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Summary
The focus in agriculture is changing from quantity to quality and sustainability. Food safety,
chain transparency and sustainability are issues of the day. This involves an increasing need to
monitor the production process and keep a registration (e.g. time executed, used pesticide,
etc.) of the activities performed. This thesis focuses on the process “spraying of agricultural
fields” which is often the fastest and cheapest means of crop protection in a crop production
system.
The spraying of agricultural fields consists of sub-processes that involve strategic planning,
tactical planning, operational planning and execution. For this project the allocation of
resources (pesticides, labor, etc.) and the actual application of the pesticide are the most
relevant processes. This includes the development of the yearly spraying plan. The changing
focus in agriculture involves an increasing information intensity and farmers face difficulties
managing this mass of information effectively.
A farm management system can support farmers in the effective management of information.
The overall system consists of several modules, all supporting one or more processes. These
modules need to communicate to optimize farm operations. Data standards defining how the
modules can communicate are lacking and need to be developed. Therefore we need a precise
description of what information is used for which process.
Business process modeling is a tool to analyze and improve business processes and can help
to get the needed insight in the processes. The business process models of the most relevant
spraying activities are presented in this report. They are not optimal yet and need further
development. However, they are a good starting point for further design and analysis and can
eventually be used to define proper data standards and develop software applications that
support the farm processes.
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1 Introduction
Every farmer that grows crops in the Netherlands implements some crop protection strategy.
This can be done in many ways, for example by tillage of the soil (plowing or weeding) or by
covering the crop with plastics to prevent damage caused by frost. A table with 20 operational
crop protection methods is presented in (Kempenaar, van der Weide et al. 2009). At least 11
of these methods involve spraying a pesticide on a field. Spraying is a well-known means for
crop protection in traditional farming. It is performed mainly for three reasons: to kill plants
which compete with the crop for nutrients, space or sunlight, i.e. weeds, to treat fungal
infections, or to attack unwanted animals, like insects or mites.
Agriculture is changing from a quantitative production system to a more qualitative and
sustainable production system. Monitoring and registration of all activities on the farm
becomes more important. This involves the need to handle a mass of information, which is
mainly done by hand at the moment. (Sørensen, Fountas et al. 2010) For farmers this is an
administrative burden. Software systems that can manage information effectively can support
farmers in this task and provide a tool to improve future activities.
Before such systems can be designed the focus should be on learning what farmers actually do
and how they perform their activities. However, in general farmers take decisions based on
their experience and intuition and the associated processes remain very much implicit and
internal. (Sorensen, Pesonen et al. 2010) In this thesis these processes are analyzed to get the
needed insight and make the support of these activities by information systems possible.
To represent and validate the activities the business process modeling notation 2.0 (BPMN) is
used. A business process is defined as “a collection of related, structured activities or tasks
that produce a specific service or product”1. Ordering pesticides is an example of a business
process related to spraying. The models of the business processes are known as business
process models (BPM). In chapter 3.5 a more extensive description of this method is
presented.
Further, this introductory chapter defines the problem, giving a description of the current and
the desired situation. Also the relevant parties with which the farmer has a business
relationship are presented. When the problem is clear the scope of the project is stated,
followed by the objective and the research questions. Finally the outline of the remainder of
this report is given.

1.1 Problem definition
This section defines the problem, comparing the current with the desired situation.

1.1.1 Current situation
Arable farmers are dealing with increasing requirements with respect to food safety, chain
transparency and sustainability. In the spraying of agricultural fields especially requirements
1

http://www.ichnet.org/glossary.htm

1|Page

with respect to pesticide use are relevant. The legal restrictions to the application of pesticides
in the Netherlands are set by the ‘Board for the Authorization of Plant Protection Products and
Biocides’ (CTGB, in Dutch: ‘College voor de Toelating van Gewasbeschermingsmiddelen en
Biociden’). This board takes decisions about the admittance of pesticides based on the policy
of five governmental departments2. Also other organizations set restrictions to pesticide use.
Retailers have limited the amount of pesticides a supplying farmer is allowed to use for
example, to claim that the products they sell are more sustainable and of a higher quality. The
main goal of the regulation of pesticide use is to support the increasing demand for arable
crops now and in the future, preserving the current resources. This means that safety limits for
people and the environment must be taken into account. (de Veer and Boogaard 2010)
One of the consequences of increasing restrictions and registration issues is that farmers have
to spend more time doing administrative work. Managing information effectively is a great
challenge for farmers and is becoming one of the main issues for farmers nowadays (Matocha
2008), (Sorensen, Pesonen et al. 2010). To support the farmer in his work several software
systems have already been developed. Agrovision3 and Dacom4 are well-known companies
that provide supporting software systems. These systems all support some of the business
processes of a farmer, but there is no overview of which processes are supported and which
are not.
Currently, available systems are not widely adopted by farmers. One of the main reasons for
this is that the information available from the different systems is not integrated. (Sørensen,
Fountas et al. 2010) The integration of information is necessary to optimize the support a
farmer can get from such a system. This also simplifies the exchange of information to other
parties and with that the connection of information within the supply chain improves.

1.1.2 Desired situation
Farmers desire a system which integrates all available data from the business processes,
external sources (e.g. weather forecasts) and historical activities (e.g. pesticide registration
data about dosage, time applied, etc.). By integrating these data the system is able to provide
the farmer with valuable information and support the connection of the information within the
supply chain. The information supports the farmer in making decisions for his company and it
is available for further analysis to improve future processes.
Farmers state that the system must be flexible, so new legislation or changing demands from
society can be implemented in an easy way. To provide this flexibility the data formats used
by the system are universal to have easy communication with other systems or services.
Furthermore the advice and support given by the system should satisfy existing legislation.
Finally, the system should have a positive financial result for the farmer, to make the
investment worthwhile for him. (Kruize 2009)

2

www.ctb-wageningen.nl
www.agrovision.nl
4
www.dacom.nl
3
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1.1.3 A generic supply chain for arable farming
In this section, we introduce relevant actors that cooperate in a generic supply chain for arable
farming. In order to adopt a standard notation, we employ the Business Process Modeling
Notation (BPMN). In BPMN actors are called business partners. A business partner can be a
supplier, customer, service provider or any other entity with which the farmer has a business
relationship. If the same business processes are used for a group of business partners this is
called a business partner category.5

Figure 1: Business partners: a generic supply chain for arable farming
Adapted from (de Veer and Boogaard 2010)

The supply chain of a typical arable farm is presented in Figure 1. The central business
partner of the project is the farmer. All resources and information flows converge to this
business partner and diverge again when proceeding in the supply chain. The farmer can be
seen as the hub of all product and information flows.
The farmer is limited in his actions related to pesticide use by regulations set by the CTGB
and the government, as well as by requirements set by the retail sector and the consumer.
Pesticide suppliers do not only supply pesticides, but have a very important role as adviser as
well. The pesticide supplier provides the farmer with information about what pesticides best
suit his particular problems. A supporting system will probably (partly) take over this role.
Therefore, the pesticide supplier is a relevant supplier of information that needs to be
implemented in the system.
5

http://it.toolbox.com/wiki/index.php/Business_Partner
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1.2 Research outline
The main discrepancy between the current and the desired situation is the lack of integrated
information. Farmers need a system which enables interoperability between existing systems
and can support them with the increasing need to manage information effectively. To realize
such a system we need a good (realistic) insight in the work farmers perform.
Although there are many methods of crop protection available, this project focuses on the
spraying of agricultural fields. Only the pesticides that are applied most in Western
agriculture are taken into account. These are chemical pesticides in a liquid or solid phase,
targeting fungus, weeds or insects. It is assumed that farmers observe the regulations and
every activity can be registered in the system automatically.
The developed models need to be generic and easily adaptable. Furthermore, they need to be
valid for Western (information intensive) agriculture. In this stage no executable files or
further implementation of the models is taken into account.
The objective of this thesis is to get insight in what business processes are performed in the
planning, execution and registration of spraying activities on farms. These processes are
analyzed and modeled.
To accomplish this, three research questions are formulated.
1) What are the business processes involved in the planning, execution and registration of
the spraying of agricultural fields?
a) What processes must be executed?
b) What technologies are available to support these business processes?
c) What strategies can be adopted for planning the activities at point a)?
d) What external conditions can influence the planned activities?
2) What software systems support the processes identified from the first research question?
3) Is BPMN a suitable modeling strategy for modeling the business processes?
The above questions will be answered in the remaining part of this report, which is structured
as follows. The next chapter explores the spraying of agricultural fields. The relevant
processes are identified and the risks and opportunities of pesticides are discussed. Also
relevant factors affecting spraying decisions are presented. The third chapter describes the
technologies available for spraying. Software systems, precision agriculture and the business
process modeling notation are covered. The developed business process models are presented
in the fourth chapter of the report. The report ends with the conclusions, a discussion of the
results and some recommendations for further research.
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2 Spraying of agricultural fields
2.1 Introduction
Activities performed at a farm can be divided in primary processes, support processes and
managerial processes. Primary processes are the processes with which the farmer actually
earns his money. In the agricultural sector this is either livestock production or crop
production. The support processes are those processes that make the primary processes easier
to carry out, such as the purchase or maintenance of resources. Managerial processes direct
and coordinate the primary and support processes. This includes planning and human resource
management. (van der Aalst and van Hee 2002)
Figure 2 below provides some examples of the different kind of processes. The focus of this
report is on the primary process crop protection and in particular spraying.

Figure 2: Different farm processes
(Kruize 2009)

The work involved with the spraying of agricultural fields can be executed by a general or a
specific purpose process (Verdouw 2010). General processes are processes which are the
same for different companies and which are executed in the same way. A typical example of a
general process is inventory control. General processes have been defined by many companies
and are already well-known. Therefore general processes are not described in this project.
This chapter presents the processes involved in agricultural spraying activities and discusses
different influences on their execution.

2.2 Spraying processes on a farm
The primary process “spraying” consists of several sub-processes that involve strategic
planning, tactical planning, operational planning and execution. During or after execution of a
task it is important to register execution data (e.g. dosage, current weather, etc.). The collected
data can be analyzed to improve the tasks in future.
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2.2.1 Strategic planning
The strategic planning level is the highest planning level and involves processes of which the
effect is noticeable for many years. Decisions made during these processes determine the
nature of the company. A typical example is the decision whether a traditional or an organic
farming strategy is implemented.
For spraying two important processes at this level are identified. The first one is about the
overall farming strategy the farmer implements. This can be organic or traditional farming. If
the farmer decides to implement an organic strategy, there are no other spraying processes
left, since no pesticides are used in that situation.
The second process which has a large influence on spraying processes is whether the farmer
sticks to a traditional method of spraying his fields or applies precision agriculture. This is
particularly important when considering in which type of machinery to invest. The
opportunities of precision agriculture are discussed in chapter 3.4.

2.2.2 Tactical planning
The tactical layer involves periodical processes which have to be executed every year or every
growing season. This includes the allocation of different resources (pesticides, fertilizers,
labor, etc.) for the whole company. Here again the targets of the farmer, but also the
restrictions set by different parties, need to be taken into account. The goal is to optimize the
production.
The main tactical process in the field of spraying is the development of a yearly spraying plan
per crop. This plan schedules all spraying activities the farmer is planning to execute, based
on the crop rotation plan. Information about the needed resources is included.
According to the spraying plan the farmer orders the pesticides, schedules the labor and
checks his machinery. If the farmer decides to outsource the spraying activities, the spraying
plan can be used to hire an agricultural contractor.

2.2.3

Operational planning

The operational planning level is about the actual execution of field work or monitoring tasks.
Based on the yearly planning the farmer creates a task file for each scheduled activity. This
file includes details about the task to be executed. If the task is a monitoring task it will define
the monitoring object, period, etc. For actual field work the machinery, pesticides, dosages,
fields etc. are defined in the file.
When the starting time of a task file is reached the farmer (or another worker) should execute
this process. However, several reasons exist why that may not be feasible. The weather
conditions may not be optimal or a certain pest may occur earlier or later than expected.
Therefore in every task file it should be considered whether the timing is optimal.
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If the planned activity is, for any reason, not executed at the scheduled time, the yearly
spraying plan should be updated. This also holds when the process is stopped by the farmer
during the execution. Anytime a spraying activity is performed this must be registered for
later use.
Control of a crop production process implies dealing with a high degree of uncertainty. The
risk of facing unforeseen events or pests is always present. If monitoring tasks are scheduled
properly this is noticed in an early stage. Usually a fast response is required to minimize the
involved risks, especially in the case of pests. If spraying is needed this is an unplanned
process, which is triggered by an event: the occurrence of the pest. The performed spraying
process still must be registered after execution.
Relevant tasks in the spraying of agricultural fields are:
- Monitor crop
- Prepare spraying liquid
- Check feasibility
- Spray field
Proper management of data collected during execution of these processes simplifies the
pesticide administration a farmer has to keep.
Table 1 provides an overview of the presented spraying processes.
Table 1: considered processes

Strategic
Tactical
Operational
Tasks

Determine farming strategy
Determine application method
Develop yearly spraying plan per crop
Define monitoring task
Define executing task
Check weeds on field
Check molds on crop
Check insects
Check spraying conditions
Prepare spraying liquid
Apply pesticide
Register operations

2.3 Pesticides
Using pesticides is inherent in the presented spraying processes, especially in traditional
farming. Society in general has a negative attitude towards the use of pesticides in agriculture.
This can partly be explained by the fact that most literature focuses on the negative attributes
and outcomes of pesticide use. However, despite the many alternative crop protection
strategies available, still pesticides are a widely used means of crop protection. In this section
the characteristics and opportunities (Cooper and Dobson 2007) of pesticides are presented.
7|Page

Pesticides can be categorized according to their objective, their physical state (i.e. solid,
liquid, gas) or their chemical structure (James, Lyznicki et al. 1997). Spraying processes are
different for pesticides with different objectives. This must be taken into account when
modeling the processes. The physical state and the chemical structure make no difference for
the spraying process, except that a solid pesticide needs to dissolve before spraying. This is
only a minor difference in the preparation of the spraying liquid.
Categorized according to their objective the three most used pesticides in agriculture are:
-

Fungicides: against fungus
Herbicides: against weeds
Insecticides: against insects

The CTGB makes another distinction between pesticides based on the intended use. They
define plant protection products and biocides6. Both are commonly used in agriculture. Since
the processes are the same for both, this distinction is not taken into account in the remainder
of this report.
Controlling pests and (causes for) plant diseases is the most relevant reason for pesticide use
in agriculture. There are several benefits associated to this. Pests and diseases cause yield
losses and a drop in quality. An improvement in yield and quality of the crop is therefore the
most obvious benefit of pesticide use. In this way pesticide use helps to maintain and develop
a reliable food production and delivery system, which is in line with the still increasing
demand for arable crops.
Other benefits include a reduction in drudgery (think of manual weeding), fuel needed for
weeding and soil disturbance. Furthermore the use of pesticides can prevent epidemics or,
when used in stored products, prolong the viable life of a product preventing post-harvest
losses, for example. More secondary benefits are described in (Cooper and Dobson 2007), but
their relation to pesticide use is not so clear.
It is a point of discussion whether the benefits described are really associated with pesticide
use, or in fact with crop protection (Edwards-Jones 2008). When the latter is the case also
other crop protection methods can achieve the same benefits. Under some circumstances this
will be the case. However, pesticides are often the cheapest and most efﬁcient control strategy
available (Zettler and Arthur 2000). Furthermore pesticides are a fast and easy to use method
of crop protection, which makes their use convenient for farmers.
Of course also negative effects are involved in the application of pesticides. Especially public
health and environmental issues play a role. These negative effects must be limited as much
as possible. Therefore strict regulations are set by the government and other parties. This is
detailed in section 2.4.2.

6

See Appendix A: for the formal definition
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2.4 Factors affecting spraying processes
To get a good and realistic insight in the way the previously determined spraying processes
(chapter 2.2) are executed it is important to know what impact certain aspects have on the
spraying decisions taken by a farmer. This section describes the impact of environmental
conditions and governmental and consumer based restrictions on the spraying processes.

2.4.1 Environmental conditions
One of the difficulties in planning activities on a farm is that you are always working in a
natural environment. This involves several uncontrollable factors that influence the feasibility
of executing a process. The most important factors are the weather, soil and crop conditions.
Each pesticide has its own optimal weather conditions. Certain pesticides may need a moist
crop to perform well, while others need a dry period after application to prevent that it is
washed away. Solar impact, humidity and wind are all weather conditions that can change the
effect of a pesticide. Therefore a farmer always must check the current, but also the predicted
weather conditions before spraying a field.
Also the conditions of the crop and soil need to be right. If the soil is very wet it is not
desirable to drive on it with a large tractor. The farmer than needs to consider if it is better to
wait, or that the pesticide has to be applied. The same holds for the crop conditions. If the
crop is very weak, a pesticide may cause more damage than good.
Dealing with a natural environment implies that conditions may not be perfect. Often a farmer
needs to make a comparative assessment to decide between two options that are both not
optimal. At the moment there is a lack of validated decision rules for these decisions. This is
one of the main problems of supporting farmers with information systems. (Sorensen,
Pesonen et al. 2010)

2.4.2 Restrictions
The information in this section is based on the websites from the CTGB7, the government8
and an interview with a pesticide supplier and adviser (see Appendix B for a summary of this
interview).
Legal restrictions to pesticide use in the Netherlands are based on the act of plant protection
products and biocides9 (“pesticides act”) which replaced the old pesticide act in October 2007.
This act is based on European guidelines and restricts the usage, trading and storage of plant
protection products in the Netherlands. The focus is on safety and health of society and the
environment.
The CTGB is responsible for the implementation of the pesticides act and formulated
regulations on how to bring the act into practice. Decision-making about the authorization of
7

www.ctb.agro.nl
www.overheid.nl; http://www.antwoordvoorbedrijven.nl/product/wet--enregelgeving/Gewasbeschermingsmiddelen-en-biociden
9
http://wetten.overheid.nl/BWBR0021670/geldigheidsdatum_12-01-2011#Opschrift
8
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pesticides in the Netherlands is therefore one of the key tasks of the CTGB. Before a pesticide
is authorized it is tested and the possible risks involved are evaluated. Only when these are
acceptable the pesticide is placed on the market.
If a pesticide is authorized the legal user instructions (see Appendix C for an example) are
developed. This is a very precise description of how the pesticide can be used. Included can
be:
-

-

Intended use: professional10 or non-professional
Type of use (e.g. as a herbicide or fungicide)
The crops for which the pesticide is authorized
Safety period (time between last application and harvest) per crop
Application instructions
a) Dosage
b) Water volume
c) Preparation of spraying liquid
Allowed application period during a year
The use of technical aids, like gloves or protecting clothes
Precautions and safety advices for the protection of human, animal and
environment

Also other restrictions may be defined in the instructions. This depends on the characteristics
of the pesticide. Examples are the prohibition of a pesticide in a water-collecting area or
during periods with increased rainfall (e.g. September until March) to prevent leaching. All
the information is available in a database managed by the CTGB, but is also present on the
package of the pesticide.
Neither the government nor the CTGB limits the amounts of pesticides that can be sprayed
per hectare. However, to prevent health problems the European Union has set maximum
residue levels (MRL). These state the maximum allowed concentration of pesticide residues
in or on food or feed. The MRL is usually set at least a factor 100 below the no observable
adverse effect level (NOAEL), (Cooper and Dobson 2007). This minimizes consumer
exposure to pesticides and with that the risk for public health issues. It is assumed that if a
farmer takes the dosages and safety periods that are specified in the legal user instructions into
account, the MRL are not exceeded. If measurements point out that the MRL are exceeded
nevertheless, this usually results in a withdrawal of (part of the) authorization of the
concerned pesticide.
Next to legal restrictions farmers often face restrictions set by other business partners from the
supply chain. Retailers can set limits to the amount of pesticides a delivering farmer is
allowed to apply on a certain product. They can use this as an advertisement, selling ‘better’
products to the consumer. These additional restrictions may exclude certain pesticides
10

If the intended use of a pesticide is professional it means you need a proof of competence (a spraying license)
to work with the product. Depending on the intended use you may need different licenses. See also:
http://www.spuitlicentie.nl/licenties.php (in Dutch)
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completely, or limit the allowed amounts sprayed per pesticide or per crop. An example is a
restriction once set by Nedato 11 (the Dutch potato growers society, a potato retailer) who
limited the use of pesticides to 10 kg of active matter per ha per growing season.
Finally, the government and also other business partners require that a farmer keeps a
registration of the pesticides used at his company. This is supervised by the General
Inspection Service which recently became an agency of the Food and Consumer Product
Safety Authority. Usually they check samples of the products that are delivered to the market.
However, incidentally they can request a farmer to send his pesticide registration for an
inspection12.

2.5 Conclusion
In this chapter the processes needed for the spraying of agricultural fields have been defined.
It is clear that especially for the executing tasks a precise description of the working methods
of the farmer including the decision rules that could support these processes are lacking. The
planning of spraying activities has to be updated regularly based on unforeseen and
uncontrollable conditions. Restrictions set by the government or other business partners have
to be taken into account.

11
12

http://www.nedato.nl/
http://www.vwa.nl/english
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3 Technologies
3.1 Introduction
Now that the processes involved in the spraying of agricultural fields are known,
improvements are considered. This is needed to meet the increasing requirements from the
different business partners now and in future. Environmental and financial advantages can be
obtained if the spraying processes are optimized. The first principle discussed in this chapter
is the support of farm processes by information systems. Some examples of already available
systems are provided. Secondly, the opportunities and complications of a precision agriculture
strategy are presented. Both principles need a precise description of the involved business
processes. Therefore the business process modeling notation is introduced in the final section
of this chapter.

3.2 Farm management system
Traditionally farmers try to handle all available information by hand. However, the collection
and analysis of the information is becoming more difficult as more data becomes available.
To meet the increasing demands it is important to support the farmer in this problem. A
system which can monitor the effect of executed tasks, unexpected conditions or any kind of
new information is needed. This system can give the farmer information about the need to
update the planning and help the farmer in meeting registration requirements. A system which
supports a farmer to manage his company and resources is known as a farm management
system. (Sørensen, Fountas et al. 2010)
The goal of a farm management system (FMS) is to improve the economic and operational
efficiency of operations (see Figure 3), reduce environmental impact and comply with various
documentation requirements. One of the main difficulties, compared to other industries, are
the uncertainties resulting from the biological processes, the fixed supply of land, the small
size, weather forecast and the perfect competition. (Sorensen, Pesonen et al. 2010)

Figure 3: Improvement of tasks by monitoring them

The use of software systems involves also the use of models. It is important to realize that
models are (often) simplified representations of reality based on assumptions. Figure 4 below
shows the relation between the real world and the modeled world by software systems. Since
the FMS is based on models, you should always use the support given by the system as an
advice and not as the best way to go by definition.
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Figure 4: System representation

Figure 4 starts in the top left corner with the real world, which includes the company (fields,
crops, buildings, etc.) of the farmer. This is the object to control. Machinery is used to execute
tasks. The machinery can get information like the coordinates of the fields or spraying plans
from a software system. In this system the developed plans are stored. When a task is
executed, registration data are sent back from the machinery to the software and are stored
there.
A modeled world (a representation of the real world) is stored, containing all kind of
information about the real world. This can for example be geographical information of the
fields, soil quality maps or maps showing which weeds typically appear on which location.
The farmer, who is part of the system, usually has a lot of knowledge of his business, based
on experience and understanding of the characteristics of his fields, machines, etc. This
includes knowing what to do, how to do it and why to do it. To be able to support the
processes of the farmer as good as possible, the knowledge of the farmer should be stored in
the IS. Here the distinction between explicit and tacit knowledge is relevant.
Explicit knowledge is the kind of knowledge which can be articulated, codified and
transferred (i.e. stored in the FMS) relatively easy. Examples are the location of the fields
(coordinates) and the prices of different pesticides. Tacit knowledge is the kind of knowledge
the farmer has, which he finds difficult to articulate, codify and transfer. This means it’s hard
to store in the IS. An example is when the farmer, despite contradicting forecasts, knows it is
going to rain, based on a view at the sky. Also gut feeling can be seen as this type of
knowledge. (Piccoli 2008)
Because of the tacit knowledge involved in farming (Sorensen, Pesonen et al. 2010),
interaction with the system is very important. A farmer should always be able to change the
plans proposed by the system, based on his experience.
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3.3 Available systems
Several software systems are already available to farmers. In this section three examples are
presented briefly.
Imhotep is a farm management system used at a large arable farm in the south of the
Netherlands, the Koninklijke Maatschap de Wilhelminapolder 13 (KMWP). The system
registers process data and keeps track of which resources are used where, when and in what
quantities. Imhotep uses a database in which all fields, machinery, workers and crops are
defined. Also inventory control and labor planning is integrated in the system. The system
automatically checks entered data for failures and compliance with regulations.
Dacom (Hadders 2009) combines sensor technology and internet technology to give farmers
the opportunity to continuously monitor their crops. If undesirable conditions are detected a
fast response to reduce the impact of these conditions can be given. The Dacom system aims
to improve pest control, irrigation and fertilization.
Dacom uses weather stations as the main source of information. The collected weather
information is used to predict the need to spray. The system warns the farmer if the outbreak
of a certain disease is likely based on the weather conditions. If so, the farmer can check the
fields more frequent and decide whether it is necessary to spray. Weather conditions also play
an important role in the development of an insect plague.
A third available system is Agrovision14. This system contains several software applications
to support management and registration of farm processes. In the crop production cycle, for
example, the system provides a registration tool to support the farmer in meeting the
requirements set by its business partners. Furthermore, the system is able to provide the
farmer with advice concerning different farm processes, like spraying and fertilizing.
During this project no software systems were found that support all processes on a farm.
Some systems for example focus on administrative tasks but the connection to systems
supporting the execution of processes is not present. Before these overall systems can be
developed we need the insight in what a farmer actually does. Therefore the business process
models in chapter 4 are developed.

3.4 Precision Agriculture
In general it is seen as a good practice to reduce pesticide use as much as possible. Precision
agriculture can contribute to this, reducing the involved risks and improving the sustainability
of the sector. The improved sustainability will satisfy consumers and retailers, as long as the
risk of pests stays within an acceptable range. Besides that, reduction of pesticide use will also
reduce the costs of the farmer and is also favorable in that sense.

13
14

www.kmwp.nl
www.agrovision.nl
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Precision agriculture relates to the site-specific control of weeds, diseases and plagues (i.e.
pests) according to local needs (Kempenaar, van der Weide et al. 2009) or to agricultural
techniques that increase the number of (correct) decisions per unit area of land per unit of
time (Sorensen, Pesonen et al. 2010), (McBratney, Whelan et al. 2005). This means that you
are not treating a field as a uniform entity, but you are observing and responding to
differences within a field.15 An example of this in spraying is to use image processing, to
determine the location of the weeds. In this way you don’t have to spray the whole field, but
you can only spray the weeds themselves. If you are spraying against fungus, image
processing will probably be less suitable.
Precision agriculture can be implemented at different precision levels or scales. Figure 5
shows the different scales that can be distinguished. In the current situation most farmers use
the fourth level and treat the whole field equally. When you move to a higher level, the
treatment of pests gets more precise. At the first level the exact location of individual plants is
known and each plant is treated according to its own needs. This level has the highest
potential for economic and environmental savings (Christensen, Sogaard et al. 2009).

Figure 5: The spatial resolution of weed control in a field
(Christensen, Sogaard et al. 2009)

For any of the precision levels described above the first thing is to detect pests. A detection
system should (preferably automatic) detect where pests are present on the field. Camera
systems supported by vision processing software can generate information about the location
and the intensity of pests present at a field. Other useful measuring equipment includes
biomass sensors, crop row recognition or ultrasonic sensors.
The second step is to transfer the information generated by the detection equipment into a
pesticide application advice. This information should be in line with the level of detail chosen.
Validated decision rules should point out if and to what extent a pesticide needs to be applied.
A FMS can be a valuable tool to develop the maps for site-specific application of pesticides.
15

http://en.wikipedia.org/wiki/Precision_agriculture
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A good example is a map showing the dosage of a potato haulm killing pesticide based on the
measured biomass density on a field. (Kempenaar, van der Weide et al. 2009)
Finally, the application maps have to be transferred to the actual application of the pesticide
on the field. The machinery needed for this depends again on the chosen level of precision. At
level 3 or 4, section or individual nozzle control on a spraying boom might be sufficient.
Higher levels of precision, however, need new spraying technologies which enable the
application of pesticides to singular plants. Also other, non-chemical, methods of pest control
are discussed in literature, like highly accurate weeding implements or laser devices to cut the
weeds (Christensen, Sogaard et al. 2009), (Kempenaar, van der Weide et al. 2009).
The farmer takes the decision to apply precision agriculture at the strategic planning level. For
every precision level, this decision comes with the need to process a lot of data. Of course
more data will be involved at a level with higher precisions. To manage these data the farmer
needs the support of a FMS, which needs corresponding decision rules. The lack of validated
decision rules for the application of pesticides is the main reason why precision agriculture is
not widely used at the moment (McBratney, Whelan et al. 2005; Christensen, Sogaard et al.
2009; Kempenaar, van der Weide et al. 2009).
Summarizing we can state that the sustainability of crop production can be improved if a
precision agriculture strategy is adopted by farmers. To promote this strategy first validated
decision rules and a system that can implement those needs to be developed. To develop the
decision rules a precise and realistic description of the involved processes is helpful.

3.5 Business Process Modeling
(White 2004), (Weske 2007)
We use the concept of business process modeling to represent and analyze the spraying
processes. This method helps to get insight in how activities at farm level are performed by
the farmer. Knowing precisely which information is used by which process enables the
development of data standards. The goal of business process modeling and the notation used
to represent the models are clarified in this section.

3.5.1 Goal
The main purpose of business process modeling is to analyze and improve the operations of a
company by organizing the business processes, performed by the company, and understanding
how they relate to each other. A business process is a “collection of activities that takes one or
more kinds of input and creates an output that is of value to the customer” (Hammer and
Champy 1993).
The business processes are translated into business process models, using business process
modeling notation (BPMN, chapter 3.5.2). A business process model (BPM) is a blueprint for
a set of business process instances and visualizes a business process. A business process
instance is a concrete case of a business process. Because of the notation used, BPM’s are
understandable to users from different disciplines. Together with the visualization this results
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in an efficient and effective communication about business processes between all involved
parties.
This is also relevant for the farming industry. During the development of the models it is
important that on the one hand farmers can verify that a business process reflects reality (i.e.
describes the way he actually performs the work) and that on the other side an IT person is
able to understand the business process to implement it in the software. The implicit definition
of business processes also improves the communication between managers and workers at
large farms.
As stated in the introductory chapter, farmers want an IS to be able to meet changing demands
(Kruize 2009). This flexibility is also supported by BPM, since it is much easier to adapt
graphically specified business processes than it is to adapt written organizational procedures.
When organizational procedures aren’t written down at all it is even harder to change them.
This is generally the case in farming, where planning and execution is often performed by one
person (the farmer) and remains very much implicit and internal. As a result of the unique
experience (and familiarity) of a farmer, decisions are based on intuition instead of using
formalized tools (Sorensen, Pesonen et al. 2010).

3.5.2 Business Process Modeling Notation (BPMN)
BPMN is developed under the coordination of the Object Management Group16 to create a
simple way of representing BPM’s, while at the same time being able to handle the
complexity inherent to business processes. The main advantage of BPMN is that it is
understandable for different users in a company, from the people who draw the initial drafts
of a business process, to the technical staff, implementing the technology, and finally to the
managers who are responsible for the monitoring of the processes. BPMN uses flow objects,
artifacts, swimlanes and connecting objects to define a business process. Those elements are
explained in this section. An overview of the elements is shown in Figure 6.
The flow objects are the main elements of BPMN. They include events, activities and
gateways. Events are relevant things that ‘happen’ to the company in the real world. An
example of an event could be the sprouting of a certain crop. Business processes can have
start, intermediate and end events. An event can be triggered (initialized) by its parent
process, a message, a timer or a rule (e.g. start if DayOfYear = 120). Also the end of one
process may trigger the next process to start.
Work performed during a business process is represented by activities in BPMN. An activity
can be a process, a sub process (part of a process) or a task. A task is a specific type of
activity of which the internal structure is not relevant for the modeling. It is also called an
atomic activity.

16
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Gateways can be used to let the sequence of activities split or join. They allow certain
activities to be executed at the same time, or force different activities to be finished before the
next one can start.
The meaning of the main elements can be clarified with attributes. For most of them there are
no fixed graphical representations. It can be, for example, a ‘+’ or an ‘X’ sign placed in a
gateway, to represent an ‘and’ or an ‘or’ joint or split. However, they only clarify the model to
humans. The technical implementation of the attributes needs to be done by IT-staff.
Artifacts give information about the business process that is not directly relevant for the
execution of the process. Artifacts can be, for example, data objects (paper/electronic
documents, other information), groups (of related elements) or annotations. They are only
used for information purposes, again to clarify the BPM.
Swimlanes organize activities visually. Like attributes, swimlanes are only used to make the
model better understandable visually. Two types of swimlane objects are present in BPMN:
pools and lanes. A pool represents a certain company or a certain role (or department) within
a company. Lanes are used to organize and categorize activities within a pool.
To show the connection of different elements within a BPM different connecting objects are
used. The sequence flow shows the sequence of the activities in a process and is depicted by a
solid arrow. Sequence flows can’t cross pool borders, so one process is always performed by
one company (or department). Communication between processes of different companies (i.e.
two pools) is represented by message flows. Message flows are depicted by dashed arrows.
Finally, associations (dashed line) connect artifacts to elements.

Figure 6: The elements of BPMN
(Weske 2007)

18 | P a g e

3.5.3 Business process lifecycle
In Figure 7 the business process lifecycle is described. The cycle starts with the design and
analysis phase. This phase is followed by the configuration, enactment and evaluation phase
respectively.

Figure 7: Business process lifecycle
(Weske 2007)

It is important to be aware of the business process lifecycle during the development of a new
business process management system. Ready-to-use systems on an easily accessible platform
probably pass the configuration phase quite fast, enlarging the adopting possibilities for small
scale farms. Larger farms, where more resources (money, labor) are available, may choose for
a special purpose system which is completely configured to their own wishes.
For this project we will stick to the design phase only. During the design phase the relevant
business processes are identified and modeled.

3.6 Conclusion
This chapter presented several methods to improve spraying processes on a farm. It became
clear that to improve the current systems and enable the implementation of other methods the
current spraying methods a farmer uses need to be detailed. BPMN is a tool to represent and
visualize business processes. This tool is used to model the processes identified in section 2.2.
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4 Business process models
In this chapter the developed business process models are explained. The purpose of these
models is to obtain insight in how farmers execute spraying processes and what information is
used during execution. This knowledge can be used in the design of the FMS. Besides that,
the graphical representation of the processes simplifies discussion about possible
improvements of the processes. As stated in Chapter 3.5, BPMN is used as a modeling tool.
The models are divided into processes that involve strategic, tactical and operational planning
like presented in chapter 2.2. At this moment only the happy paths17 are modeled. This is the
default scenario without exceptional or error conditions. Some remarks about this are placed
in Chapter 6.

4.1 Strategic spraying processes
Two strategic processes identified for spraying are (1) to determine the overall farming
strategy (traditional or organic) and (2) to determine the application method. Both of these
processes involve long-term considerations of the farmer. The strategic spraying processes
can be summarized in a BPM as shown in Figure 8. The detailed execution of these processes
cannot be caught in a BPM, since this varies depending on the nature of the farmer.

Figure 8: BPM – Strategic spraying processes

As we focus on processes about spraying pesticides on agricultural fields we can assume that
the farming strategy is traditional. Whether a farmer applies precision agriculture depends on
his own beliefs and the development of the available tools to support him. The BPM
presented in the next sections are developed in a general way, so that they are valid for both
application methods, with and without precision agriculture.
If the whole crop production cycle is considered another important process is to develop the
crop rotation plan for the next three to five years. This plan is needed to develop the yearly
17
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crop protection plan per crop on the tactical level. Important considerations in this process are
the location and the characteristics of the fields, expectations of the market development
(buying and selling prices), historical information and crop rotation rules, see Figure 9.

Figure 9: BPM – Develop crop rotation plan

In the BPM the field characteristics and the market research can be performed simultaneously.
When the field characteristics are known these can be combined with crop rotation rules and
historic information to develop all possible crop options. All gathered information is than
combined to develop the crop rotation plan. If an update of this plan is needed the process can
be ran again.

4.2 Tactical spraying processes
On the tactical level each year a spraying plan per crop is developed, see Figure 10. If an
unexpected condition occurs (e.g. unfavorable weather conditions, unexpected pests) the
spraying plan needs to be updated.
The process is triggered every year by the farmer when the yearly spraying plan needs to be
developed. For each crop the farmer can see on which field it is going to be produced and he
can determine which pests to expect during the season. For each pest the optimal pesticide
and spraying characteristics (dosage, repetitions, etc.) can be found. When the draft crop
protection plan is developed this is tested against governmental and other restrictions. If the
plan is feasible the process is ended.
If there is a problem detected during execution of a task or an unexpected pest occurs a
message is received. This message can also trigger the process and update the planning.
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Figure 10: BPM – Develop spraying plan per field
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4.3 Operational spraying processes
On the operational level the task files are created, as stated in chapter 2.2.3. For monitoring
tasks the process is quite straightforward. The information about the monitoring task is read
from the file and the required observations are done, manually or by an automated monitoring
device.
For the actual field work the process is more relevant and therefore the task ‘spray field’ is
modeled, see Figure 11. The model for the spray field task first checks whether there is a
warning from the system to make sure there are no legal problems with the spraying task. If
that is okay, the different environmental conditions are checked. If one of the conditions is not
optimal, the farmer decides if he wants to wait. When the process continues the farmer has to
check the package for any additional restrictions that are not (yet) in the database, to make
sure nothing is forgotten. If all restrictions are met he can apply the pesticide. During
application the system should store data about the process, i.e. dosages, location, machinery
used, time of application, etc. The stored data is available for analysis to improve the spraying
processes in future, or to report to requesting business partners.
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Figure 11: BPM – Spray field
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5 Conclusion
In the introductory chapter of this thesis we presented 3 research questions:
1) What are the business processes involved in the planning, execution and registration of
the spraying of agricultural fields?
a) What processes must be executed?
b) What technologies are available to support these business processes?
c) What strategies can be adopted for planning the activities at point a)?
d) What external conditions can influence the planned activities?
2) What software systems support the processes identified from the first research question?
3) Is BPMN a suitable modeling strategy for modeling the business processes?
The first research question is answered in chapter 2. The spraying of agricultural fields is
often a fast and cheap implementation of the primary farm process crop protection. Farmers
need to keep a precise administration of the pesticides used. This starts with a careful
planning of the spraying tasks executed during a year in the crop protection plan. The
execution step involves monitoring and actual spraying. To ensure a correct pesticide
administration all executed tasks need to be registered, including for example time of
application, dosage used, machinery used, etc. External influences like weather conditions and
legal restrictions can affect the processes.
In sections 3.2 and 3.3 the concept of a farm management system is introduced and some
examples of available systems are given. This answers the second research question. To
utilize all opportunities of a farm management system it is important to develop data
standards for the communication between the different modules of the FMS. This provides
farmers with the possibility of implementing the modules of their own choice and altering
them whenever they like. The system integrates information from different farm processes
and makes it available to business partners, providing chain transparency.
Developing the data standards requires a precise description of which information is used in
which process. Business process models (described in BPMN) provide this insight. BPMN is
able to handle the complexity related to business processes and still represents them such that
they are understandable to all business partners. This makes the analysis of and
communication about these processes less complicated. Therefore, as an answer to the third
research question, we conclude that BPMN is a suitable modeling strategy.
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6 Discussion & Recommendations
This section is meant to give some remarks about the developed models and provide
recommendations to improve them. It is discussed whether the models are complete, correct
and useful.
According to (Ould 1995) there is always more detail if one wants to look for it. The
completeness of a model depends on the scope of the project and the budget available
(Matocha 2008). For this thesis it is therefore easy to say that the models are complete, based
on the limited scope and the analogy of the available budget with the available time.
However, at this moment the models reflect only happy path scenarios, without exceptions.
Because of this, not all information needs are completely clear yet. A good example that
needs to be detailed in the models is to check the safety period before harvesting, if spraying
is delayed for some reason. So, when we aim at the development of a complete FMS the
models are not complete yet.
The correctness of the models depends on how well they reflect reality. If the models are not
correct, data standards and software systems based on them will probably not perform well
and farmers will not adopt those systems. Therefore it is crucial to validate the models after
they have been refined. The models presented in this thesis are not validated yet, due to lack
of time. However, based on experience and talking to farmers we can state that the basis of
the models is correct and can be used to continue modeling.
After the design and analysis of the business processes the business process lifecycle can be
continued. When aiming at the definition of data standards of course also the other farm
processes need attention. If all farm processes are analyzed and the business process models
are completed they are useful in defining the data standards needed for the design of the
overall farm management system.
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Appendix A: Definition plant protection product and biocide
The CTGB divides pesticides in plant protection products and biocides. They are formally
defined as follows18:




18

A plant protection product is a chemical or biological product based on an active
substance to be used to:
a. protect plants or plant products against harmful organisms;
b. affect life processes of plants insofar as they are not fertilizers as defined in the
Meststoffenwet (Fertilizer Act);
c. preserve plant products;
d. kill unwanted plants, or
e. destroy parts of plants, or inhibit or prevent unwanted growth of plants.
A biocide is a chemical or biological product based on an active substance to be used
to:
a. destroy, repel or render harmless a harmful organism;
b. prevent the effects of harmful organisms, or
c. control such an organism in a different chemical or biological way.

http://www.ctb.agro.nl/portal/page?_pageid=33,91986&_dad=portal&_schema=PORTAL
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Appendix B: Summary interview on restrictions
This appendix presents a summary of an interview with a pesticide supplier and advisor. The
obtained information is used to obtain insight in legal restrictions about pesticide use.
“The Maximum Residue Level (MRL) is an EU-based restriction aimed at public health. It
determines the maximum amount of a pesticide allowed on food products. Sometimes
national governments set the MRL even stricter. Also retailers tend to do this, from a
competitive point of view. The MRL is translated into the legal user instructions by safety
periods (between application and harvest).
All other restrictions are defined in the legal user instructions written by the CTGB. Both the
legal user instructions and the application instructions are nowadays presented at the label of
the pesticide. About the application instructions some debates are going on, since formerly
only the legal user instructions were binding. At the moment both instructions must be
observed, but you are allowed to adjust the dosages to a lower value.
The limit of 10 kg pesticide per ha per year is a limit which is sometimes set by the retailers,
again for competitive reasons. The Dutch government does not limit the use of pesticide per
ha per year.
Legally a farmer has to register the used pesticides on his company. The Food and Consumer
Safety Authority supervises this. Retailers may again require more registration data to comply
with initiatives as Eurep/GlobalGAP.”
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Appendix C: Example legal user instructions – Corbel
http://www.ctb.agro.nl
WGGA bij het besluit Ctgb lijst gewasbeschermingsmiddelen en biociden 2007
Corbel, 8158 N
A.
WETTELIJK GEBRUIKSVOORSCHRIFT
Toegestaan is uitsluitend het gebruik als schimmelbestrijdingsmiddel

a) in de teelt van tarwe, rogge, gerst en haver;
b) in de teelt van graszaad, met dien verstande dat percelen niet binnen 4 weken na behandeling
mogen worden beweid en dat binnen 4 weken na behandeling gemaaid gras niet mag worden
vervoederd;
c) in de teelt van prei;
d) In de teelt van Hypericum, duizendschoon en stokrozen.

Om in het water levende organismen te beschermen is de toepassing op percelen die grenzen
aan oppervlaktewater uitsluitend toegestaan indien gebruik gemaakt wordt van 90%
driftreducerende doppen.
Het middel is gevaarlijk voor niet-doelwit anthropoden. Vermijd onnodige blootstelling.
Het middel is uitsluitend bestemd voor beroepsmatig gebruik.
Veiligheidstermijn
De termijn tussen de laatste toepassing en de oogst mag niet korter zijn dan:
6 weken voor tarwe, rogge, gerst en haver.
3 weken voor prei
B.
GEBRUIKSAANWIJZING
Het gebruik in de teelt van Hypericum, duizendschoon en stokrozen is op basis van een
“derdenuitbreiding”. Deze “derdenuitbreiding” is aangevraagd door de Stichting Trustee Bijzondere
Toelatingen. Er is voor deze uitbreiding geen werkzaamheids- en fytotoxiciteitonderzoek uitgevoerd.
Het wordt daarom aangeraden een proefbespuiting uit te voeren, voordat het middel gebruikt wordt.

Toepassingen
Tarwe, ter bestrijding van gele roest
Een behandeling uitvoeren zodra de eerste gele roesthaarden in het perceel worden waargenomen.
Gewoonlijk zal dit het geval zijn rond stadium 7-9 van de Feekesschaal.
Bij een vroege aantasting (rond stadium 5-6 van de Feekesschaal) en bij voor gele roest zeer vatbare
rassen, verdient het, afhankelijk van de ontwikkeling van de roest, aanbeveling om na enkele weken de
bespuiting te herhalen. In het algemeen is een bespuiting tegen gele roest na stadium 10 van de
Feekesschaal weinig zinvol.
Dosering: 1 liter per ha.
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Tarwe en rogge, ter bestrijding van bruine roest
Bij een aantasting vanaf het verschijnen van het vlagblad tot aan de bloei van het gewas een bespuiting
uitvoeren zodra op de bladeren bruine roest voorkomt. Toepassing van het middel in tarwe bij begin
bloei ter bestrijding van andere blad- en aarziekten geeft tevens bescherming tegen bruine roest
infectie.
Dosering: 1 liter per ha.
Gerst, ter bestrijding van gele roest
Wanneer tussen de uitstoeling en het in aar komen gele roest optreedt, dient een behandeling te
worden uitgevoerd. Wanneer na een vroege aantasting de ziekte opnieuw optreedt, dient de bespuiting
te worden herhaald.
Dosering: 1 liter per ha.
Tarwe, gerst en haver, ter bestrijding van meeldauw
Een bespuiting uitvoeren zodra tijdens het schieten van het gewas op het derde blad van boven
meeldauw wordt waargenomen.
Dosering: 1 liter per ha.
Tarwe, ter bestrijding van blad- en aarziekten (zgn. afrijpingsziekten)
Voor de bestrijding van meeldauw op blad en aar, van bruine roest en Septoria op het blad een
éénmalige behandeling uitvoeren in de periode vanaf het in de aar komen van het gewas tot begin
bloei.
Dosering: 1 liter per ha. Het verdient aanbeveling een daartoe geëigend middel toe te voegen.
Graszaadgewassen, ter bestrijding van meeldauw
In het najaar (± september/oktober) een behandeling uitvoeren indien ongeveer 30% van het tweede en
derde blad van de spruiten door meeldauw is aangetast. Als in het voorjaar meeldauw op de jongste
bladeren voorkomt, een behandeling uitvoeren.
Dosering: 1 liter per ha.
Prei, ter bestrijding van roest
Een behandeling uitvoeren zodra aantasting wordt waargenomen. De behandeling indien nodig
herhalen.
Dosering: 1 liter per ha.
Hypericum, ter bestrijding van roest. Bij een handmatige spuittoepassing maximaal 0,45 hectare per
dag toepassen. Een behandeling uitvoeren zodra aantasting wordt waargenomen. De behandeling
indien nodig herhalen en niet later toepassen dan half juni.
Dosering: 1 liter per ha.
Duizendschoon en stokroos, ter bestrijding van roest. Bij een handmatige spuittoepassing maximaal
0,45 hectare per dag toepassen. Een behandeling uitvoeren zodra aantasting wordt waargenomen.
Dosering: 1 liter per ha.
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