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Helping farmers face the increasing complexity of decision-making
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Summary. The European Community Directive 128/2009 on the Sustainable Use of Pesticides establishes a strat-
egy for the use of plant protection products (PPPs) in the European Community so as to reduce risks to human
health and the environment. Integrated Pest Management (IPM) is a key component of this strategy, which will
become mandatory in 2014. IPM is based on dynamic processes and requires decision-making at strategic, tactical,
and operational levels. Relative to decision makers in conventional agricultural systems, decision makers in IPM
systems require more knowledge and must deal with greater complexity. Different tools have been developed for
supporting decision-making in plant disease control and include warning services, on-site devices, and decision
support systems (DSSs). These decision-support tools operate at different spatial and time scales, are provided to
users both by public and private sources, focus on different communication modes, and can support multiple op-
tions for delivering information to farmers. Characteristics, weaknesses, and strengths of these tools are described
in this review. Also described are recently developed DSSs, which are characterised by: i) holistic treatment of crop
management problems (including pests, diseases, fertilisation, canopy management and irrigation); ii) conversion
of complex decision processes into simple and easy-to-understand ‘decision supports’; iii) easy and rapid access
through the Internet; and iv) two-way communication between users and providers that make it possible to con-
sider context-specific information. These DSSs are easy-to-use tools that perform complex tasks efficiently and
effectively. The delivery of these DSSs via the Internet increases user accessibility, allows the DSSs to be updated
easily and continuously (so that new knowledge can be rapidly and efficiently provided to farmers), and allows
users to maintain close contact with providers.
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Introduction

An important goal in modern agricultural crop
production is to develop less intensive and inte-
grated farming systems with reduced inputs of fer-
tilizers and pesticides and reduced use of natural re-
sources (water, soil, energy). The main objectives of
these systems are to maintain crop production both
in quantitative and qualitative terms, maintain or
preferably improve farm income, and reduce nega-

Corresponding author: V. Rossi
Fax: + 39 0523 599256
E-mail: vittorio.rossi@unicatt.it

www.fupress.com/pm
© Firenze University Press

ISSN (print):

tive environmental impacts as much as possible.
Achieving all of these objectives is a prerequisite for
sustainable agriculture (Geng et al., 1990; Jordan and
Hutcheon, 1996).

Integrated Crop Management (ICM) or Integrat-
ed Production (IP) (Boller et al., 2004) and Integrated
Farming (IF) (EISA, 2001) have been developed as
holistic concepts that involve all crop and farming
activities and that shape these activities according
to the individual site and farm. These concepts have
their roots in Integrated Pest Management (IPM)
(Figure 1). In the middle of the last century, the ap-
pearance of broad-spectrum pesticides marked a
new era of intensified agricultural production. These
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Figure 1. Integrated Pest Management (IPM) focuses on
pest, disease, and weed management; IPM is part of Inte-
grated Crop Management, which addresses all crop culti-
vation problems (including soil management, fertilization,
irrigation), and of Integrated Farm Management, which fo-
cuses on the entire farm management cycle (including ani-
mal welfare, energy procurement, landscape management).

chemicals were powerful tools, and for a short pe-
riod growers had the illusion that production could
be easily increased by intensive application of chem-
icals that efficiently controlled pests. The disruption
of the agro-ecosystems caused by massive applica-
tions of pesticides rapidly became apparent: new
pests became dominant once their natural enemies
were eliminated, and many resistance problems de-
veloped. To address these problems, growers intensi-
fied their use of pesticides, which increased produc-
tion costs and increased the risk of pesticide residues
on crops. Considerable efforts were also being un-
dertaken by the scientific community to study pests
and their antagonists, and to develop techniques for
estimating arthropod numbers. It was at this time
that the movement towards biological control was
initiated (Baggiolini, 1990). An important milestone
in this process was the foundation of the Interna-
tional Organization for Biological Control (IOBC) in
1956. The IOBC was responsible for coining the term
Integrated Control (in 1959) and for founding the
first working group for integrated control.

In the late 1970’s, the concept of IPM was enlarged
to include the management of the agro-ecosystem.
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This was an important step forward because IPM
was initially limited to pest control. In viticulture, the
beginning of this new era was marked by the publica-
tion of “An approach towards integrated agricultural
production through integrated plant protection” in
1977 (IOBC/WPRS, 1977). In 1993, IOBC published IP
definitions and general objectives, valid for all crops
(El Titi et al., 1993) which were then supplemented
with guidelines for specific crops. For instance, the
first edition of the guidelines for viticulture were
published in 1996 (Schmid, 1996) and were revised
in 1999 (Malavolta and Boller, 1999). In these guide-
lines, IP is defined as the economical production of
high quality grapes, with priority given to using eco-
logically safer methods so as to minimise the unde-
sirable side effects of agrochemicals and to enhance
the protection of the environment and human health.
Based on this short definition, IP of grapes attempts
to: i) promote agricultural systems that respect the
environment, that are economically viable, and that
sustain the multiple social, cultural, and recreational
functions of agriculture; ii) secure sustainable pro-
duction of healthful, high quality food with a mini-
mum of chemical residues; iii) protect the health of
farmers while they handle Plant Protection Products
(PPPs); iv) promote and maintain high biological di-
versity in crop ecosystems and surrounding areas; v)
give priority to the use of natural regulating mecha-
nisms; vi) preserve and promote long-term soil fertil-
ity; and vii) minimise pollution of water, soil, and air.
The Thematic Strategy on the Sustainable Use of
Pesticides adopted in 2006 by the European Commis-
sion established minimum rules for the use of pes-
ticides in the European Community so as to reduce
risks to human health and the environment. A key
component of this Strategy is the implementation of
IPM, which will become mandatory in 2014. As stat-
ed by the Directive on the Sustainable Use of Pesti-
cides (Art. 3): “ “integrated pest management’ means
careful consideration of all available plant protection
methods and subsequent integration of appropriate
measures that discourage the development of pop-
ulations of harmful organisms and keep the use of
plant protection products and other forms of inter-
vention to levels that are economically and ecologi-
cally justified and reduce or minimise risks to human
health and the environment. ‘Integrated pest man-
agement’ emphasises the growth of a healthy crop
with the least possible disruption to agro-ecosystems
and encourages natural pest control mechanisms”.



A framework for IPM

In IPM, eight general principles are currently
identified in Annex III of Directive 128/2009, even
though nearly 30 elements — in addition to these
eight principles — were previously mentioned in
IPM material (European Commission, 2009a). A logi-
cal framework integrating these eight principles is
shown in Figure 2. The core of this framework is the
decision-making process. The first decisions concern
the selection of measures for prevention and / or sup-
pression of harmful organisms. The focus is on cul-
tural practices aimed at maintaining crop health by
using crop rotation, adequate cultivation techniques,
and hygiene measures and by selecting varieties
that are resistant to or tolerant of pests. A package of
measures for growing healthy crops consists of site
and crop selection, seed-bed sanitation, and atten-
tion to soil, nutrient, and water management.
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Decision-making in crop protection

A second type of decision concerns whether and
when plant protection actions are required. The deci-
sion maker obtains the necessary information based
on: his/her continuous monitoring of harmful or-
ganisms in the field; scientifically sound warning,
forecasting, and early diagnosis systems; and the ad-
vice of qualified advisors.

When the decision is made to protect the crop,
a third type of decision concerns the control meas-
ures to be adopted: if they provide satisfactory pest
control, sustainable biological, physical, and other
non-chemical methods must be preferred to chemi-
cal methods. If PPPs are used: i) they should be as
specific as possible for the target organism and
should have minimal side effects on human health,
non-target organisms, and the environment; ii) they
should be applied at the lowest levels that are neces-
sary, e.g., by using reduced doses, reduced applica-
tion frequency, or partial applications or by selecting

Operational
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Figure 2. Framework for the implementation of IPM, based on the EU Directive on Sustainable Use of Pesticides (modified
from European Commission, 2009b). The core of the framework is the decision-making process, which involves four kinds
of decisions: I) strategic decisions about measures for prevention and/or suppression of harmful organisms; II) tactical
decisions on whether and when to apply plant protection actions during the cropping season, based on continuous moni-
toring of the crop and decision-support tools; III) tactical decisions on which control measures to be adopted based on
established application rules; IV) operational decisions about sound implementation of the control measures to be applied.
The final step is to check the success of the decisions by evaluating their effectiveness and benefits.
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PPPs that do not increase the risk for development of
resistance in populations of harmful organisms; iii)
available anti-resistance strategies should be applied
to maintain the effectiveness of the products if the
risk of resistance against a PPP is known and where
the level of harmful organisms requires repeated ap-
plication of PPPs (this may include the use of mul-
tiple products with different modes of action). Both
alternative methods and PPPs should be accurately
prepared and distributed to maximize effectiveness
in controlling the target organisms and, for PPPs, to
avoid both diffuse and point-source pollution.
Sound implementation of the disease manage-
ment actions requires a fourth type of decision, which
is made at the operational level. At the operational
level, the employees who perform the management
actions must select among many details concerning
those actions. These include, for instance, regula-
tion of the sprayer, operational speed of sprayer, and
cleaning and maintaining the sprayer after use.

Finally, farmers and others must decide whether
the previous decisions were successful, an assess-
ment that should be based on documented evidence
concerning the effectiveness and benefit of the plant
protection measures that were applied. This assess-
ment is important for learning from experiences and
for guiding all subsequent interventions.

The decision-making process in IPM

IPM is based on dynamic processes and requires
careful and detailed organisation and management
of farm activities at strategic, tactical, and operation-
al levels (Conway, 1984). Strategic, tactical, and oper-
ational disease management problems differ in tem-
poral and spatial scale (Rabbinge et al., 1993). Stra-
tegic decisions involve one to several years both at
the farm level (e.g, crop rotation) and the crop level
(e.g., the variety sown) (Figure 3); these decisions are
usually made by farm owners or directors (Figure
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Figure 3. Spatio-temporal characterization of decision problems in crop protection (modified from Rabbinge et al., 1993).
Strategic decisions involve one to several years both at farming and crop levels. Tactical management decisions are made
day-by-day, or within a day, in response to what is happening at the crop level. Operational decisions involve quick re-
sponse to unpredicted events at the crop or within-crop levels.
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4). Tactical management decisions are made by crop
managers day by day, or within a day, in response to
what is happening at the crop level (e.g., a disease
outbreak that requires control actions). Operational
decisions involve a fast response to unpredicted
events at the crop level or within the crop level (e.g.,
the decision to postpone a PPP application because
of wind) and are mainly made by the employees
who implement crop protection measures.

The IPM framework in Figure 2 will work only if
all the decision makers (owners, directors, employ-
ees) are in a position to select the most appropriate
measures and to ensure that plant protection will be
done following the IPM principles and with consid-
eration of all possible interactions and consequences
of any intervention. The aim should be to apply a
system that maximises the chance of economic man-
agement of harmful organisms with the lowest risk
to the user, the environment, and the public. In this
context, much more knowledge is required to make
decisions and the decisions are more complex with
IPM than with conventional agriculture (Figure 5).
In the late 1970s, farmers had to answer only two
main questions in making crop protection decisions:
which type of control measures to adopt and when/
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how frequently to implement the measures. The an-
swers to these questions mostly depended on: i) the
farmer’s objectives, ii) his/her perception of past at-
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Figure 4. Strategic decisions are usually made by farm
owners or directors; tactical management decisions are
made by crop managers while operational decisions are
mainly made by the employees responsible for the prac-
tical implementation of crop protection measures. There-
fore, the IPM framework of Figure 2 will work only if all
the decision makers (owners, directors, employees) are
in positions to decide on the most appropriate measures
(modified from Bowett, 2012).
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Figure 5. Implementation of IPM requires more knowledge and involves greater complexity than implementation of con-

ventional agricultural systems.
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tack and damage, iii) the control measures available,
and iv) the decision rules by which he/she operated
(Norton, 1976).

Compared to decision-making processes in other
economic activities, decision-making processes in
crop protection have received little attention (Eom
and Kim, 2006). A better understanding of the deci-
sion-making process is necessary given the increased
complexity of the decisions required in IPM. Deci-
sion-making is a mental process (a cognitive process)
resulting in the selection of an action among several
alternative solutions: every decision-making pro-
cess produces a final choice (March, 1994) (Figure
6). Decision-making starts with the identification of
a problem, which requires the collection of all rel-
evant information and data so that a critical analysis
of the problem is possible. This analysis leads to the
development of a set of available alternative courses
of actions that could be used to solve the problem;
only realistic solutions should be selected, and the
selection should take into account multiple criteria
(e.g., effectiveness, benefits, costs) and those con-
straints that will restrict that number of alternatives
(e.g., ease of implementation and technical or leg-
islative constraints). Alternatives should be ranked
in terms of how attractive they are to the decision
maker when all the criteria are considered simulta-
neously. Based on this analysis, the best solution is
selected, and the decision is converted into an action.
This phase of decision-making might be regarded as
a problem-solving activity that is terminated when a
satisfactory solution is reached. Thereafter, the deci-
sion maker has to take follow-up steps for the execu-
tion of the decision taken.

The process described above applies to four main
elements of decision-making: What? When? How?
and Who? Each of these elements presents further
options, resulting in multiple decision-making
mechanisms (Figure 7). Decision-making can be a
reasoning process, an information-based process, or
an intuitive process. Most decisions are made intui-
tively because it would take too much time to list the
advantages and disadvantages of each decision. Es-
pecially when decisions must be made quickly and
when the stakes are high or when the solutions are
uncertain, experts typically rely on intuitive deci-
sion-making rather than a structured approach, i.e.,
they immediately arrive at a course of action with-
out weighing alternatives. Decision-making can be
proactive (e.g., schedule a preventative fungicide
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Figure 6. The chain of the decision-making process.

spray) or forced by an event (e.g., an unexpected dis-
ease outbreak). Operational decisions are frequently
made in response to unforeseen events and are usu-
ally intuitive and made by individuals. Strategic de-
cisions are usually proactive, based on information,
and frequently involve more than one person (e.g.,
the farmer and a pool of experts).

Because the decision-making process in modern
agriculture has increased in complexity (McCown,
2002b), farmers must invest time in management,
business planning, identification of required skills,
and training to ensure that the correct crop man-
agement operations are selected. In IPM, time must
also be invested in data collection and detailed re-
cord keeping. In addition, decision makers must be
provided with adequate methods and tools as well
as threshold values to help them determine where,
when, and what kind of treatments are needed, and
they must be aware of the full set of up-to-date in-
formation for the specific crop, pest, or disease.
This means that they must have access to detailed
and factual information. Decision makers must also
know where to obtain expert advice, and they must
be willing to accept scientific and technical advances
that benefit the environment, food quality, and eco-
nomic performance, and that can be integrated into
the crop management as soon as they are determined
to be reliable (EISA, 2001).

It is clear that the IPM framework of Figure 2 will
work only if the decision makers are adequately sup-
ported. The Directive 128/2009 states that Member
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Figure 7. Diagram of the four key decision-making elements: What? When? How? Who? Different decision-making mecha-
nisms emerge based on the combinations of options around each of the four elements (modified from Bowett, 2012).

States shall establish or support the establishment of
necessary conditions for the implementation of IPM.
In particular, they shall ensure that professional users
have at their disposal the information and tools re-
quired for pest monitoring and decision-making and
that they also have access to IPM advisory services.
This paper aims to review the evolution of meth-
ods and tools used for helping farmers in decision-
making for crop protection, to provide a framework
for classification of these tools and to analyse their
weaknesses and strengths for practical application on
IPM. Review of currently available tools for specific
crops or diseases is not within the aims of this paper.

Tools for decision-making in IPM

Different tools have been developed for the sup-
port of decision-making in plant disease control, and
these can be grouped into three categories: i) warn-
ing services; ii) on-site devices; and iii) decision sup-
port systems (DSSs). These work at different spatial
and time scales, are provided to users both by public

and private agencies (Figure 8), and focus on differ-
ent communication modes. The simplest form of this
communication occurs when the provider uses the
decision support tool to communicate with a user
who acts only as a receiver. Such a one-way pattern
of communication is appropriate for well-bounded
and small problems (McCown, 2002a). Many prob-
lems, however, require different kinds of commu-
nication. Moore (2007) distinguished the following
communication modes: i) ‘information base’ mode,
which operates like a library in that the knowledge
to be communicated resides in documents rather
than in dynamic form (as in a model), and users se-
lect which messages they will access; ii) ‘constraint
management’ mode, which supports a two-way
communication process in that the provider com-
municates information about management prac-
tices to a user, and the user in turn uses the tool to
demonstrate that some externally imposed require-
ment has been met (this ‘external’ requirement may
be imposed, for instance, by regulations governing
environmental conservation and safety); iii) ‘con-
sultancy’ mode, in which the problem is defined by
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Figure 8. A comparison of spatial scales and delivery mechanisms for decision support tools (warning services, on-site
devices, and DSSs) for crop protection (modified from Magarey et al., 2002). DSSs = decision support systems.

the user and comprises context-specific information,
which the decision-support tool uses to provide the
user with information to consider; and iv) ‘learning’
mode, in which the tool (more properly described
as a ‘learning-support tool’) conveys understanding
about the problem to a user.

Decision-support tools use a variety of delivery
networks including word-of-mouth, newsletters,
recorded phone messages, facsimile (fax), electronic
mail (e-mail), short message services (SMSs), and
web sites. Delivery systems have been classified as
either “plug’, ‘push’, or “pull’ (Russo, 2000). Plug
systems provide information built into an on-site
device. Push and pull systems provide information
from a remote source: push systems deliver informa-
tion to the user, while pull systems require the user
to request the information.

Models are key components of any decision-sup-
port tool for plant disease control. Models are sim-
plified representations of reality (De Wit, 1993), and
plant disease models are simplifications of the rela-
tionships between pathogens, crops, and the envi-
ronment that cause epidemics to develop over time
and/or space. There are numerous kinds of models
and modelling approaches (Krause and Massie, 1975;
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Shrum, 1978; Zadoks, 1984; Fry and Fohner, 1985;
Campbell and Madden, 1990; Hardwick, 2006; De
Wolf and Isard, 2007; Rossi et al., 2010). Prediction of
a disease allows growers to respond in timely and ef-
ficient ways by adjusting crop management practices
(Krause and Massie, 1975; Zadoks, 1979; Rabbinge
et al., 1989; Maloy, 1993); a prediction of low disease
risk may result in reduced pesticide application with
positive economic and environmental effects. Most
reviews of plant disease prediction models show
that far more models have been developed than have
been applied (Krause and Massie, 1975; Butt and
Jeger, 1985). A recent study (De Wolf and Isard, 2007)
showed that the imbalance between the number of
models developed and deployed may be changing,
and also indicated that the research effort directed to-
ward evaluation and practical application of disease
prediction models is currently much greater than just
a few decades ago. Madden et al. (2007) developed the
concept of risk algorithm as “any calculation that uses
observations of identified risk factors from the host
crop, the pathogen population and the environment
to make an assessment of the need for crop protection
measures’. Plant disease models produce predictions
about epidemics or single epidemic components that



can be used as risk indicators. Such models also pro-
duce predictions about plant disease epidemics that
can be used for decision-making concerning plant
disease management in production fields at the dif-
ferent spatial scales.

Warning services

Warning services are usually offered to farmers
by extension services or other public agencies free of
charge or with payment of access fees. In most cases,
the agencies deliver general crop protection informa-
tion and advice: i) for a group of farmers and with-
out consideration of the peculiarities of each farm or
of specific environmental and crop conditions; ii) at
the regional scale (i.e., for homogeneous areas); and
iii) at fixed-time intervals (with daily to weekly up-
dates). In some cases, the warnings are based only
on pre-defined IPM guidelines but frequently the
warnings are based on model assessment of environ-
ment-driven risk (Rossi et al., 2000). Most warning
services use one-way communication; in some cases,
the ‘information base’ and ‘constrain mangement’
modes of dual communication are used. In warning
services, information is delivered with both push
and pull approaches. The media (local TV, radios,
and newspapers) are frequently used in push-type
systems; first warning systems developed at the end
of the 1980s largely used videotext, as was the case
in southern Ontario, Germany, Belgium, Ireland, the
Netherlands, and Switzerland (Pitblado, 1988; Car-
letti and Claustriaux, 1991; Dunne, 1991; Forrer et
al., 1991). Specific messages in answering machines
and non-interactive web sites are typical pull-type
systems. Information delivery has evolved over time
with the development of new information and com-
munication technologies (ICTs). For instance, in Nor-
way a bulletin board system was set up in the early
1990s, and this was followed some years later by a
voice board system called TELEVIS. The bulletin and
the voice board provided the results of the monitor-
ing of diseases and pests in small grain cerals to-
gether with the results of NORPRE (a model plat-
form for diseases and pests on barley and wheat),
the recorded weather data, and the weather forecast
(Magnus et al., 1991, 1993). In 1995, the system in
Norway was expanded with new models for cereals,
potato, fruit, and vegetables (Magnus, 1995). In 2001,
a new web-based warning system (VIPS) was devel-
oped, and VIPS provides warnings for several pests

Decision-making in crop protection

in fruit, vegetables, and cereals in Norway (Folkedal
and Brevig, 2003). Currently, the most common way
for delivering information to farmers is via non-in-
teractive web sites.

Some warning services combine collective and
individual warnings; they use ordinary mail, fax, e-
mail, or SMS technology for delivering generic infor-
mation to individual farmers (push approach). The
delivery of information to individual growers has
Changed over time due to new ICTs. For instance,
in the 1970s Italian sugarbeet growers received post
cards with the date when the first fungicide spray
against Cercospora leaf spot was necessary in their
particular beet-growing area, while SMS-based ad-
vice is currently available (Beta, 2011).

SMS technology is a promising solution for those
farmers who are still reluctant to use computers
and/or who need the information when they are
in the field and are far from a computer with an
Internet connection. Most farmers own mobile tel-
ephones that can send and receive SMSs. The SMS
technology can be used for various types of com-
munication, which include the following: i) infor-
mation (the message provides relevant information
without the expectation of user response or action);
i) notice (the message notifies the user that some in-
formation is available at his/her personal web page,
and the user decides whether it is convenient to ac-
cess it); iii) alarm (the message notifies that an event
has occurred to which the user must pay attention);
and iv) dialog (i.e., a sequence of related SMSs con-
sisting of requests and responses between the user
and provider) (Jensen and Thysen, 2003). Interest-
ingly, the SMS technology makes it possible to use
both push and pull approaches (Jensen and Thysen,
2003). Push-type messages can be sent regularly and
automatically, and users must specify what kind of
advice must be sent, how often, and under what cir-
cumstances. Pull-type messages are sent only when
users requests them by sending SMSs to particular
telephone numbers: a specific functionality of the
service finds the user and his geographical location
in a subscription database, extracts the relevant data,
generates the requested SMS message, and returns
the message to the user in a few minutes.

In this context, new generation smartphones and
tablets can be important tools for disseminating
information. Within the Integrated Pest and Crop
Management programs of the University of Wiscon-
sin (Madison, WI, USA), the ‘ipmToolkit’ (version
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Figure 9. Organization and information flow in the warning service of the Emilia-Romagna (North Italy) provided by the
regional plant protection organization (Servizio Fitosanitario). Weather data are used as input for pest and disease models
on a daily basis; fields are monitored for pests, diseases, and other aspects of production at weekly intervals. Experts and
advisors discuss the information, usually at weekly intervals, and provide guidelines and warnings to growers.

1.01 available at http:/ /itunes.apple.com/us/app/
ipm-toolkit/id504685615?mt=8) is released free of
charge, downloadable on smartphones and tablets,
and allows farmer to read news articles, view vid-
eos, download publications, and access pictures
which will aid them in adapting IPM practices to
their agricultural operations. Another informative
tool was developed by the Brazilian consortium for
management of soybean rust (Consércio Antiferru-
gem, Embrapa): it is a Google-based technology tool
for mapping both onset and intensity of soybean
rust across the country (Del Ponte et al., 2007) and
is made available for free to the growers through an
Apple based application for smartphones and tab-
lets (Pavan et al., 2011).
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Warning services are currently operating in sev-
eral European countries, with different organisation-
al schemes. Representative examples for Italy, Ger-
many, and Denmark are described in the following
paragraphs, and additional examples are discussed
by Nieveen and Bouma (2008).

In Italy, warning services are usually provided
by regional governments (Rossi et al., 2000). In the
Emilia-Romagna region, for example, the Plant
Protection Service manages an advisory service for
farmers; the “Forecasting and Advisory Service” fol-
lows IPM guidelines and involves collaboration with
advisors at the district level and with university sci-
entists (Bugiani et al., 1996) (Figure 9). Information
concerning weather conditions and forecasts, crop



growth and health, and risk for key pests and dis-
eases of the main crops is analysed by a panel of ex-
perts once a week based on weather data provided
by the agrometeorological service, scouting data col-
lected on a network of reference crops, and ouput
from mathematical models. A specific software was
developed for this purpose; it runs several models
on a daily basis over a grid of 5 x 5 km that covers
the agricultural area of the region. The panel of ex-
perts, composed of senior advisors from the districts
of the region, produces guidelines that are then used
for creating technical bulletins for IPM at the district
level; the panel of experts also receives input from
local advisors from local government and grower
associations (in 1995, 152 advisors were involved in
total; Schipani and Malavolta, 1995).

In Germany, the PASO-project began in 1993
and involved 13 Plant Protection Services from 11
Federal States (Kleinhenz et al., 1996). To ensure
the continuation of this service, a specific institu-
tion was founded in 1997 by administrative agree-
ment among the States and was named the Central
Institution for Decision Support Systems in Crop
Protection and Crop Production (German acronym
ZEPP) (Kleinhenz and Rossberg, 2000). The mission
of ZEPP is to develop, collect, and examine exist-
ing models for important pests and diseases and to
adapt these models for practical use. In recent years,
ZEPP has developed over 40 weather-based models;
these allow decision makers to estimate disease / pest
risks, to estimate the need for and the optimal tim-
ing of pesticide treatments, to determine the optimal
timing for field monitoring, and to recommend ap-
propriate pesticides (Racca ef al,. 2011). Model out-
puts are calculated based on more than 560 weather
stations. Every day, and by means of different media
(bulletins, letters, faxes, and telephone answering
machines), German farmers receive updated pre-
dictions covering the entire territory. In 2000, ZEPP
began to develop an Internet-based warning system
that integrates models, comprehensive up-to-date
monitoring in farmer fields, and specific advice from
extension officers; this warning system is accessible
via the Internet platform www.isip.de (Information
System for Integrated Plant Production) (R6hrig and
Sander, 2004).

In Denmark, the PlanteInfo web site (www.plant-
einfo.dk) provides information for farmers and ad-
visors. PlanteInfo was developed and is operated
within the Danish agricultural research community
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in close collaboration with the Danish Agricultural
Advisory Centre (DAAC) with funding from Dan-
ish agriculture; the weather data are supplied by the
Danish Meteorological Institute (Jensen et al., 2000;
Thysen, 2007). Information for plant protection is
obtained from three sources: i) local, up-to-the-hour
weather data and weather forecasts; ii) field ob-
servations by crop production advisers; and iii) an
interactive decision-support system, named Plant
Protection Online, which uses the indicated data
and covers weeds, diseases, and pests. Most of the
contents of Plantelnfo are delivered as personalized
web pages requiring login. DAAC operates a com-
prehensive system for the weekly monitoring of crop
diseases and pests in collaboration with local advi-
sory officers; the data are recorded by personal digi-
tal assistant (PDA) and are transferred electronically
to a database with indication of the locations of the
fields inspected. The information is then available
in Plantelnfo as a GIS application with expert rec-
ommendations by DAAC formulated according to
the current observations. The observed disease lev-
els are then combined with a set of rules for recom-
mending treatments depending on the crop and the
variety. These recommendations are presented in the
GIS application with green, yellow, and red colours.
Weather-based warnings for pests are also presented
in maps marked by green, yellow, and red to visual-
ize local risk levels, graphs of temperature data, to-
gether with graphs of data and risks from previous
years. Plant Protection Online also has tools for sea-
sonal planning; for identifying weeds, diseases, and
pests; for problem solving; and for obtaining essen-
tial information concerning pesticides and the for-
mulation of pesticide mixtures (Rydahl et al., 2003).
Similar approaches are pursued in non-European
countries. For instance, the Pest Information Platform
for Extension and Education (PIPE) was created in
the USA, which integrates experts, information and
communication technologies in order to enhance the
use of DSSs, trigger development of new IPM pro-
grams, spread information and help growers in their
management actions (Isard et al., 2006). The ideal
base of this PIPE is the knowldege from research,
while scouting activity on sentinel plots and diagnos-
tics by the USDA are used to confirm the outbreak of
diseases for giving credibility to the system. All the
data are timely made available among various gov-
ernment and private agencies to run models in order
to eventually analyse and intepret situations, define
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management guidelines for growers and disseminate
them via the Internet (VanKirk and Isard, 2012). The
first case study used to enhance ipmPIPE activities
was for soybean rust (Isard et al., 2006), then it was
also adopted for cucurbit downy mildew (Ojiambo
et al., 2011), pecan (Calixto et al., 2011) and legumes
productions (Langham et al., 2011).

Another example is offered by MyPest Page
(http:/ /uspest.org/wea/), a website that brings to-
gether US weather data and plant pest and disease
models to serve many decision support needs in
agriculture. At present over 78 degree-day and 18
hourly weather-driven models are provided. Models
serve many IPM, regulatory, and plant biosecurity
uses for the whole USA. In this example, all data are
provided “as is” and users assume all risk in their use.

On-site devices

On-site devices provide information at farm or
plot levels by means of one-way, plug approaches.
These devices usually incorporate models (e.g., one or
a few models for specific crops and diseases or pests)
and the weather sensors that collect the model input
data, and produce output specific for the site where
the device is located. They are often marketed by pri-
vate companies, frequently by those selling weather
stations for agriculture. The companies do not usually
support farmers in using and interpretating the mod-
el outputs. These models are typically taken from the
literature and lack specific validation or calibration
for the local conditions where the device is operated.
Alternatively, the models working within these prod-
ucts are not transparent and have not been published
in peer-reviewed scientific journals.

These electronic devices appeared on the market
in the 1980s. In Italy, for example, devices such as
AGREL, BIOMETRON SWG, MTX WST 4000, and
SIAP 3800 predicted grape downy mildew and apple
scab infections (Mandrioli et al., 1985; Gianetti et al.,
1986). Another device that is currently available, the
Lufft HP 100, is a stand-alone system that continu-
ously measures and records temperature, humidity,
precipitation, leaf wetness, and light intensity, and
provides integrated disease calculations for orchards
and vineyards.

Some of these devices send the weather data to
servers managed by the providers, and farmers ac-
cess both the data and the outputs of disease/pest
models through the Internet (e.g., those from Pessl
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Instruments, http:/ /pessl.metos.at, or Dacom,
www.dacom.nl). The iMETOS® weather stations
produced by Pessl Instruments are available with
sensors and matching software for prediction of
some plant diseases. Stations transfer weather data
wirelessly to the Internet, where farmers have their
own platforms (purchased from the company) for
data storage and processing. The platform can be
accessed via personal computer, notebook, PDA, or
mobile phone. Others devices require the installation
of specific software in the farmers’ personal comput-
ers (e.g., the devices from Davis Instruments, www.
davisnet.com).

Alternatively to on-site weather stations weather
data can be generated using Geographic Information
System (GIS) programs to generate interpolations of
weather data accounting for different altitude and
location. The company SkyBit Inc. (Bellefonte, PA,
USA) is providing an almost full coverage of culti-
vated area in North America collecting data from
hundreds of different weather stations (public or
private) (Russo, 2000), using the Geo Positioning
System (GPS) software to pinpoint the location of
each farm or field, and GIS tools to calculate disease
risk for farms located between stations (Gleason et
al., 2008). Preliminary attempts have also been made
to use ground-based radar estimations of rainfall as
inputs for disease-warning systems, for instance in
Italy, to provide an estimation of leaf wetness dura-
tion due to rainfall (Cicogna et al., 2005).

Tools for precision agriculture can be considered
as types of on-site devices. They require site-specific
maps accounting for intra-field variation for dis-
ease and crop conditions (Bjerre et al., 2006). Maps
are drawn by using data from automatic monitoring
devices (Bjerre, 1999) or outputs of disease models
(Rossi, 2003), which use input data from wireless
sensor networks installed in the field (Wang et al.,
2006). These geo-referenced maps are incorporated
in on-board computers on tractors and regulate the
distribution of the PPP via the Global Positioning
System, which defines the exact position of tractors
on maps (Rossi, 2003).

Decision-Support Systems

Decision-support systems (DSSs) are a specific
class of computerized information system that sup-
port decision-making activities. A properly designed
DSS is an interactive software-based system that



helps decision makers obtain useful information
from raw data, documents, personal knowledge,
and/or models in order to identify and solve prob-
lems and make decisions. DSSs can be as simple as
a tool for processing data or as complex as a com-
puterized expert system. A brief history of DSSs can
be found in Power (2007). A review of the type, cat-
egory, and fields of application of DSSs in agriculture
was published by Manos et al. (2004).

DSSs collect, organize, and integrate all types of
information required for producing crops; DSSs then
analyse and interpret the information and finally use
the analysis to recommend the most appropriate ac-
tion or action choices (Agrios, 2005). Expert knowl-
edge, mathematical models, and timely data are key
elements of DSSs and are used to assist producers
both with daily operational and long-range strategic
decisions (Sonka et al., 1997). Computer-based DSSs
have the potential to be important tools in the deci-
sion-making process for farmers and their advisers
(Ritchie, 1995). DSSs can potentially include all the
requirements for practical implementation of IPM.

Status and perspectives of DSSs in IPM

The importance of computer-based DSSs has
steadily increased since the 1980s, and a large num-
ber of DSSs have been developed to assist extension
agents, consultants, and growers in crop manage-
ment. DSSs can provide users with information on
plant disease risk by putting scientific knowledge
and rational risk management algorithms at farmers’
disposal (Gent et al., 2011; Hochman and Carberry,
2011). Such information can be used for schedul-
ing treatments in a way to target them to the actual
needs of control.

Soon after the introduction of personal comput-
ers and modems to farms, government-funded pro-
grams were created in several countries to speed the
introduction of this new technology, to enhance the
use of personal computers on farms, and also to en-
hance the development of models and the exchange
of information (Meijer and Kamp, 1991). Further-
more, some EU-funded concerted actions (EU.NET.
DSS) and EU-cost actions were designed to stimulate
the development and introduction of this new infor-
mation technology as a common initiative (Secher,
1993). EPIPRE (Daamen, 1991) was one of the first
computerised advisory systems for supervised inte-
grated control of wheat diseases in Europe.

Decision-making in crop protection

A review on the DSS currently available for crop
protection in Europe was performed by the EC-fund-
ed ENDURE - Network of excellence in 2008 (EN-
DURE, 2010). This review was based on a survey of
70 DSSs, selected on the basis of four eligibility crite-
ria: i) evaluation of economic thresholds and/or rec-
ommendation of options for treatment; ii) integration
of various sources of information; iii) use of decision
algorithms and /or calculation models; and iv) use of
computers. The survey classified the selected DSSs
into the following groups (the number of records be-
longing to each group is indicated in brackets): dis-
eases in horticultural and fruit crops (18); diseases in
arable crops (37); pests (18); weeds (9) (the sum of the
records is higher than 70, because some DSSs consid-
er more than one adversity). The DSSs included in the
survey were analysed for the kind of decisions they
support, the modelling approaches they are based
on, the modality of communication with users, the
demonstrated impact, the opportunities for integra-
tion with naturally adjacent systems, the implemen-
tation of procedures for updating, and the possibility
of providing feedback to research.

Similarly, a list of DSSs for managing climate-de-
pendent farm business has been produced for Aus-
tralia by a panel of experts; such a list is available on
the web-site of the service Climate Kelpie (2012). A
total of 28 tools was identified, of these only three are
focused on plant protection.

DSSs have generally contributed little to practical
agriculture and, compared to the number of DSSs that
have been developed, and only a few are routinely
used (Nguyen et al., 2006; Matthews et al. 2008; Gent
et al., 2011). Although farmers want enhanced ability
to solve, resolve or avoid problems and uncertainty
in decision-making, DSSs are amongst the least pre-
ferred ways for achieving this goal (Stone and Hoch-
man, 2004). The adoption of DSSs has been quite
weak, with a number of users ranging between a few
enthusiasts users and up to just 3% of the number of
professional farmers in a single country (DCA, 2012).
In particular, the direct use of DSSs for crop protec-
tion by farmers is low, and the main use is indirect
via agricultural advisors (ENDURE, 2008). Similarly,
Jones et al. (2010) described as ‘super users’ those
office employees who access the systems for several
weather stations and then distribute model outputs
to people implementing the IPM on tree fruits.

As it was indicated at the beginning of the 2000’s
(McCown, 2002b), DSSs for crop management faced,
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and are still facing (Matthews et al., 2008; McCown,
2012), the so called Information System ‘problem of
implementation’, that is the “lack of sustained use
in a way that influences practice” (McCown, 2002b).

Thorough analyses of the reasons of non-adop-
tion and failure of DSSs in agriculture have been
carried out by several authors, who in turn reflected
on the possibility of recovering from the mistakes
of the past (Parker et al., 1997; Magarey et al., 2002;
McCown , 2002b; Stone and Hochman, 2004; Mat-
thews et al., 2008; McCown et al., 2009; Ascough et
al., 2010; Hochman and Carberry, 2011;). Different
factors have been identified that influence the adop-
tion and sustained use of DSSs by agricultural users:
profitability, user-friendly design, time requirement
for DSS usage, credibility, adaptation of the DSS to
the farm situations, information update, and knowl-
edge of the users (Kerr, 2004). Under-utilization can
be ascribed both to technical limitations and farmers’
attitude towards decision-making and perception of
DSSs (Matthews et al., 2008; Gent et al., 2011).

Limitations of existing DSSs

Many of the technological problems met dur-
ing the 1990’s, and recognized to be obstacles to
the adoption and sustained use of DSSs, have been
significantly reduced by the increased availability
of personal computers, access to the Internet, and
development of web-based programs (Jones ef al.,
2010). Nevertheless, despite the development and
diffusion of ICT that has occurred over the last dec-
ades and the fact that the current generation of pro-
ducers are adopting computers at the same rate of
the general public (Ascough et al., 2010), some limita-
tions still exist. Below is provided a list of limitations
to the widespread use of DSSs, most of which have
been overcome in some new DSSs, but still persists
in other realities.

A first limitation is that DSSs do not adequately
consider all aspects of production (Parker et al., 1997;
Rossing and Leeuwis, 1999; BCPC, 2000; Magarey et
al., 2002). Most of the currently available DSSs address
only specific problems, whereas agricultural produc-
ers must manage a wide range of problems generated
by the entire production systems. Some DSSs are too
simple or were built to solve problems that do not
concern real-world users (Magarey et al., 2002). For
example, several DSSs focus on saving an individual
spray, but real-world users are often more concerned
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with maintaining quality standards or meeting regu-
lations. Part of this problem stems from the fact that
while researchers often concentrate on a single patho-
gen, growers must deal with all aspects of farm man-
agement, including labour, equipment, finances, cul-
tural practices, and management of an entire complex
of several microbial and arthropod pests.

A second limitation is the low quality of the prod-
ucts. This has arisen because it has become very easy
to deliver information electronically. As a result,
models are sometimes pushed into service before
they have been sufficiently refined and validated.
Frequently, there is poor communication between
the DSS developers and users, so that the refinement
phase of the DSS products is lacking. This is particu-
larly true for commercial DSSs (Magarey et al., 2002).

A third limitation is that many agricultural DSSs
do not have user-friendly interfaces. Cultivation de-
cisions are complex by nature: they involve many
interacting factors and have trade-offs between risk
and reward, and/or involve uncertainty (mainly due
to the erratic climate) (Clemen, 1991). DSSs vary in
complexity, with production guides at the simple end
of the spectrum and a full-expert system at the com-
plex end; both simple and complex DSSs have dis-
advantages (Magarey et al., 2002). Farmers generally
require clear and concise information, and usually re-
act unfavourably to the delivery of large amounts of
redundant information (i.e., information not directly
relevant to the producer decision-making process)
(BCPC, 2000; Ascough et al., 2010). Worm et al. (2010)
showed that the acceptance and appreciation of a
DSS increases in accordance to the “look and feel” of
the system. Historically, many DSSs have presented
their outputs in quantitative terms, which growers
find difficult to interpret. Simple symbols can often
be used to indicate levels of risk that can be associat-
ed with a management consequence (Magarey et al.,
2002). Furthermore, DSS output frequently lacks flex-
ibility (Ascough et al., 2010). Many DSS tools use only
one method in the information flow, with the result
that some users find the information too complex,
while others find that the information does not allow
them to choose among several management options.

A fourth limitation concerns the time required to
operate the DSS. Several DSSs require too much time
to use because of delays in data processing or tedi-
ous input requirements. For example, the users of
the GPFARM, a DSS for strategic planning of whole
farms, did not have the time to fill in the system with



the numerous information requested as input by the
system (Ascough et al., 2010); moreover, the run-time
was too long, discouraging producer/consultant
adoption. The time demand on users can be the sin-
gle most important factor in the success or failure of
a DSS (Travis and Rajotte, 1996).

A fifth limitation is that the DSS outputs are not
properly updated. Crop management decisions can-
not be postponed and many DSSs do not meet the
time interval growers use to make decisions. For
example, grapevine growers normally consider half-
day intervals for controlling downy mildew. They
will make decisions for the morning, the afternoon,
or the next morning. Difficulties in rapidly updat-
ing the default DSS databases (e.g., climate data and
PPPs) can reduce the usefulness of the system to the
growers (Ascough et al., 2010).

The sixth limitation is that many DSSs are not
properly maintained. Modern DSS software and
electronic distribution networks are expensive to de-
velop and maintain. The construction of a DSS often
requires great time and financial investment, which
frequently come from specific projects with adequate
financing. When maintenance is not adequately sup-
ported, there is often little energy or resources left for
maintaining the DSS, and updating with new results
from research. Maintenance costs should then be
provided in the form of fees paid by users. Jones et al.
(2010) estimated the value of the fee for a DSS which
was provided free of charge up to that moment for
IPM in tree fruit. The fee was calculate based on the
number of current users and the costs for maintain-
ing and updating the system, as well as the costs for
providing training. This study did not include grow-
ers’ benefits from using the DSS in the calculation of
fees the growers had to pay to access the DSS.

User’s attitude towards decision-making and
perception of DSS use benefits

The lack of success of DSSs in agriculture, despite
the progressive overcoming of several limitations
met during the 1990’s, has brought attention to the
importance the potential users give to the role these
systems play in decision-making processes (Mat-
thews et al., 2008; McCown et al., 2009). It was consid-
ered that the DSS providers had “an excessive focus
on technological factors rather than recognizing the
need to ensure that the tools developed are credible
with decision makers and to integrate the software
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into a particular decision making milieu” (Matthews
et al., 2008 ).

There is, therefore, need to address the ‘Decision’
and ‘Support’ aspects (McCown, 2012) rather than
the ‘System’ technology, by taking into greater con-
sideration the decision-making processes adopted
by agricultural users and by emphasising the role
of support: users are the ones who make decisions,
while software can only assist them (Matthews et al.,
2008; McCown, 2012).

Resistance towards DSSs often derives from their
designed role in decision making: DSSs typified as
‘proxy’ for a user’s decision process (e.g., elaborate
expert systems) have been unsuccessful because
farmers felt their decision process was by-passed
(McCown, 2002b). Rather than making decisions on
behalf of the users by prescribing an action as the
optimal solution, DSSs should attempt to help crop
managers satisfying their needs in working real-
ity which is characterized by high uncertainty and
complexity (McCown, 2002b; Hochman and Carber-
ry, 2011). In this way DSSs assume the role of tools
which provide information relevant on the focus of
decisions and that the users can consider and apply
according to their own decision-making processes
(McCown, 2002b; Stone and Hochman, 2004); DSSs
then complement the decision-making process with-
out excluding the users from it (Stone and Hochman,
2004). For this reason, DSSs serving as tools have
generally experienced higher use compared to those
designed as proxies.

Another reason of success may derive from the
fact that farmers, who are aware that their decision
making is impaired by uncertainty (McCown et al.,
2009), can positively receive a DSS which allows
profitable reduction in uncertainty “by deriving and
exploiting ‘deep,” abstract information about the sys-
tem, by introducing a powerful ‘logic,” or a combina-
tion of both” (McCown, 2002b).

Another factor which influences the adoption
rate of a DSS is the establishment of its practical im-
pact and market credentials (Stone and Hochman,
2004). In the context of crop management, the in-
troduction of a DSS represents a ‘sustaining innova-
tion’, which requires a significant change in practice
(or behaviour) (McCown et al., 2009). Compared to
the cultivation of a new crop variety, which is de-
fined as a continuous technology, the adoption of a
DSS is defined as a discontinuous technology; this
adoption requires the implementation of new work
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procedures at the farm level, such as routine field
inspections or the consultation of ICT tools (DCA,
2012). In order to embark on a challenging adoption
of a DSS, potential users therefore need to recognize
the relevance that this kind of systems can have on
their activity as well as the resulting benefits (Mc-
Cown et al., 2009).

Quantification of economic benefits rising from
the use of DSSs has been demonstrated in only a few
cases. Caffi ef al. (2010, 2012) conservatively estimated
that the use of DSSs to manage powdery and downy
mildews in viticulture reduce PPP applications by
30%; given that conventional application of PPPs for
control of these diseases costs about 500 € ha™ per year,
a DSS can reduce the cost by 150 € ha™ per year. How-
ever, even when DSSs have been demonstrated to
provide economic benefits, DSSs have not been wide-
ly used (Gelb, 1999; Parker, 1999). Kuhlmann (1999)
offered an economic explanation which remains val-
id: the farming costs are simply more effectively re-
duced by reducing the production inputs, purchasing
cheaper inputs, and simplifying farm operations than
through extensive DSS applications. Rather than as-
sessing DSSs according to immediate economic ben-
efits, they should be assessed in terms of overall sus-
tainability, i.e., in terms of economic, environmental,
and social sustainability. In this sense, the advantages
from using a DSS are manifold. DSSs make it possible
to: maintain the natural resource base of the farm for
future crop production; better manage resources and
reduce certain inputs (e.g., fertilisers and pesticides);
improve the quality of the final product; demonstrate
to customers and to the general community good en-
vironmental performance; meet industry, community,
and government expectations about environmental
management; and maintain or gain access to certain
markets, especially those with high standards for
product quality and/or environmental safety. How-
ever, quantifying all of these economic advantages
that relate to sustainability is not easy.

Involvement of the potential users during the
DSS development has been identified as a way of
avoiding the implementation problems (Igbaria and
Guimaraes, 1994; McCown, 2012; Oliver et al., 2012).
User involvement has proved to significantly impact
on: perceived DSS benefits, overall user satisfaction,
and DSS usage (Igbaria and Guimaraes, 1994). Oli-
ver et al. (2012) drew a formalised protocol to pro-
mote farmer participation as an integral part of DSS
evolution and provided an example for the UK.
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An innovative approach to DSS development and
implementation

Magarey et al. (2002) imagined an ideal, 21st cen-
tury DSS that overcomes all the previously described
technical limitations, and referred to this DSS as the
‘super consultant’. The super consultant incorpo-
rates total management solutions for growers; more-
over, it is designed as a tool to be used by and not for
replacing the decision maker. Such a tool helps the
user making choices by providing additional infor-
mation; the user remains responsible for the choice
and the implementation of actions (Harsh et al., 1989;
Matthews et al., 2008).

The super consultant must be delivered through
the World Wide Web (Magarey et al., 2002). A website
eliminates the need for software at the user level and
provides a mechanism for merging push and pull
approaches (Jones et al., 2010). Furthermore, it al-
lows the DSS to be updated easily and continuously,
so that new knowledge can be provided to farmers
even before it is published in research journals (Red-
dy and Pachepsky, 1997). The super consultant also
has greater automation of interpretation than the
current DSSs (Magarey ef al., 2002). This requires that
decision supports are based both on static-site pro-
files and site-specific information; the static-site pro-
file information includes factors about the site that
do not change substantially during the growing sea-
son (such as previous crop, soil characteristics, and
cultivar), while site-specific information may change
continuously and must be transmitted directly to the
web-based DSS as measurements (such as weather
data) or scouting reports (such as the current crop
status). Additional advantages arising from the use
of web-based DSSs are: i) improved two-way inter-
action with the users; ii) reduction of information
production costs; iii) improved checking of system
performance; and iv) increased access to multime-
dia tools (text, graphs, maps, photos, and video).
Based on the previous considerations, an innovative
DSS aimed at overcoming most of the obstacles that
usually limit DSS use in practical crop management
should be designed following the conceptual dia-
gram in Figure 10. As indicated, both static-site pro-
files and site-specific information (data) flow from
the environment via instrument sensors or human
activities (scouting, chemical analyses) to a database.
The information is manipulated, analysed, and in-
terpreted through comparison with available expert
knowledge as part of the decision process. The in-
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\ formation is processed to produce a ‘decision sup-
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Figure 11. Scheme of activities, tools, data flows, and subjects involved in the development of a Decision Support System
(DSS) for integrated management of vineyards, as in the EU project MoDeM_IVM (Monitoring and Decision Making in
Integrated Vineyard Management).
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terwards, the DSS provider implements the wireless
sensors network (WSN) for monitoring the vineyard
environment (weather, soil, and plant), provides the
grapevine manager with the necessary hand-held
devices for scouting the vineyard(s) during the sea-
son, and trains her/him in using both devices and
the web-based DSS. The grapevine manager uses the
DSS for inserting site-specific data for each vineyard.
During the season, the WSN monitors the vineyard
environment and sends data to the DSS in real time
via the Global Positioning Radio System (GPRS). The
DSS analyses data and produces the decision sup-
ports; when necessary, the DSS asks the grapevine
manager to scout the vineyard through its PDA and
other hand-held devices, and to send information.
The decision supports help the grapevine manager
make decisions about management options. The sys-
tem includes a continuous updating of the DSS and
its adaptation to the client needs. This process in-
volves a feedback from grapevine managers and the
involvement of researchers who have been involved
during the project as well as other researchers with
specific expertise.

During the MoDeM_IVM project, potential users
were involved and their participation was crucial be-
cause they provided insights on their decision pro-
cesses and on the criteria adopted to decide actions.
Establishment of the DSS impact and of its market
credentials were also considered to show potential
benefits to future users. Seminars and visits to dem-
onstration vineyards were organised; in these vine-
yards, performances achieved in plots managed ac-
cording to the vine manager’s usual practice were
compared to those achieved by considering the sup-
ports provided by the DSS.

A similar, web-based, interactive DSS for holistic
crop management of high-quality durum wheat was
already developed by Horta srl (www.horta-srl.com)
and is currently used in Italy (Rossi et al., 2009).

Conclusion

The trend in agriculture is toward more complex,
technologically based crop management, with great-
er regulation and supervision both by government
and processors regarding the use of fertilizers, pes-
ticides, and other chemicals. The Thematic Strategy
on the Sustainable Use of Pesticides adopted in 2006
by the European Commission has established mini-
mum rules for the use of pesticides in the European
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Community so as to reduce risks to human health
and the environment. The Directive requires the use
of IPM in all the EC Member States by 2014, and asks
governments to: i) establish or support the setting
up of necessary conditions for the implementation
of IPM; and ii) establish and apply methods for de-
termining whether farmers apply IPM principles in
practical crop management.

Tools for decision-making in IPM, and particular-
ly the ‘new generation DSSs’ described in this report,
can accomplish both requirements. The site-specific
data, scouting reports, and decision supports collect-
ed by these DSSs serve as acceptable criteria for justi-
fying (to regulatory authorities, but also to wholesal-
ers, food processers, and consumers) the application
of chemicals, and can be used by growers as evidence
that they are properly and rationally applying PPPs.
In using these DSSs, growers not only satisfy these
requirements but also benefit from: i) reduced costs
for protecting their crops from pests and diseases be-
cause of a reduction in the number of treatments; ii)
improved use of the natural resources (soil and wa-
ter); iii) increased crop quality and quantity, thanks to
a better management of biotic and abiotic stresses; iv)
reduced labour needed for crop management; and v)
reduced costs for external consultancy. The innova-
tive nature of new generation DSSs is based on: i) a
holistic vision of crop management problems with the
focus on all the different individual operation issues
(e.g. pests, diseases, fertilisation, irrigation, canopy
management); ii) provision of information on the fo-
cus of the decision in the form of easy-to-understand
decision supports able to reduce uncertainty; iii) easy
and fast access through the Internet; and iv) two-way
communication between users and the providers,
which make it possible to consider context-specific
information. These DSSs combine the advantages of
simple DSSs (low cost, ease of delivery in multiple
ways, and limited time requirements for learning and
using) and more sophisticated ones (greater integra-
tion of knowledge, greater grower choice of manage-
ment tools, and greater consideration of associated
risks). These DSSs are therefore easy-to-use tools that
perform complex tasks efficiently and effectively.
In addition, these systems use technology (Internet,
SMS, hand-held devices like mobile phones or PDAs)
already available and known to most users. The de-
livery of these DSSs using the Internet also ensures
efficient transfer of scientific knowledge into practi-
cal application. The use of the Internet: i) increases



the accessibility for the user; ii) allows the DSS to be
updated easily and continuously, so that new knowl-
edge can be rapidly and efficiently provided to farm-
ers; and iii) allows users to maintain close contact
with providers.

Farmer acceptance of ICTs was disappointing in
the 1990s, mainly because farmers were unwilling
to invest the time required to learn how to use new
technologies (Thysen, 2000; McCown, 2002a). This
is rapidly changing, however, as the Internet be-
comes more available, as technology improves, and
as farmer understanding of technology increases.
The use of the Internet by farmers should not be a
bottle-neck for DSS acceptance because access to the
Internet is rapidly increasing in agricultural areas.
Surveys by the USDA’s National Agricultural Statis-
tics Service found that, in 1999, 40% of US farmers
owned or leased computers, although only 29% had
access to the Internet (NASS, 2006); by 2011, these
numbers had increased to 65% and 62%, respectively
(NASS, 2011). A similar trend is occurring in Europe
(EITO, 2007). In Italy for example, more than 129,000
farms had internet connections in 2007 (Istat, 2012).
The guidelines for rural development for 2007-2013
(Council Regulation (EC) No. 1698/2005) encour-
age the increase in Internet access and the improve-
ment of other communication technologies in rural
areas. The efficient use of ICTs, driven by improved
access to high-speed (broadband) Internet, is widely
recognised as a key factor for increasing productiv-
ity and stimulating innovation throughout Europe,
including rural areas {COM(2007) 803, 11.12.2007}.
Thus, the efficient use of ICTs should promote en-
trepreneurship and economic progress in rural areas
and thereby increase the competitiveness of agricul-
ture and forestry, diversify the rural economy, and
improve the quality of life in rural communities. The
European Economic Recovery Plan highlighted the
importance of broadband communications for mod-
ern economies and aimed to ensure that broadband
was available to all Europeans by 2010 {COM(2008)
800, 26.11.2008}. A recent Communication from the
Commission to the Council and the European Parlia-
ment, named “Better access for rural areas to mod-
ern ICT” {COM(2009) 103, 3.3.2009}, defines actions
for promoting ICT in rural areas.

As noted earlier, another reason for the failure of
many farmers to use DSSs is the poor demonstra-
tion of economic benefits (McCown et al., 2009) or
the recognition by farmers that they could gain more
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immediate economic benefits by reducing costs (by
simplifying farm operations) than by using DDSs
(Kuhlmann, 1999). This concern about short-term
economic benefits should now be outweighed by the
increasing interest in sustainable agriculture and by
the requirement that farmers follow new regulations
governing environmental conservation and safety
(Gent et al., 2011; Jones et al., 2010). Farmers should
now recognize that the benefits from DSSs must be
viewed in terms of overall sustainability.

Efforts must be devoted by DSS developers in
involving the potential users during the phase of
DSS design and development to meet the users’ real
needs, to adapt the system to the decision-making
processes adopted by users, demonstrate multiple
benefits rising from the DSS use, and make user’s
confident with the systems.
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