role of land
manager.
o Informal incentive mechanisms: Expected gains on unpriced human asset
(expertise), proximity reputation, trust, recommendation.
o (Nquyen, Brailly, & Purseigle, 2019).
The vast majority of those unaware of PF technologies were among the smallest farm
operations (Daberkow & McBride, 2000)
Obtaining the major source of PF information from the extension service, crop
consultants, and input suppliers increased the likelihood a produces would adopt an
application technique of PF. (McBride & Daberkow, 2003).

Challenges of integrating different information layers:
•

There are problems in integrating the different information layers and managing the
data so that the formats are compatible. → This is a challenge for software and
hardware developers. (Australia) (Jochinke et al., 2007).

Challenges of socio-demographic:
•

Farming a large amount of arable land has a significant effect on PF adoption.
Furthermore, the likelihood of PF adoption for crop farms increases for welleducated, experienced farmers, on the one hand, and young ICT-savvy farm
successors, on the other. (Germany) (Paustian & Theuvsen 2017).
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•

•

o Optimal value for PF is best achieved through improving agricultural
knowledge and skills – mainly ICT skills – and understanding of PF as a
system for increasing.
Uncertain strategies especially of older farmers whether to maintain the farm or to
leave the farming sector impede the investment in new farm equipment. (Kutter et al.,
2011).
Among farmers, who had already adopted a PF diagnostic technique, the adoption of
an application technique was more likely among the larger and more specialized
operations, and among the younger and more educated. (McBride & Daberkow,
2003).

Technical challenges:
•
•
•

Improvements for problems in plant-specific application of nitrogen taking into
account the soil water available to the plant. (Auernhammer, 2001).
This agricultural system is geared toward large-scale farming, increasing its existing
production advantages. (Auernhammer, 2001).
Precision farming will have to meet new challenges found in precise application of
minimal chemical amounts, accommodation for chemical bonding to the soil
humus, and improving efficiency. (Auernhammer, 2001).
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Appendix B – Mind map of problem analysis
The link to have an overview on the mind map: https://miro.com/app/board/o9J_kutJF9Q=/.

.

Appendix B, figure 1. Mind map part 1 of problem analysis, created by author.
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Appendix B, Figure 2. Mind map part 2 of problem analysis, created by author.
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Appendix B, figure 3. Mind map part 3 of problem analysis, created by author.
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Appendix C – Overview of literature review ‘Precision farming
and small farmers
To write the theoretical background about ‘precision farming and small farmers’, which gives
answer on the first sub-question, these 24 articles have been used. This overview includes the
country/countries where the research is conducted, the objective and method of the study and
their major findings concerning this subject.
Reference

Country/
countries
India &
Developing
countries

Objective

Method

Major findings

To find out the scope,
the present status and
the strategies for
adoption of PA in India
and in some developing
countries.

A literature
review and case
study.

Adrian et al.
(2005)

In general

To report investigations
into the perception and
attitudinal
characteristics of
farmers who plan to
adopt precision farming.

Vecchio et al.
(2020)

Italy

To analyse the contextrelated factors affecting
adoption of PFTs in the
Italian farms.

A survey
instrument with
participants who
are generally
interested in new
technologies and
new practices.
A survey with
Italian farmers as
participants.

-The basic goal of PA to optimize yield
with minimum input and reduced
environmental pollution is highly required
for developing countries to face the
challenge of sustainability.
-Increasing the productivity on small-scale
farms in developing countries is a critical
part of a solution to the food insecurity
problem.
- Producers who indicated confidence
about using and learning technologies and
perceived a net benefit from using these
technologies showed greater propensity to
adopt precision agriculture technologies.
-Farm size will affect intentions to adopt
precision farming technologies.
-Farm’s size may be considered as one of
the most important factors bringing about
technology adoption. there is large
evidence that larger farms, with a good
capacity to absorb costs and risks, are
more inclined to use PFTs.
-Not adopters show the lowest exposure
index, in terms of hours/day devoted to the
acquisition of information from various
sources.
-Farmers are likely to adopt a greater
number of precision technologies than
other farmers who are advanced in age,
feeling under pressure due to urban
influences, relying heavily on equity as
financial leverage, operating larger farms
with higher quality soils.

Mondal & Basu
(2009)

Isgin et al. (2008) America:
Ohio

Schmidhalter et
al. (2008)

Germany

To investigate the
adoption of various
precision farming
technologies in terms of
both the probability and
the use intensity of
technology
implemented.
To focus on recent
developments to
characterise the spatial
and temporal variability
of soil water, soil
nitrogen, plant nitrogen

A survey sent to
a random sample
of Ohio farm
operators.

On-the-go
measurement
systems and
accurate and
reliable
positioning

-Contact less optimal measurements have
the capability of sampling a high number
of plants in a short time.
-In a transborder farming system, small
fields situated side by side, are farmed
together as one large field.
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uptake, biomass
development, and yield
more efficiently, with
the aim to optimise
inputs relative to the
site-specific yield
potential.
To understand the
internal and external
determinants of the
adoption of PATs within
a European crosscountry setting.

systems, as well
as electronic
communication
systems will be
used.

Barnes et al.
(2019)

Europe:
Germany,
Greece, the
Netherlands
and the UK.

Pierpaoli et al.
(2013)

Mainly
Europe

To identify the key
drivers that affect the
intention to adopt
Precision Agriculture
(PA) technologies.

Rada & Fuglie
(2019)

Malawi,
Tanzania,
Uganda,
Bangladesh,
Brazil,
Australia and
the United
States
Developing
countries

To provide new
perspectives on the farm
size and productivity
debate.

A set of novel
case studies in
both rich and
poor countries.

To contribute as
agricultural
biotechnology towards
solutions that will close
the yield gap for
smallholder farmers.
Provide the theoretical
and empirical basis for
developing policies and
initiatives to support PA
technology adoption.

An
interdisciplinary
team approach
to address the
crops and needs
of small farmers.
Survey data from
farms in Canada.

Anthony &
Ferroni (2012)

Aubert et al.
(2012)

Canada

A survey was
targeted at arable
crop farmers and
farm managers
that were
cultivating
wheat.
A literature
review

-For most regions, as with previous studies
on precision farming, non-adopters
generally manage smaller areas than the
adopters, but there is a more explicit
increase in size characteristics between
MG Only and VRNT bundle adopters.
-Non-adopters do not have sufficient skills
and competences to manage PA tools, or
lack of financial resources to purchase it.
They have specific perceptions about
‘usefulness’ and ‘ease of use’.
-The PA market is still small and in its
juvenile stage.
-Even if land productivity is higher on
small farms, labour productivity is often
much lower and the use of other inputs
frequently differs by farm size.
-In high-income countries, the agricultural
value-added of small farms becomes
negligible overall.
-Key factors influencing future availability
of biotech crops for smallholder farmers in
developing countries is stewardship
capability, and liability of technology
providers.
-Small firms find it harder to benefit from
economies of scale provided from an
innovation and the lack of resources lead
firms to delay investments.
-PA adoption studies have suggested that
farm size and resource availability have a
similar effect on the PA adoption decision.

46

Bachelor Thesis – Subcontracting of precision farming for small farmers

Paustian &
Theuvsen (2017)

Germany

To test a wide range of
farm characteristics and
farmer demographics to
gain insight into the
relevant aspects of
adoption of precision
farming in German crop
farming.

A survey with as
participants 227
German crop
farmers.

-In the group of small farms (1-99 ha),
only 9% are PF adopters, whereas, in the
group of the largest farms (500 ha), 69%
are PF adopters.
-60% of the farms without any family
employees are PF adopters.

Schimmelpfennig America
(2016)

Develop a treatmenteffect model to estimate
factors associated with
PA technology adoption
rates and the impacts of
adoption on profits.

A survey of
USDA’s
Agricultural
Resource
Management.

-For GPS/soil mapping, farm size has the
largest positive effect on adoption, soil
testing (for non-GPS mapping purposes)
the next largest positive effect, and stated
yield goal at planting a negative effect.

MacDonald et al.
(2013)

America

An annual
Agricultural
Resource
Management
survey, and
relying on
comprehensive,
historical, and
publicly
available data.

-The number of mid-size crop farms has
declined, while farm numbers at the
extremes (large and small) are growing.
Because of these changes, average farm
size has changed little in the last three
decades, even while cropland and crop
production have shifted to much larger
farms.

Eastwood et al.
(2010)

In general

To report
comprehensive farmlevel data to detail
changes in farm size and
other attributes of farm
structure, and to
evaluate the key driving
forces, including
technologies, farm
organization and
business relationships,
land attributes, and
government policies.
To report patterns which
can be discerned in the
distribution of farm
sizes across countries
and over time.

A report based
on the FAO
Agricultural
Censuses of
1960-2000.

- Some technological advance might
favour local knowledge sufficiently that
efficiency demands more intensive
managerial input, leading to smaller scale.
-In many advanced countries the family is
still the main source of farm labour.

Chand et al.
(2011)

India

To report the
relationship between
farm size and
productivity.

A survey with
Indian farmers as
participants.

-The lives of smallholding families can be
improved only by building on their higher
per acre agricultural productivity and by
promoting off-farm rural employment.
-Many of the advantages of smallholders
disappear as countries develop.
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Lencse´s et al.
(2014)

Hungary

To show the results of
the investigation based
on interviews about the
adoption and knowledge
of precision farming
technology among
Hungarian crop
producers.

Shen et al. (2019) Mainly China

To explore the causes
leading to the inverse
productivity relationship
by examining the
relationship between
farm size and factor
inputs.

Reichardt &
Jürgens (2009)

Germany

To monitor how PF
techniques have entered
the German market over
the years and geographic
location.

VanLoon, et al.
(2018)

Developing
world

To report the
elaboration of more
cutting-edge precision
solutions to support
small-scale farmers to
become successful, high
producing agroentrepreneurs.

LowenbergDeBoer &
Erickson (2019)

United States,
United
Kingdom,
Australia,
Denmark

To set the record
straight on PA adopting
by reviewing the
available data with an
eye on data reliability
and to hypothesize
adoption trends.

A survey with as
participants
‘users’,
‘planners’, and
‘non-users’ of
precision farming
among
Hungarian crop
producers.
Use factor
demand models
which are based
on a large panel
data set of farm
households in
China in 2011.

-Both the size of the cultivated land of the
farms and the age of the farmers correlate
significantly with the adoption of precision
farming technology.
-The common challenges of agriculture are
to satisfy growing food demand on smaller
and smaller agricultural area, to avoid
environmental damage and to produce
high quality products.
-Smaller farms not only utilize more
labour and non-labour inputs per mu, but
also benefit from a higher labour effect.
-The effort of hired labours is inversely
correlated with farm size.

Several mail
surveys,
telephone
interviews with
farmers,
advisors, teachers
and
representatives of
the PF industry.
Test bench trials
of the prototype
of the add-on
knit in an
experimental
station in
Mexico.

- The group of PF Users in Germany
manage farms with a median farm size of
more than 250 ha compared to normal
average farm size of 50 ha.
-The beginning and potential PF users
manage smaller farms with a median farm
size between 100 and 200 ha.

Surveys that
utilized random
sampling
procedures. The
authors relied on
their network,
interactions at
trade shows, and
scientific
meetings.

-The biggest gap in PA adoption is for
medium and small farms in the developing
world that do not use motorized
mechanization.
-Age of the farm operator, education, years
of farming experience, fam specialization,
land tenure, farm size, full or part time
farmer, debt-to-asset ratio, use of crop
consultant, perceived profitability of PA,
use of a computer and irrigation all affect
adoption of PA.

-In the context of low investment costs for
smallholder farmers, high user-friendliness
and easy instalment were the main
concerns for the system to be viable.
-Smallholder farmers are struggling to
meet the demand and produce enough
yields.
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Haworth et al.
(2018)

Regions in
most need of
climate
adaptation
assistance: SE
Asia, the
Pacific, and
the
Caribbean.

To contribute to the
rectifying dearth of
systematically
documented and
analysed uses of ICTs in
smallholder agriculture
and to uncover valuable
lessons for the design
and application of future
AGI initiatives.
To present the
descriptive results of the
survey responses that
explore the perception
of advanced information
systems among four
European countries.

Examined 27
AGI initiatives
reported in
academic and
grey literature.

-Smallholder farmers require diverse
information to support their livelihoods,
with development in the agriculture sector
dependent on success in generating,
sharing, and applying knowledge.

Lawson et al.
(2011)

Denmark,
Finland,
Germany and
Greece

Four nation
survey of farm
information
management and
advanced
farming systems.

Germany,
Czech
Republic,
Denmark and
Greece

To analyse the
importance of farmers’
communication and cooperation strategies in
the adoption of PF and
their relation to farm
attributes.

Developing
world

To provide the ability to
disaggregate farming
populations from nonfarming populations,
providing a more
accurate picture of
farming households on
the landscape.

The survey was
based in
Germany and
will be reflected
with findings
from Czech
Republic,
Denmark and
Greece
Extracted
household
census data from
the IPUMS
database, which
harmonizes
household-level
demographic
variables across
countries and
years.

-Farm size has a significant effect within
Germany and Denmark for the use of one
or more farming practices.
-The average estimated cost of investment
in precision farming is 62% higher for
German compared to Danish respondents.
-Especially for smaller farms, it is
suggested that an advisory service would
be helpful to reduce time requirements in
the initial stage.
-Larger farms tend to be more innovative.
They are in a better position to overcome
the economic barriers that prevent the
adoption on smaller farms.
-Small farms preferably opt for individual
and independent tools such as the NSensor.

Kutter et al.
(2011)

Samberg et al.
(2016)

-The success of smallholder agriculture in
much of the world is largely dependent on
supportive policy environments that
provide appropriate technology and market
supports for small farmers, and create
incentives for sustainable intensification.
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Appendix D - Overview of literature review ‘Subcontracting of
precision farming’
To get answers on the second sub-question and on the research question as a whole, there has
been made an overview of the 20 articles which have been used. This overview includes the
country/countries where the research is conducted, the objective and method of the study and
their major findings concerning this subject.
Reference

Country/
countries
Malawi,
Tanzania,
Uganda,
Bangladesh,
Brazil,
Australia and
US

Objective

Method

To provide new
perspectives on the
farm size and
productivity debate by
bringing together
evidence from a set of
novel case studies.

5 case studies

Sheng &
Chancellor
(2019)

Australia

To investigate the
relationship between
farm size and total
factor productivity and
its potential
determinants.

Anthony &
Ferroni (2012)

Developing
countries

To contribute as
agricultural
biotechnology towards
solutions that will close
the yield gap for
smallholder farmers.

Rada & Fuglie
(2019)

Schimmelpfennig America
(2016)

Develop a treatmenteffect model to estimate
factors associated with
PA technology adoption
rates and the impacts of
adoption on profits.

Major relevant findings

-Machinery outsourcing could
help smaller farms make efficient
use of capital and close the
productivity gap with larger ones.
-Small farms may be quite
dynamic, and need not be a drag
on agricultural growth until
perhaps well into the
development process.
Use farm level
-Through capital outsourcing,
data for the
small farms can have access to
Australian grains access the latest embodied
industry from
technological progress without
1989 to 2004.
incurring the associated financial
commitment and high sunk costs.
However, this raises several
challenges in Australia.
An
-Given the scale, complexity and
interdisciplinary cost of the genomics and genetic
team approach
marker revolution, a key for
to address the
critical new developments
crops and needs
reaching small farmers in
of small farmers. developing countries is
supporting the mission of open
sourcing of key genomics
information, databases and
research tools and formation of
public–private partnerships to
bring new genetics to the market
place.
A survey of
USDA’s
Agricultural
Resource
Management.

-Small farms have higher custom
service costs associated with all
three PA technologies, perhaps
because small farmers are likely
to use custom service providers
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Sorensen et al.
(2010)

Europe

To define the actors,
their role and
communication
specifics associated
with the various
decision and control
processes in farmers’
information
management.

Farmer
interviews and
derived CoreTask demands
is the basis for
the user-centric
approach.

Murakami et al.
(2007)

In general

Work on the
development of
information
systems for PA.

Li et al. (2020)

China

Reichardt &
Jürgens (2009)

Germany

To adopt concepts from
software engineering
with the aim of
providing a basis for the
development of
information systems for
PA based on open
platforms, and on data
communication and
software
interoperability
standards.
To explore factors that
determine Chinese
farmers’ adoption of
precision agriculture
technologies in
cropping systems and to
provide
recommendations on
technology promotion
in the future.
To monitor how PF
techniques have entered
the German market
over the years and
geographic location.

Paustian &
Theuvsen (2017)

Germany

To test a wide range of
farm characteristics and
farmer demographics to
gain insight into the
relevant aspects of

to create maps for targeting
necessary field operations.
-According to the modelling,
farmers can utilise different
services more efficiently and
they are able to outsource some
of the tasks they had previously
performed themselves. Also,
farmers would be able to gain
increased insight into their
production processes and would
able to evaluate the performance
of the chosen technology.
-The main problems appear to lie
between them, in the
interpretation of the huge amount
of data collected, understanding
the causes of variability, and
being able to propose sound
strategies for field variability
management to be used on VRA.

456 surveys were
conducted via
face to face
interviews in the
North China
Plain.

- Making paid services a more
affordable option, and increasing
the number of service providers,
can also facilitate adoption.
Agricultural insurance could also
be introduced into PA
“packages” provided by service
providers to mitigate farmers’
perceived risks.

Several mail
surveys,
telephone
interviews with
farmers,
advisors, teachers
and
representatives of
the PF industry.
A survey with as
participants 227
German crop
farmers.

-The PF users attend special
training courses for PF more
often, use the information
services which are offered by the
agricultural advisory service
more often, attend presentations
about PF and contact machinery
dealers to inform themselves
more often.
-The results of a logistic
regression analysis show that
predictors with positive influence
on the adoption of precision
farming are agricultural
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adoption of precision
farming in German crop
farming.
To analyse the
importance of farmers’
communication and cooperation strategies in
the adoption of PF and
their relation to farm
attributes.

Kutter et al.
(2011)

Germany,
Czech
Republic,
Denmark and
Greece

Nikkilä et al.
(2010)

In general

To identify the
requirements posed by
precision agriculture on
FMIS and then evaluate
a modern Web-based
approach to the
implementation of an
FMIS that fulfilled
these additional
requirements.

Jochinke et al.
(2007)

Australia

To understand the role
of PA and SSCM and
barriers to adoption.

Klingner et al.
(2013)

In general

To identify and classify
domain specifics of PF
regarding service
engineering.

Nquyen et al.
(2019)

France

To analyse the
determinants of these
new agricultural

contractor services as additional
farm business branch.
The survey was
based in
Germany and
will be reflected
with findings
from Czech
Republic,
Denmark and
Greece.

- We consider agricultural
contractors as a major driving
force behind PF in the next 5–
10 years, especially in areas of
small farm sizes or high
concentration of livestock
farming.
- Especially small farms were
considered to increasingly
outsource PF tasks because they
cannot afford the machinery, but
still need to reduce input costs.
With some
-Some farms employ contractors
requirements, the for the convenience of
foundation for
scheduling and in precision
specifying a
agriculture, a reason could be
software
that the contractor has available a
architecture for
precise application device more
an FMIS is made. technologically advanced than
that of the farm. Contractors are
also commonly used by small
farms that lack the necessary and
expensive equipment required for
precision agriculture
A survey by mail -If the viability of SSCM is more
to 300 WCFA
widely demonstrated, there will
members and
be opportunity for consultants to
focus group and create a service industry to
farmer
manage data collection,
discussion
interpretation and the application
groups.
of agronomic solutions. This
would create a need for
specialised skills in this field,
potentially creating training
opportunities for educational
institutions
A literature
- Innovative services are
review and
developed according to demands
expert
of specific customers without any
interviews of
additional planning steps. →
various
Furthermore, other customers are
stakeholders.
unaware of these services since
there is no structured marketing.
A survey with
- In precision farming, the quality
1200 farmers and of the work does depends not
of 20 of medium only on the technical
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outsourcing practices
associated with
precision agriculture.

and large custom
operators.

Igata et al. (2008) The
Netherlands
and Japan

To take a closer look at
the reasons for making
use of outsourcing.

Quantitative
agricultural
data were
collected from
Farm
Accountancy
Data Network.

Anselmi et al.
(2014)

Southern
Brazil

To investigate the
adoption of different
PA tools by farmers in
Southern Brazil and the
factors involved in
adoption decision.

Charvat et al.
(2010)

Germany, the
Czech
Republic,
Denmark, and
Greece

To describe the strategy
of introducing future
knowledge
management system at
farm.

Online survey
sent to 715
farmers, and
characterize the
users and
document some
of our personal
observations in
interacting with
farmers, service
providers, and
researchers
working on PA.
Study based on
both previous
experience,
project analysis
and workshop
discussion.

Singh (2010)

In general

To exploit all the
modern tools available
by bringing information
technology and
agricultural science
together for improved
economic and
environmentally
sustainable crop
production.

Doing research
on the different
precision farming
tools.

performance of the equipment
but also on the knowledge of the
local conditions that allow
contractors to adjust the
equipment and operations to be
carried out at the right time.
-Based on the statistical results,
we can conclude that contracting
is used significantly more by
smaller farms, diversified farms
and farms with a shortage of
labour.
-In short, the advantage of
contracting for the saving of
labour is clear, while the
advantage of the reduction of the
cost of machinery is far less
clear.
- The services with the highest
percentage of outsourcing are
generation of maps (97%),
georeferenced soil sampling
(89%) and variable rate
application of fertilizers (56%).
→ These results reflect the
dependence of users on
outsourcing services.

-Contractors usually use modern
technology and they are able to
employ specialized and skilled
staff thanks to the scale effects.
→ There’s a tendency towards
offering field services and
consultancy at the same time.
- Agricultural service providers
must identify a group of
committed customers (self-help
groups or co-operatives) to
justify purchasing the equipment
and allocating human resources
to offer these services.
- Precision agriculture activities
in that region tend to centre
around the service providers.
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Shahar et al.
(2017)

In general

To discuss a conceptual
design of a Ag Data
service for the farm
industry, compare it to
desktops FMIS and
discuss some of the
main concepts this kind
of system may include.

Mitchell et al.
(2017)

U.S. Midwest
and province
Ontario in
Canada.

To assess the current
adoption level of
precision agriculture
technologies for crop
production in Ontario
compared to the
findings of the study in
U.S. Midwest.

A description of
the
characteristics
and components,
and presenting a
case study to
demonstrate the
way it may
function within a
farm
environment.
A survey of
agricultural
service providers
in the U.S.
Midwest for over
20 years, and a
survey to 182
farmers which
are potential
users of PA, and
dealers were
interviewed.

- It can be expected that PA will
continue to grow rapidly as data
becomes cheaper to store and
easier to transfer, making Big Ag
Data more significant for farm
service providers to provide
quality services to provide
quality services with relevant
information for the farm
managers.
- Over 60% felt they could not
charge fees high enough to
generate sufficient returns and
around half felt the costs of the
technologies were too expensive
resulting 46% feeling it was
difficult to demonstrate value of
precision agriculture to the
farmers.
- Another set of barriers were
associated with the technology
itself; either it is changing so
quickly to make it obsolete in a
short period of time or the
compatibility issues with the
equipment and/or data.
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