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Abstract: This paper presents several strategies employed by advisors in relation to the use
of an agricultural decision support system (AgriDSS) called CropSAT, which is free to use
and funded by the Swedish Board of Agriculture. The research question for the study was:
How is extension affected and possibly altered when provided with CropSAT? Thirteen crop
production advisors were interviewed and the collected data analysed thematically. The
findings revealed four different extension strategies in relation to CropSAT use: 1) I do not
use it, 2) I use it if I have to, 3) I use it myself and tell the farmer how to fertilise, and 4) I use
it with the farmer. The strategies selected by the advisors varied based on the requests and
needs of farmers, the advisors’ personal interest and competence, CropSAT functionality and
uncertainty about how to use it in practice. When using an AgriDSS such as CropSAT in
advisory situations, there is greater complexity because there are more parameters to
consider, rendering more difficult to make proper decisions. Given this combination of
technology and agronomy, the advisors requested more support. This request must be met by
research, the authorities and the companies responsible for developing the AgriDSS. We
claim that in order to increase the use of AgriDSS to optimise crop treatment at the right time
and on the smallest possible scale, there is a need for a change in mind-set by both advisors
and farmers in order to increase sustainability in agriculture.
Key words: precision agriculture, advisor, fertilisation, crop production, decision support
systems
Introduction
Agriculture is facing huge challenges given the requirement for what is known as sustainable
intensification (Garnett et al. 2013) to bring about a “more than doubling of the agri-food
production while at the same time at least halving our ecological footprint” (Sundmaeker et
al. 2016, 130). In a sustainable intensification trajectory, the aim is to increase food
production on existing farmland and decrease the environmental impact, using contextdependent strategies that take both social and natural scientific knowledge into consideration
(Garnett et al. 2013). In such a trajectory, different stakeholders, including individual
farmers, will need to develop situated knowledge that is complex, diverse and local (Leeuwis
2004). In order to handle an increase in complexity in large-scale farming systems at least,
information and communications technology (ICT) and other technologies have an important
role to play (Aubert, Schroeder, and Grimaudo 2012). Various kinds of ICT systems and
concepts, such as smart farming and precision agriculture (PA), are expected to be important
tools in dealing with this complexity (Sundmaeker et al. 2016; Wolfert et al. 2017). PA is a
management concept that is based on observing, measuring and responding to within-field
variations, providing farmers with opportunities to recognise and handle within-field
variations to a much greater extent than ever before (Aubert, Schroeder, and Grimaudo 2012;
Wolfert et al. 2017).

In order to perform PA, certain kinds of ICT systems, known as agricultural decision support
systems (AgriDSS), have been developed. However, for various reasons, many available
AgriDSS are poorly adapted to farmers’ needs and practices and thus are not exploited to
their full potential (e.g. Matthews et al. 2008; Jakku and Thorburn 2010; Thorburn et al.
2011; Aubert, Schroeder, and Grimaudo 2012; Prost, Cerf, and Jeuffroy 2012; Kerselaers et
al. 2015; Rose et al. 2016; Lindblom et al. 2017). As a result, a significant proportion of the
available AgriDSS can be considered as an isolated phenomenon and thus are not commonly
used in practice (e.g. Matthews et al. 2008; Jakku and Thorburn 2010; Aubert, Schroeder, and
Grimaudo 2012; Prost et al. 2012; Rose et al. 2016; Kerselaers et al. 2016; Lindblom et al.
2017). Hence, an AgriDSS must fit in with the farmers’ practice and be combined with
farmers’ situated knowledge or experience in order to function properly (Nitsch 1994;
Lundström and Lindblom 2016; Lundström and Lindblom, submitted). Instead of considering
an AgriDSS as an operational tool to help farmers make decisions, many researchers
highlight the possibility of using an AgriDSS as a social learning tool that can facilitate
discussions and learning among different stakeholders (e.g. Matthews et al. 2008; McCown et
al. 2009; Jakku and Thorburn 2010; Hochman and Carberry 2011; Thornburn et al. 2011;
Lundström and Lindblom 2016; Lundström and Lindblom, submitted). When an AgriDSS is
used as a learning tool, it could frame a change from goal-orientated thinking towards
thinking in terms of learning (Schlindwein et al. 2015). Advisors play a central role
during this learning process.
The aim of this paper was to investigate and analyse extension strategies in advisory
situations, based on access to and use of a Swedish AgriDSS for fertilisation called CropSAT
(www.cropsat.se). The study is based on the research question: How is extension affected and
possibly altered when provided with the AgriDSS CropSAT? Based on the results obtained,
we also discuss the preconditions for advisors that are critical to a credible and usable
AgriDSS in order for it to be used properly in practice when planning and discussing
fertilisation with farmers.
Background
Increased Complexity creates a Demand for new Interventions
In Sweden for many years there has been considerable debate about fertilisation in order to
optimise crop yield and avoid environmental impact. The Swedish Board of Agriculture
publishes Nitrogen (N) recommendations for crop production on a yearly basis (Albertsson et
al. 2016). Based on these recommendations decision-makers should take a great many
parameters into account and adapt the amount of N to crop yield, but still consider an average
yield for each field. Although farmers have been encouraged and advised for many years to
take soil samples, and even if most farmers know from experience that the yield could vary
considerably within a field, the tradition of adaptation to crop need without considering
within-field variation does not seem to be an important consideration. However, over the last
couple of years there appears to be increasing complexity in the N fertilisation of wheat and
malting barley. Some of the underlying reasons for this can be summarised as large
differences in weather conditions, new varieties that have considerably higher N optimums
under good conditions, discussions about stagnating yields, reasonable prices and common
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access to the AgriDSS CropSAT that visualises within-field variation via an open-access
website funded by the Swedish Board of Agriculture. Finally, in 2015 many farmers
produced wheat and malting barley with an insufficient protein content and therefore suffered
large economic losses, which in turn increased the interest in precision fertilisation and the
use of AgriDSS.
Agricultural Decision Support Systems
ICT systems that support users with decision-making are called decision support systems
(DSS) (Alenljung 2008). The aim of DSS is to reduce the effects of weaknesses in human
decision-making or cognitive limitations by increasing the user’s ability to process huge
amounts of information or by expanding the perception or imagination of the decision-maker.
DSS can support decision-makers in making more effective decisions when dealing with
unstructured or semi-structured problems, which are often ill-defined and complex and
without clear and obvious solutions. By definition, DSS are not intended to replace decisionmakers, but rather to support them in the decision-making process. They are interactive,
which implies that there is an exchange between the system and the user. Decision-makers
must be able to identify a change in the conditions, which is why DSS must be adaptive and
flexible to meet user needs and allow modification by the user (e.g. Power 2002; Turban et al.
2007; Alenljung 2008).
To date, agricultural researchers have had the intention of using AgriDSS to transfer
knowledge from science to work practice, with the aim of increasing farmers’ acquisition of
scientific knowledge (e.g. Leeuwis 2004; McCown et al. 2009; Thornburn et al. 2011).
However, most of these AgriDSS have not been acquired and used appropriately in practice
(e.g. Aubert et al. 2012; Eastwood, Chapman, and Paine 2012; Rossi et al. 2014; Kerselaers
et al. 2015; Rose et al. 2016) due to limited adaptation to the needs of farmers and advisors in
their farming practice (e.g. McCown 2009; Aubert et al., 2012; Pierpaoli et al. 2013; Rossi et
al. 2014; Rose et al. 2016). If they are to be used, AgriDSS must be credible and fit well into
the decision-making milieu in which they are to be used (Matthews et al. 2008).
Consequently, there is a gap between research and practice (Mackrell, Kerr and von Hellens
2009). To narrow this gap, it is important to acquire a better understanding of how
individuals in complex situations actually make decisions and use AgriDSS for social
learning, taking into consideration the whole complex socio-technical context in which
extension has an important role to play.
From Expert to professional learning Partner
Moving towards increased sustainability in agriculture, one important lesson learned is that
there is no “generally applicable agricultural development model” (Leeuwis 2004, 4). Rather
we need knowledge that is complex, diverse, local and probably developed in close
cooperation between different stakeholders (Leeuwis 2004). Thus the traditional knowledge
transfer model for extension, with an expert sending a message, an intermediary and a
receiver, is no longer a useful model. Instead, extension advisors, farmers and other actors in
the agricultural knowledge and innovation system (AKIS) need to cooperate to bring different
knowledge and experience into a social learning process. Consequently, there is a need for a
changed perspective in which research should be innovation-driven instead of science-driven,
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and where cooperation between research, extension and end users is crucial (EU SCAR 2012;
Eastwood, Klerkx and Nettle 2017). The new agenda that should be set has to involve
farmers and food businesses as an alternative to being a matter of research dissemination. In
such a learning process, extension has an important role to play. Extension is about
communication, with people exchanging meanings with the aim of reaching cognitive change
and changes in action (Leeuwis 2004). The knowledge needed to deal with complex
situations is diverse and thus different people with different skills and expertise are required.
However, AgriDSS can supplement and facilitate farm management, e.g. technology is
essential for handling large data samples, measuring properties that cannot be detected by the
human vision system, and providing valuable, credible representations of complex situations
that clarify and support actions without losing the complexity. Thus they support, but do not
replace decision-makers (Lindblom et al. 2017). The adoption of new technology or
knowledge is a learning process that involves 1) the collection, integration and evaluation of
new information and 2) the adaptation of the innovation to the user’s situation (Pannel et al.
2006). Thus relevant knowledge must be provided both from the inside (probably the farmer)
and the outside (possibly an advisor), and it is more likely that the inside knowledge will be
the dominant force in an innovation process (Leeuwis 2004). Thus, we should not consider
the advisor as an expert and the farmer as a passive receiver, but rather that both are
individuals with different but complementary knowledge that is required in order to drive the
learning process forwards. An experienced farmer could be considered an expert on his or her
farm due to the development of a considerable amount of situated knowledge (Hoffmann,
Probst and Christinck 2007), which in turn is necessary for the coordination ability of farmers
when applying “complexities of farming on a specific farm” (Nitsch 1994, 32). When using
an AgriDSS as CropSAT for decision-making and learning, the user needs to combine the
visualisation of the crop by satellite images with, for instance, other digital representations,
previous experience or situated knowledge as well as field observations. Consequently, a
significant role for the advisor is to support the adaptation of new technology into farming
practice. In so doing, the advisor should facilitate farmers with the combination of their
situated knowledge and digital representations of the field, their so-called enhanced
professional vision (see Lundström and Lindblom 2016; Lundström and Lindblom
submitted), with the aim of achieving fertilisation interventions that are closer to the
optimum. In the case of N fertilisation, this is a process that presents new prerequisites each
and every year.
Methodology, Data Collection and Data Analysis
Swedish farmers are recommended to fertilise winter wheat one to three times in the spring in
order to optimise yield and protein content (Albertsson et al. 2016). In order to calculate and
apply a variable rate of N, farmers need AgriDSS support using an average amount of N for
the target field as a basis. During the spring this amount is reviewed in relation to crop quality
and plant stand. In 2015, a new AgriDSS called CropSAT was introduced in Sweden by
Focus on Nutrients, a state-funded project aiming to reduce agriculture’s environmental
impact. CropSAT is an internet-based, free AgriDSS that uses satellite images to calculate
vegetation indices (VI) (Qi et al. 1994) and variable rate application (VRA) files. To calculate
a VRA file in CropSAT, the user visits the website and selects a field and a satellite image.
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The VI is then calculated and shown in Google Maps. To receive a VRA file, the user must
decide the level of N fertilisation within five VI classes, which are estimated automatically
from the satellite data (Fig. 1) and used to calculate VRA files. The VRA information can
then be transferred to the fertiliser spreader via a USB stick. In 2015 there were 4,000 users
registered on the website; by 2016 that number had increased to 4,800.

Figure 1 a) Vegetation index (VI) displayed on Google Maps, where the user must enter five levels of nitrogen fertilisation
compared with the coloured scale. B) A variable rate application (VRA) file ready to be entered into the fertiliser spreader via a
USB memory stick

In order to investigate farmers’ socio-technical systems in relation to AgriDSS use in PA, an
empirical case study was performed during 2015 in western Sweden. The case study took the form of
a workplace study (Luff, Hindmarsh and Heath 2000) through qualitative inquiry investigating the use
of CropSAT by four farmers and their advisors in relation to making decisions about the N
fertilisation of winter wheat. The analysis was conducted using the theoretical framework of
distributed cognition (Hutchins 1995) as a lens (for further details see Lundström and Lindblom 2016
or Lundström and Lindblom submitted). During 2016 and 2017, a follow-up study was conducted in
which thirteen additional advisors from other parts of Sweden were interviewed to complement the
earlier findings. The interviews were conducted by telephone (eleven advisors; notes were taken) or in
personal meetings (two; interviews were recorded). The interviews lasted between 30 and 90 minutes.
The recorded interviews were transcribed and all the interviews compiled and analysed thematically.
It should be noted that in Sweden farmers pay for most of the extension work to improve agricultural
production issues. In this paper, the participating advisors were categorised as independent (Kuehne
and Llewellyn 2017) because they are either employed by a Swedish agricultural society or by a
private firm, but are not resellers.

Findings
The earlier workplace study (Lundström and Lindblom 2016; Lundström and Lindblom submitted)
revealed that CropSAT can provide new information about a field and facilitate action, learning and
decision-making when considering fertilisation. CropSAT provides new kinds of digital
representation formats that visualise the within-field variation in biomass with more clarity than can
be achieved with the human eye alone, as well as a possibility of applying N fertiliser adapted to this
identified variation. The major challenge was to deal with biomass variability by setting five levels of
N fertilisation. In this cognitively demanding process, social interactions with a willing and able
advisor, reflecting on field observations as well as different representations such as soil maps and
Spadmeter
(http://www.specmeters.com/nutrient-management/chlorophyll-meters/chlorophyll/
spad502p/) measurements from the field, were valuable and functioned as a coordinating mechanism.
Thus, the advisor had an important role to play in the adoption and use of CropSAT by supporting
technology use for learning as well as for decision-making (for further details, see Lundström and
Lindblom 2016 or Lundström and Lindblom submitted).
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The interviews conducted with advisors in the follow-up study in 2016 and 2017 elucidated their wide
acceptance of the occurrence of within-field variation and the familiarity of all of them with
CropSAT. Nevertheless, there were extensive differences in whether and how they used CropSAT in
their extension practice. The analysis from the interviews revealed four categories of advisor
strategies for CropSAT use, with individual advisors being able to several strategies:
1.
2.
3.
4.

I do not use it!
I will use it if I have to!
I use it myself and tell the farmer how to fertilise!
I use it with the farmer!

The answers grouped into the first category seemed to depend on: 1) uncertainty among advisors as to
how to relate the satellite image to crop need and consequently how to determine the N demand at a
specific spot in a proper way due to 2) a perceived lack of a proper scientific foundation for the
functionality of the AgriDSS. CropSAT measures a vegetation index that should be related to the
actual field. The index in a specific area should be related to the same area in the field and then the
user has to decide the amount of N using the same tools as they would when deciding an average
amount for the whole field. However, our interpretation is that if the advisors perceive themselves to
be experts who ought to provide reliable answers to complex problems, this increased complexity
could be considered negative. Some of the answers from the advisors revealed that it is easier to
suggest an average amount for the whole field, knowing that it is not optimal, rather than a specific
amount for a specific part of a field, especially if you do not have access to, do not want to use or do
not trust other handheld tools that could support such kinds of technology-mediated decisions.
The second strategy was mostly used in areas with lower productivity and by a higher proportion of
organic and dairy farms. Accordingly, the advisors said that their farmers did not have “that kind of
farm”, the farmers were not interested or “not so technically advanced” and “when nobody asks the
question, nothing will happen”, but “if somebody do ask, it will be solved”. They waited for the
farmers to react and said that “the customer pushes the development by demand”.
The third strategy was to use CropSAT when the farmers requested it, but normally not together with
the farmer. Instead the advisors performed the calculations in their offices and provided the farmer
with a suggestion for the average amount of N or with a USB memory stick that could be used in the
spreader. Using that kind of strategy, one advisor said that she could test the AgriDSS by herself in
order to know what to say to the farmer, reflecting that she felt that there were expectations that she
was an expert who ought to be able to tell the farmer what action to take.
The fourth strategy often used CropSAT with the farmer, either in the office or in the field, as a basis
for discussion and sometimes for fertilisation. One advisor said: “CropSAT is part of my concept”, but
claimed that every advisor plans their work individually. This group was positive about using other
PA tools as well: “This feels like the right way to go”.
The earlier workplace study revealed that CropSAT could be used as a social learning tool to support
farmers’ situated knowledge and that it enhanced professional vision when farmers and advisors used
it collaboratively together. However, the additional interviews with advisors resulted in four kinds of
strategies in which the majority of advisors did not use CropSAT as a social learning tool.
We claim that the strategies used by the advisors could also be related to farmers’ requests and needs
and advisors’ personal interests and doubts about their expertise, knowledge or role, AgriDSS
functionality, personal choice and uncertainty as to how to use it. When using an AgriDSS such as
CropSAT in fertilisation, the complexity increases because there are more parameters to consider, and
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thus it could become more difficult to make correct decisions. One of the advisors who preferred the
first category described it as “what this field needs on an average I think is easier to say ... than what
that specific spot should have and that specific spot should have ... because when you work with
general values for the whole field ... then it will be ... largely on average ... and ... yes ... what you
think about the yield and so on... but ... it's not so critical ... as when you're going to decide exactly on
a specific spot”. Our interpretation is that if you consider yourself an expert whose role is to tell the
truth, the use of this kind of technology, which increases the complexity, is viewed as much more
complicated. On the other hand, this could be solved by making the technology responsible.
Accordingly, some advisors requested an expert system, providing an optimal N amount for the five
levels instead of exchanging experience with the farmer: “Now you really need knowledge about the
field… and to have a dialogue with the farmer”! When asked about whether it would be possible for
an ICT system to give the exact amount of N demand, one advisor answered: “Yes I really hope so …
since I know so little myself …” Expectations of the technology also increased the demands. “You
want up-to-date satellite images … every, or every other day”, otherwise the advisors did not seem to
trust them. Our interpretation is that for some reason they suddenly expected an accuracy in relation to
the N amount presented by the AgriDSS that was far beyond the accuracy in the traditional
fertilisation strategy with an average ratio of N. Some expressed a difficulty and complexity around
making decisions in relation to the crop, but they also expected the technology to manage it much
more effectively. They hoped for an expert system or what Black (2000) would call a technology fix.
However, some of the advisors interpreted CropSAT as an AgriDSS. One advisor commented: “what
we have here is a tool that can help you make decisions, however… you can never get a better result
than what you tell it to do”. Another one said: “the technology will never provide the exact truth…
which seems to be a problem among my colleagues. However, this is closer to the truth than before”,
suggesting that what was needed was: “a successive change in mind-set”.
Based on these findings, we suggest that there is a need for more support for advisors and for
discussions about the functionality of this kind of AgriDSS, user strategies and the role of the advisor.
Is the advisor an expert who tells the truth or a sounding board involved in a social learning process?
Dreyfus (1972/1979, 1992) argued that intelligence and situated knowledge require a background of
common sense, with which humans are equipped by virtue of being embodied and situated in their
physical, social and cultural world. As a result, it would not be possible to represent human
intelligence and situated knowledge within a computer program, as exemplified in an expert system.
Furthermore in the case of N fertilisation, every year is a new year/situation because automation in a
continually changing environment is difficult and demands human supervision.
In summary, the actors responsible for designing new technology need to provide credible
explanations, valid data and implementation strategies to ensure adaptation to farming practice.
Farmers need to be acknowledged for their situated knowledge and experience, which is central to
increased sustainability. At the same time, however, they must not consider themselves to be passive
receivers of knowledge, but rather accept their responsibility as consumers. Advisors should
reconsider their roles as being more of a sounding board taking part in a social learning process than
as experts who provide exact answers. They must also step out of their comfort zone and start
introducing technology use in crop production, considering an AgriDSS as a support for decisions and
not an expert system. There is probably a need for new actors who support the use of technology.
However, when using technology as a tool for crop production, agronomy knowledge is essential.
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Discussion and Conclusion
The aim of this paper was to investigate and analyse extension strategies in advisory situations, based
on access to and use of a Swedish AgriDSS called CropSAT (www.cropsat.se). The research question
was: How is extension affected and possibly altered when provided with the new AgriDSS CropSAT?
Based on the results obtained, we also discussed the preconditions that are critical to a credible and
usable AgriDSS for advisors to use it properly in practice when planning and discussing fertilisation
with farmers.
This project revealed that the mindset among some Swedish advisors within crop production has
changed or is slowly changing from considering the field as a uniform entity to considering withinfield variation as something that is worth bearing in mind. We argue that this way of acting is a step
towards increased sustainability in large-scale agriculture. When the central basis for fertilisation
changes, there is suddenly a challenge to be dealt with and resolved in order to adapt more effectively
to crop need. This could be the first step towards addressing the frustration of, for instance, the
European Parliament (2016), which says that: “the full potential of precision agriculture is not yet
harvested. We only see a first series of precision farming practices implemented on small number of
farms. These precision farming are making farming more easy rather than giving crop plants and
animals the optimal treatment at the right time and lowest scale possible. For the latter, the adoption
rate is still very low” (European Parliament, 2016).
Swedish agriculture has faced demands to adapt fertilisation to crop need for some time, but only at
an average level in a specific field. However, all the actors know that there is within-field variation in
biomass. Free access to an AgriDSS such as CropSAT makes the variation more obvious, and for
farmers who already have convenient technology, also offers a possibility to do something about it.
However, additional knowledge about the field increases complexity and highlights the complicity of
finding a true answer. To use an AgriDSS to evaluate crop need, the user needs knowledge of the
crop, understanding of how the technology really works, and confidence in the technology too. This
kind of confidence is traditionally provided by public research and extension (Eastwood, Klerkx, and
Nettle 2017). In the case of CropSAT the technology does not answer the question of how much N the
crop needs, it just provides an opportunity to adapt N fertilisation more effectively to biomass
variation. The actual amount must still be set by people who use the same tools as those found in
traditional fertilisation. Using CropSAT or other AgriDSS will demand more engagement from the
farmer and the advisor, otherwise the technology’s potential will not be exploited. However, in this
combination of technology and agronomy, the advisors seemed to be aware of the increased
complexity and requested more support to use it. This request must be met by research, the authorities
or companies who are responsible for the AgriDSS in order to support the advisors who feel
responsible for the advice they give.
Different expectations from all parts of extension need to be discussed. Traditional crop advisors
struggle with their own ambition to contribute to improving production, with changes in their roles
due to increased complexity and with supporting farmers in using new technology. Accordingly the
next important step to increase the adoption of technology would be a changed mindset among both
advisors and farmers, without expecting a technology fix (Black 2000). We recommend a shift from
viewing extension as knowledge transfer towards it being perceived as a joint learning process, where
knowledge from both the inside and outside is needed. However, this joint learning process could
involve other actors as well, such as researchers, technology providers and, in the case of CropSAT,
the government organisation funding the AgriDSS. PA technology requires support structures to
facilitate learning, thus reducing uncertainty and supporting adoption (Eastwood, Klerkx and Nettle
2017). We would claim that there is a gap between agronomy and technology that needs to be bridged
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or at least narrowed if PA AgriDSS use is to be extended to wider groups of farmers to support their
enhanced professional vision (Lundström and Lindblom 2016; Lundström and Lindblom submitted),
either by already established advisors or by somebody else. Regardless of who it is, this group needs
to be involved in technology development and design to increase its legitimacy and provide a better fit
with practice, in the same way that farmers need to be involved (Jakku and Thornburn 2010;
Lindblom et al. 2017; Rose et al. 2017).
These days PA and concepts such as Smart Farming and Future Farming offer opportunities as well as
drawbacks from the user’s point of view. Some argue that the role of people in analysis, planning and
decision-making in farming practices is being taken over still further by machines so that the decisionmaking cycle will ultimately be fully autonomous, while other researchers argue that humans are still
in the decision-making loop “but probably at a much higher level of intelligence” (Sundmaeker et al.
2016, 133). Handling large amounts of unstructured heterogeneous data requires “a smart interplay
between skilled data scientists and domain expertise” (Wolfert et al. 2017, 79) promoting a
transdisciplinary approach. It also requires a cognitively demanding ability to convert and interpret
the collected data into available and meaningful pieces of information that can be acted upon, and
simultaneously this information should be combined with additional historical data and many other
kinds of available data and information (Sundmaeker et al. 2016; Wolfert et al. 2017). We argue that
this higher level of intelligence in the form of domain expertise is aligned with other comparable
situations from inside, or what Nitsch (1994) refers to as the coordination ability of farmers based on
situated knowledge, and then with the experience of advisors, the outside. We claim that this kind of
change in mind-set among advisors and farmers, in line with within-field variation, technology use
and expectations as well as expertise, is vital to increase sustainability in agriculture.
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