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Knowledge-implementation processes in crop protection 
literature
Helena Nordström Källströma, Amelia Mutter a, Sara Westerdahla and Anna Berlinb

aUrban and Rural Development, Swedish University of Agricultural Sciences, Uppsala, Sweden; bDepartment 
of Forest Mycology and Plant Pathology, Swedish University of Agricultural Sciences, Uppsala, Sweden

ABSTRACT  
Purpose: The purpose of this paper is to explore how new research 
on crop protection practices is communicated to end-users by 
investigating which knowledge-implementation processes are 
recommended in crop protection literature.
Design/methodology/approach: This analysis is completed 
through a qualitative systematic review of literature on knowledge- 
implementation in crop protection where six knowledge- 
implementation processes are identified from 65 articles: 
information and communication technologies (ICT), management 
models and approaches, education platforms and events, advisory 
and extension services, networks, and collaborative approaches. We 
place special emphasis on the gaps and trends around networks 
and collaborative processes, building on communication theory 
research.
Findings: While many articles discussed multiple knowledge- 
implementation processes, it was found that most of the processes 
discussed aligned with a transmission communication model and 
the traditional agricultural knowledge and innovation system. While 
11 articles described networks and 22 articles described 
collaborative processes in line with a constitutive model of 
communication, these tended to provide limited advice on how 
these processes could be achieved in practice, identifying a need for 
further investigation of how multilateral communication can be 
used to better crop protection practice.
Practical Implications: These findings can help facilitate better 
communication between researchers and farmers, promoting 
processes that include farmers and other actors as sources of 
knowledge and improving the efficiency and effectiveness of crop 
protection practices.
Theoretical implications: This study enhances the understanding of 
knowledge-implementation in agriculture, emphasizing the need to 
draw on multiple forms of communication to address the 
knowledge-to-action gap.
Originality/Value: There is limited research that examines the 
knowledge-to-action gap in agriculture, particularly in relation to 
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crop-protection practices. As a review study, this manuscript provides 
an overview of how this topic is described in the field.

Introduction

Effective crop protection is central for sustainable and secure food production. Damages 
on crops from pests and pathogens such as fungi, viruses, and bacteria have a significant 
impact on crops, resulting in decreased quality and quantity of food production (Savary 
et al. 2019). To cope with this situation agriculture has utilized different chemicals, some 
hazardous, which can risk environmental damage and human health. The future chal-
lenge for crop production is to maintain or even increase the production of quality 
crop production while ensuring the protection of environment and human health 
from hazardous chemicals. Plant protection research has focuses on effective methods 
to protect crops and enhance yields (Berlin et al. 2018) using all different tools at 
hand, such as resistant cultivars, agronomic practices such as crop rotation, biological 
control, and different types of forecasting methods (Karlsson Green, Stenberg, and Lan-
kinen 2020). Still, for many practitioners crop protection poses a challenging situation as 
it is a complicated system with many aspects to consider. Crop protection decision 
making must take into consideration how crop protection is: (1) A highly complex 
area of knowledge where different forms of knowledge and regulation have played a sig-
nificant role, (2) A complex and constantly transforming subject where, for example, dis-
eases caused by fungi or viruses may be difficult to spot but still can lead to significant 
losses in production. Because of the complexity and constant development of knowledge 
around these issues, treatment and prevention of pests and diseases are still widely 
debated with different perceptions on how much chemical intervention should be 
allowed. As such, the threat of losing yield might tempt the practitioner to use unnecess-
ary chemical pesticide applications as a prevention measure. This in turn leads to nega-
tive impacts from exposure to hazardous chemicals and the risk of pests and pathogens 
becoming resistant to different chemical pesticides (Corkley, Fraaije, and Hawkins 2021).

As crop protection is a complex and constantly developing issue, communication of 
knowledge about best practices and new developments is particularly important. This 
paper focuses on communication of knowledge around crop protection practices 
because this was the empirical focus of the research project this paper is a result of. 
While many of the findings may be relevant to communication of other types of knowl-
edge, focusing on crop protection practices enables us to delimit our analysis to com-
munication with a similar type of message. Additionally, Crop health is central in crop 
production – both to sustain quality and quantity of the harvest/yield. Today, other agro-
nomic practices are integrated in the concept of IPM – integrated pest management and 
the use of pesticide is the last option – at the same time, many farmers use pesticide to 
safeguard their crop. Few studies have synthesized recommendations on how knowledge 
on crop protection can best be implemented in farming practices. In this study we look 
deeper into the process of moving research findings (knowledge) into practical utiliz-
ation, highlighting the specific ‘knowledge-to-action’ (KTA) gap that can limit the 
effective application of new research findings (Graham et al. 2006).
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The KTA gap is a concept that describes the rift that can emerge between knowledge 
creation and practical implementation. The KTA gap emerges in situations where research 
findings are not ‘taken up in practice settings’ or ‘making their way into practice in a timely 
fashion’ (Graham et al. 2006, 14). This conceptualization draws on an underlying assump-
tion that knowledge is a prerequisite to implementation, meaning that practitioners must 
first learn about new research in order to incorporate it into practice (Siebrecht 2020).

The purpose of this paper is to explore which knowledge-implementation processes 
are recommended for communication with farmer practitioners in publications discuss-
ing crop protection through a comprehensive literature review. We further aim to high-
light the KTA gap present in crop protection practices by placing special emphasis on the 
way that collaborative processes are discussed in the literature, identifying the need of a 
more active role for the farmers/landowners.

With this focus in mind, we consider the following research questions: 

. How does the evaluated literature suggest that formal knowledge is communicated to 
farmers?

. How do the suggested knowledge-implementation processes relate to traditional com-
munication models and what trends and gaps emerge from the literature’s 
recommendations?

In the following section, we introduce our theoretical approach to knowledge com-
munication and implementation in agriculture. Thereafter materials and methods are 
described. In the results section we present the analysis of the identified knowledge- 
implementation processes from the materials and delve into a more in-depth discussion 
on some of the trends and gaps that emerge from this analysis. The final section outlines 
our primary conclusions from this study.

Theory: knowledge-implementation in agriculture

This section outlines the traditional structures for breaching the KTA gap in the agricul-
tural sector. It also elaborates the theoretical framework we use in this paper, using clas-
sical, conceptual communication models to understand different processes of 
transferring formal knowledge to practitioners.

Understandings of knowledge and communication in agriculture

In the western context, the practice of communicating knowledge in agriculture has tra-
ditionally been described as an ‘Agricultural Knowledge and Information System (AKIS)’ 
where agricultural actors are divided into three groups; producers of knowledge (univer-
sities/institutes), transmitters of knowledge (selling, commercial and free extension and 
advisory services) and users of knowledge (farmers) (Yngwe 2013). This conceptual 
model of the AKIS suggests that knowledge is solely developed in one of these groups 
and that end users require an interpreter to communicate new information from the pro-
ducers of knowledge.

Extension or advisory services are expected to act as the middleman for this exchange 
of knowledge, stemming from a need to make agriculture more effective and to produce 
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more food. Modern extension is often considered to have developed in Ireland during the 
great famine in the 1840’s and to have spread to Germany in the form of itinerant agri-
cultural teachers (Jones and Garforth 1997). A cooperative extension system was author-
ized in the United States in 1914 and in Britain the term extension was replaced with 
advisory service in the twentieth century (Jones and Garforth 1997). Other terms for 
this activity have been used in other parts of the world. Extension or advisory services 
have therefore a long history of being understood as the actor group implementing 
new knowledge at the farmer’s level and by such creating change in agricultural practices.

Many have criticized this traditional (simplistic) understanding of knowledge transfer 
in the AKIS, meaning that the reality is more complex than what is suggested. The tra-
ditional understanding relies on the division between actors as creators (and thereby 
senders) of knowledge and actors as users (receivers). Šūmane et al. (2018), among 
others, problematize this understanding pointing out that knowledge is also created at 
the practitioners’ level and that formal (scientists and industry) knowledge and informal 
(farmers) knowledge ‘are often complementary, building on each other’ (237). In current 
systems, the lines between knowledge production and implementation can become 
blurred, for example, where advisory service organizations have their own research 
units, farmer groups share experiences, and through the more accessible knowledge 
sources available on social media platforms and accessible information on the internet 
(Rust et al. 2022). Furthermore, different systemic models dictate different interactions 
between the actor groups. While in many traditional AKIS structures advisors are a 
homogeneous group overseen by a government actor, advisory systems are becoming 
increasingly pluralistic incorporating private companies, government agencies, and 
non-governmental organizations (Birner et al. 2009). Chowdhury and Kabir (2024) 
find that while these pluralistic systems can offer improved services through diverse 
expertise, private organizations can lack coordination. Thus, the involvement of the 
public sector is still considered an essential part of the pluralistic advisory system.

Barriers to knowledge communication in agriculture
Our study departs from a frequently verbalized challenge among crop protection scholars 
and extension service officers: How can new knowledge on crop protection best be com-
municated to practitioners? Studies on the impact of knowledge communication or 
implementation within crop protection specifically and farming more generally have 
so far been limited. In a review of articles on implementation science (an alternative 
term to describe studies of the KTA gap), Siebrecht (2020) finds that while most of the 
studies focus on medicine, psychology and nursing, less than 2% are within the field 
of agricultural and biological sciences. One explanation for this gap in research could 
be the difficulty in attributing impact in the agricultural sector. While medical studies 
often include explorations of statistical impact (for example through lives saved, 
reduced disease spread, or extended life expectancy), similar measurements are not 
typical part of agricultural studies. Anderson and Feder (2004), for example, suggest 
that this is due to the complex factors which influence performance in agricultural 
studies so that ‘it is difficult to attribute specific impacts at the farm level’ (46). Further-
more, Siebrecht (2020) suggests that the role of farmers as decision makers can compli-
cate knowledge-implementation in agriculture because some farmers are resistant to 
change their practices.
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From the practitioners perspective, formal knowledge derived from agricultural insti-
tutions is not accepted uncritically (Kaup 2008; Šūmane et al. 2018). Studies show that 
farmers have the highest trust for their own colleagues when it comes to learning 
about practices (Rust et al. 2022). Farmers view other successful farmers as the 
experts, due to their practical experience within similar conditions (Šūmane et al. 
2018). As such, informal knowledge on both personal and other practical experience is 
valued higher than formal knowledge. This raises the question of to what degree the tra-
ditional understanding of knowledge transfer is successful in implementation of knowl-
edge in agricultural practices, successfully changing farmers’ practices.

Conceptual models of communication

The KTA gap, an umbrella term for an abundance of different concepts (including 
knowledge transfer, knowledge translation, knowledge dissemination, and implemen-
tation) (Graham et al. 2006), highlights the communicative challenge of moving new 
knowledge into practical utilization. Our study takes a broad approach to this knowledge 
communication challenge, understanding this as the process by which knowledge 
acquired in one context is communicated for use in another. To examine knowledge 
communication, our analysis builds on communication literature and particularly 
three fundamental communication models.

Overall, communication literature outlines different models of communication based 
on the relationships between the actors involved in the communication act, the infor-
mation, and society. Historically, communication sciences have taken a linear approach 
to this relationship with communication manifesting through a process where one actor 
(‘the sender’) transmits a message to their audience (‘the receiver’) in a one-directional 
process. This model is sometimes called the transmission model, the objective model, 
or the sender-receiver model and presents a somewhat limited understanding as it 
assumes that the content of the information being shared is clear and fixed and that 
the receiver will understand the information as long as the transmission is free from 
noise or interference (Leeuwis and Aarts 2011; Shannon and Weaver 1949). One key 
aspect of this model is that it is based on the assumption that the message has a clear 
objective meaning (Leeuwis 2013).

In later years, scholars began to understand that communication is also influenced by 
the experiences and situation of the receiver, as exemplified in the subjective model of 
communication (Leeuwis and Aarts 2011), also known as the receiver-oriented model 
(Leeuwis 2013; Nitsch 2000). This is similar to what has elsewhere been called the inter-
actional model where the receiver can give feedback on the sender’s message, even 
leading to dialogue between the two parties. The subjective model incorporates more 
complexity than its objective counterpart because it takes the situatedness of the receiver 
into consideration and acknowledges that this can result in the receiver having a different 
interpretation of the message (Leeuwis and Aarts 2011). This model, however, still leaves 
out several aspects influencing different interpretations of the message such as ‘the his-
torically grown relationship between the communicating parties, configurations of inter-
est and also the influence of other actors not directly involved in the interaction’ (Leeuwis 
and Aarts 2011, 25). A third communication model, the constitutive model (similar to 
the construction or transactional model) attends to these additional factors and 
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emphasizes the role of all actors as dynamic communicators (Leeuwis and Aarts 2011). 
As Leeuwis and Aarts (2011) explain, ‘In the “construction model” communication itself 
is regarded as an action that has direct consequences to the (social and material) world’ 
(26). A more detailed description of the three models is included in Table 1.

Our analysis of knowledge communication builds directly on these three models of 
communication, emphasizing the variety of ways that new research on crop protection 
can be communicated with farmers. However, we believe that addressing the KTA gap 
also requires engaging practitioners in learning and implementation In our analysis, 
we therefore refer to the processes of knowledge communication as ‘knowledge- 
implementation processes’, a term that we have chosen to indicate our belief that chan-
ging practitioners’ behavior requires more than the transference of expert generated 
knowledge.

Materials & methods

For this study, we performed a qualitative systematic review to provide a holistic picture 
of the discussion on communication of new crop protection research to farmers. Quali-
tative systematic reviews are commonly used to synthesize and interpret a large amount 
of literature that meets specific criteria and to create a more complete picture from the 
results. This method was deemed appropriate to meet our aim of providing an overarch-
ing picture of knowledge-implementation processes in crop protection literature. We 
developed search terms to provide a basis of publications related to knowledge transfer 
in crop protection and then narrowed down the results using the inclusion criteria pre-
sented in Figure 1. The final list of manuscripts was then analyzed to determine how 
knowledge-implementation was discussed, including by identifying which category(ies) 
of knowledge-implementation process were described. A detailed account of this 
process is described below.

The first step was to choose a set of search terms to find the body of literature which 
met our research aim. This process was based on the knowledge transfer framework 
described by Lavis et al. (2003) by focusing on three questions they propose: (1) Who 

Table 1. Three conceptual models of communication adapted from Leeuwis and Aarts 2011.
Communication models

Transmission model 
Objective model 

Sender-receiver model

Subjective model 
Receiver-oriented model 

Interactional model

Constitutive model 
Construction model 
Transactional modelAspect of communication

Parties involved in 
communication

Individual senders and 
receivers

Senders and receivers which 
are part of a community

Socially situated actors in a 
relational and historical 
setting

Meaning of message Is fixed, determined by 
sender

Sender and receiver have 
different interpretations

Actors strategically mobilize 
meanings to achieve social 
ends

Main cause of differences 
in interpretation

Interference/noise in 
communication channels

Different past experiences 
and life-worlds

Different values, interests and 
struggles for power/ 
influence

Theorists implicit 
communication ideal

Effective transfer of 
particular meanings

Dialogue to arrive at shared 
meaning

None (unless a partisan 
position is taken)

Relevant time horizon Present Past and present Past, present and (anticipated) 
future
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do you (the authors of the manuscripts) want to reach? (2) Through what? And (3) About 
what? After an extensive process in finding search words, including numerous test 
search, under each category we utilized with following final search words in each category 
(see Figure 1).

For this study we have used the same search words in comparable searches in the aca-
demic databases Web of Sciences Core Collection (http://webofknowledge.com/) and in 
Scopus (https://www.scopus.com/). We further narrowed down this search to articles in 
English published between 1990 and 2018 resulting in 4004 total articles (excluding 
duplicates). These articles were then further reduced by a set of inclusion criteria as out-
lined in Table 2 through three stages. First by performing a preliminary evaluation based 
on the articles’ titles and first impressions of the abstract. In the second stage, the 
abstracts were read thoroughly for the inclusion criteria and finally, the remaining full 
articles were examined to determine if they fit the scope of the study. The inclusion cri-
teria included reference to specific crops and climate zones to allow alignment with a 
wider project using these limitations for mapping crop protection practices (see Berlin 
et al. 2018). By applying the inclusion and exclusion criteria in the three steps described 
above, we narrowed down the articles to 1231 articles after the first step, 223 after the 

Figure 1. Categories and search words for the qualitative systematic review.

Table 2. Literature inclusion criteria.
Type of 
publication Peer-reviewed journal articles

Crops Articles relating to crops within the scope of this study (wheat, barley, oat, potato, sugar beet and 
rapeseed) 
Articles having a general discussion concerning crops

Temperate zone Articles relating to climate zones within the scope of this study (Köppen-Geiger climate classification 
zones Cfb, Dfb, Dfc, and Cfa) 
Articles having no geographical focal point related to their discussion

Range Articles describing any mode/method of disseminating research on crop protection to practitioners
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second, and 65 after the third. The full list of the articles and how they are coded to each 
knowledge-implementation process is included in Appendix 1.

When reading the full article in the third step, we also began analyzing the articles by 
how the authors viewed knowledge production and communication, focusing on the 
types of ‘knowledge-implementation processes’ that were recommended or described, 
these processes are outlined in the results below. Many of the publications suggested 
references to multiple knowledge-implementation processes. In these cases, the publi-
cation was included in the analysis of all of the relevant processes. Figure 2 shows the 
way that the number of articles coded to each knowledge-implementation process as 
well as the overlap between the processes.

Figure 2. Matrix of overlapping knowledge-implementation processes.
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Results: knowledge-implementation processes for crop protection

While the subject matter of the 65 articles analyzed is quite diverse, the majority of them 
focus on technical solutions to crop protection challenges. The articles suggested a variety 
of potential best practices in crop protection, including addressing a wide range of crop 
protection solutions focusing on agricultural practices, farm management regimes and 
decision-making processes, with knowledge-implementation practices taking a secondary 
role. The knowledge-implementation practices described by the articles were broadly cate-
gorized within the six knowledge-implementation processes: information and communi-
cation technologies (ICTs), management models and approaches, education platforms and 
events, advisory and extension services, networks, and collaborative approaches.

For a list of the articles and the knowledge-implementation processes they discuss see 
Appendix A.

As Figure 3 shows, the number of articles relating to the different knowledge- 
implementation processes has changed over time. However, it is difficult to state a 
clear historical development. Worth mentioning is that the ICTs approach has been 
part of a large share of the publications discussing knowledge-implementation within 
crop protection from 1990 until 2009, but that this share has decreased since 2010. 
There is also a trend in increased mention of networks and collaborative approaches in 
the later years of the study.

The following sections details our understanding of the six knowledge-implemen-
tation processes by elaborating on the way these are discussed in the articles assigned 
to each process.

ICT – Information and Communication Technologies

The term Information and Communication Technology (ICT) is commonly used to refer 
to forms of communication that use the internet as a medium. Twenty-eight of the 

Figure 3. Historical overview of the number of articles relating to the knowledge-implementation 
processes.
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publications relate to and discuss different types of ICTs making this the most frequently 
mentioned knowledge-implementation process. Specific types of ICTs referenced include 
Geographic Information System (GIS), Variable Rate Technology (VRT), online systems 
for information and knowledge sharing and e-learning tools. More than half of the pub-
lications within this process focus on so-called Decision Support Systems (DSS), which 
are types of ICTs that collect data from the practitioners and then make recommen-
dations based on this data. One type of DSS can be used to determine what pesticides 
to use, the appropriate dosage, and when to apply as these software tools are meant to 
provide decision-makers with accessible and useful science-based information to make 
better decisions (Evans, Terhorst, and Kang 2017; Lomotey et al. 2013).

The publications generally frame ICTs as one-way communication tools, providing 
scientific information to end users. These publications often point out farmers’ need 
for up to date, rapid and convenient information to be able to make good crop protection 
decisions, in the form of remote sensing (Brisco et al. 1998), weather forecasts (Strand 
2000), or warning services (Rossi, Caffi, and Salinari 2012) to name a few examples. 
Other publications see ICTs as a means to recommend solutions and give guidance 
for stakeholders by offering predictions and interpretation of data, relating the discussion 
to programs or software meant to support practitioners’ decision-making (see for 
example Stevenson et al. 1995; Sadok et al. 2009).

In some cases, the publications recommend ICTs as more constructional forms of 
communication including knowledge sharing. For example, ICT tools can be used to 
create networks, such as a web-based knowledge exchange between stakeholders 
(Bruce 2016; Rantanen et al. 1993). As one author explains, ‘There are huge opportunities 
to facilitate knowledge exchange through online systems for farmers and people who 
advise farmers’ (Bruce 2016, 89). This quote provides an important perspective that indi-
cates the potential of technology and particularly ICTs to facilitate wider communication 
between actors in the AKIS, including opening up for two-way information exchange.

Management models and approaches

The second type of knowledge-implementation process that emerged from the crop pro-
tection literature are management models and approaches which cover different methods 
and tools for farm management and decision making. The nine publications that describe 
this form of communication include analog methods of knowledge-implementation, 
such as checklists, guides and models meant to help farmers improve their crop protec-
tion practices. These models and approaches typically provide frameworks to help prac-
titioners make decisions about their crop management relating to topics such as risk 
mitigation and comprehension, damage reduction, weed management, and integration 
of sustainable systems (Ayouba 2016; Bereswill, Streloke, and Schulz 2014). As such, 
these management models and approaches include a certain practice that the authors 
wish farmers adopt. Essentially, these models are meant to help farmers assess certain 
scenarios and make appropriate decisions related to crop protection.

These management models and approaches are meant to adapt research into practical 
application using a subjective model of communication by attempting to adjust research 
findings to fit the farmer’s situation. Some publications argue that the management 
models provide practitioners with useful insights (Ayouba 2016) as well as showing 
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practical implementation (Bereswill, Streloke, and Schulz 2014; Wijnands 1992). 
However, many of these publications have a theoretical approach, not emphasizing 
how the models can be applied in practical and local situations. Doohan et al. (2010) 
argue that a better understanding of farmers’ decision process is needed for models to 
be properly developed and suited for practice. Participatory approaches, such as 
effective knowledge sharing and co-development of models, are also mentioned as 
increasing the implementation rate of manuals describing best-practices (Alix et al. 
2015; Hewett, Quinn, and Wilkinson 2016; Hughes and Burnett 2015).

Education platforms and events

Under the third knowledge-implementation process of education platforms and events, 
we included crop protection literature that recommended educational tools and 
methods to increase practitioners’ knowledge and understanding of crop protection. 
Nineteen publications were coded to this process. The suggested educational platforms 
and events were often combined with or related to recommendations about what type 
of measures or behaviors that would be beneficial to create a better crop protection prac-
tice. As such, these education platforms and events underlying assumption is that knowl-
edge or understandings of a certain practice is lacking and that an increase in knowledge 
for a farmer, through educational platforms or events, would result in adoption of that 
practice. The most frequently mentioned educational processes were practical training 
programs, as well as experiential learning (see for example Wezel et al. 2018; Korani 
2012; or Ozcatalbas and Brumfield 2010). Two publications discuss tools to ensure 
farmers participation in educational practices, for example by incorporating new edu-
cational material within already established educational programs such as pesticide cer-
tificate programs (Stahl et al. 2016; Wyatt, Herzfeld, and Haugen-Brown 2015).

Often the articles address education by relating to extension programs (both govern-
mental and NGO), seeing advisory and extension services as the educator, and sometimes 
seeing these actors in need of additional training to increase their potential in affecting 
farmer practices (such as Doruchowski 2008). However, some publications also consider 
educational approaches through other sources including social learning and farmer-to- 
farmer training (Rebaudo and Dangles 2013) or educational programs based on colla-
borative learning approaches with stakeholders (Rajendran et al. 2016). The publications 
discussing education platforms and events, therefore, relate to different communication 
models, ranging from the subjective model of transferring knowledge in an educational 
setting to the construction model of interactive knowledge creation. However, the 
common denominator of the articles is the belief that knowledge is missing, and that 
this is the central barrier to implementation of new methods and practices of crop 
protection.

Advisory and extension services

The fourth knowledge-implementation process discussed the role of agricultural advi-
sory and extension services in knowledge-implementation of crop protection. There 
were 20 publications under the umbrella of advisory and extension services, and they 
suggest that these services are meant to change agricultural practices by sharing scientific 
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knowledge and informing, advising, and teaching farmers new techniques. About half of 
the publications within this process discuss advisory services and their direct contact with 
farmers as consultants. The other half discuss more widely about extension services, 
transferring research into practice and running education programs.

An underlying assumption within the process of advisory and extension services is that 
these services act as the bridge between knowledge creators (academia) and practice 
(farmers). Advisory and extension services are often seen as beneficial when reaching out 
to practitioners because of their pre-established contacts and large networks (such as 
Roberts and Rao 2012). In general, advisory and extension services are considered as a 
trusted source of information for farmers (such as Bradshaw et al. 1996). However, many 
publications within this process focus on how advisory and extension services should 
best be utilized to change farmer practices. For example, some publications point out the 
need for advisory and extension services to incorporate farmers’ knowledge and experience 
with scientific and technical knowledge, addressing farmers’ individual situation, trajectory 
of change, or belief structure (see for example Chantre and Cardona 2014 or Moss 2010). 
Furthermore, advisors and the extension personnel are meant to have large influence on 
farmers and farming practices due to interpersonal reasons. For example, intermediation 
skills and the relationship between advisory service and farmer are seen as important for 
affecting farmers’ practices as well as understanding the local setting the farmers operate 
within (Cerf et al. 2017; Ilbery, Maye, and Little 2012).

Networks

The fifth knowledge-implementation process we identified relates to networks and their 
ability to implement and create new knowledge. These ten publications described 
different constellations of actors and discussed the ability of networks to enhance 
other processes such as extension services, collaboration between stakeholders, and the 
development of new technical practices.

The publications revolve around the idea that a network is a tool to share information 
and connect practitioners and stakeholders (Rantanen et al. 1993). Networks can be plat-
forms for discussing, creating, and exchanging knowledge (Alix et al. 2015; Brinks and de 
Kool 2006), thereby creating an environment for practitioners to pose questions and get 
support in redesigning their practices (Cerf et al. 2017). The basis for these publications is 
the idea that changing practices is a social process. Cullen et al. (2008) elaborates on this 
understanding by describing how farmers need to trust information sources in order to 
incorporate and implement new knowledge, identifying other farmers as the actors who 
have the highest credibility for this. As such, implementing new or changed practices 
requires ‘a supportive network of other growers, not merely the transfer of technology’ 
and that this furthermore ‘requires an alternative set of social relationships among 
farmers, extension agents, and scientists: a supportive network or partnership’ (Cullen 
et al. 2008, 278).

Collaborative approaches

The sixth and final knowledge-implementation process we identified describes collabora-
tive approaches where stakeholders are involved in the knowledge creation process. The 
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twenty-two articles discuss collaborative approaches when developing toolboxes, pol-
icies, best practices, change processes and technology, as well as within planning, execut-
ing, and interpreting experiments such as cropping systems or creating strategies for 
herbicide use reduction. The publications mainly focus on collaborations involving 
researchers, and extension services, however some take a broader scope including stake-
holders such as farmer groups, industry, consumers, or environmental organizations 
(Francis et al. 1990; Zoschke and Quadranti 2002).

According to publications within this knowledge-implementation process, knowledge 
creation incorporates different stakeholder’s knowledge and expertise (for example, local 
knowledge), contributing to a better understanding of what crop protection solutions are 
most applicable in real world situations (such as Nazarko, Van Acker, and Entz 2005). 
This assures that the suggested practices correspond to the needs of the user (Stigter, 
Sivakumar, and Rijks 2000). As a result, using a collaborative approach, such as stake-
holder participation, when developing best practices or technological devices results in 
end products that are better adapted to distribution and implementation (Alix et al. 
2015; Brinks and de Kool 2006; Rossi, Caffi, and Salinari 2012). An underlying assump-
tion of collaborative approaches is that they increase the potential for knowledge- 
implementation because the knowledge creation happens closer to practice, thereby 
reducing the knowledge-to-action gap.

Discussion: communication processes in crop protection literature

While the analysis of the knowledge-implementation processes shows some variety in the 
proposed methods of bridging the knowledge-to-action gap, they tend to rely on tra-
ditional forms and methods of knowledge dissemination. The following section outlines 
some of the trends and gaps that emerge from this analysis, including how these relate to 
the communication models introduced in the section Conceptual models of communi-
cation. Finally, as the literature indicates an increasing interest in two-way communi-
cation processes in the agricultural sector, we delved deeper into the way that the 
articles described networks and collaborative processes.

Relationship to traditional communication models

Our knowledge-implementation processes correspond with the conceptual models of 
communication in the way that they incorporate different levels of interaction between 
the sender (usually researchers) and the receiver (farmers and landowners). ICTs and 
management models and approaches can be viewed as utilizing the transmission model 
as they tend to emphasize one-way communication where farmers are being informed 
of new research developments through different means. Within the processes of edu-
cational platforms and events and advisory and extension services articles discussed 
initiatives that could be considered within multiple of the communication models. 
While some articles recommended processes that utilized the transmission model, 
others incorporated the subjective or constitutive models of communication. One com-
monality is that these tend to focus on sharing expert knowledge within these initiatives. 
Thus, even in articles where the role of the farmers is considered, this is primarily as the 
audience for trainings or educational activities. While they might be invited to give 
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feedback or participate in educational trainings (asking questions, etc.) they are primarily 
recipients of ‘expert’ generated knowledge. Networks and collaborative approaches can be 
viewed as relating to the constitutive model of communication since these processes 
include dialogical interactions between the different stakeholders including researchers 
and farmers. Furthermore, these approaches often call for more emphasis on types of 
knowledge provided by diverse stakeholders.

Although the knowledge-implementation processes engage with different communi-
cation models, they tend to build on traditional forms of agricultural communication, 
such as advisory and extension services. Despite increased interest in collaboration 
and participation along the lines of the constitutive model, the actors and systems of 
the traditional AKIS still govern the suggested processes for knowledge dissemination 
in the agricultural system. Transmission style communication processes are dominant 
with actor groups maintaining traditional roles. Even in instances that advocate for col-
laboration and network processes, the role of extension and advisory services is empha-
sized with these actors coordinating or participating in many of these processes.

In the articles coded for networks and collaborative approaches, focus on extension and 
advisory services and education was still strong, although the literature made concrete 
recommendations on how these forms of knowledge-implementation processes can be 
improved by the inclusion of additional stakeholders. Barzman and Dachbrodt- 
Saaydeh (2011), for example, suggest that a collective approach that combines traditional 
extension services with the involvement of other stakeholders including farmers could 
lead to more successful implementation. Meanwhile, Rajendran et al. (2016), emphasize 
that collaboration with multiple stakeholders including farmers in developing edu-
cational programs can do important work for facilitating the shift to sustainable agricul-
tural practices.

Focus on the sender of information

Another trend we noticed among the articles, including the articles on networks and col-
laborative approaches, is the way they emphasize the role of the sender in communicating 
crop protection practices. In many cases, the aim of the articles seems to be primarily to 
advocate for new or better crop protection techniques. The publications thus, tend to 
focus on methods for spreading information about these techniques. As a result, the 
agency of the researchers and knowledge producers is highlighted, with limited infor-
mation on supporting or enabling the end-stage users in implementation. As one 
article suggests, ‘these important technological progresses need to be transferred to the 
field and to users, so that users gain experience and confidence in these tools’ (Alix 
et al. 2015, 155). This quote seems to align with the transmission model of communi-
cation by suggesting that by sending these technologies to the field, they will be properly 
used and result in better crop protection. In another example, Bianchi et al. (2013) 
suggest the development of toolkits for functional agrobiodiversity as a method for 
turning knowledge into implementation. To us, this similarly implies that if farmers 
are provided with the right information (in this case through a toolkit) that they will 
implement functional agrobiodiversity.

While these recommendations are perfectly valid, it is noteworthy that they tend to 
overlook the complexity of knowledge-implementation processes by implying that this 
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step (packaging and sharing new information) is the central aim of these processes. The 
drawback as we see it is that this emphasis tends to ‘black box’ the step of implementation 
and reduce the agency of practitioners (Callon and Latour 2014). By this, we mean that 
what happens beyond communicating the information to practitioners ‘no longer needs 
to be reconsidered’ and becomes ‘a matter of indifference’ (Callon and Latour 2014, 285). 
Essentially, the publications take for granted what will happen once the information is 
sent to farmers, implying an expectation that the shared information on crop protection 
will be simply adapted and put in practice without question. This suggests that even while 
calling for processes more in line with the constitutive model the actual understanding of 
communication processes is more in line with the transmission model, which suggests 
that failures of implementation result from poorly packaged information. This interpret-
ation ignores the possibility of other types of barriers that could be considered with a true 
constitutive model, such as the possibility that the information itself does not actually 
work in the use case. Cullen et al. (2008) suggest one such barrier, highlighting the 
way that the economic consequences of changing practices might be one motive for 
farmers not implementing new recommendations or toolkits. In the same article, they 
go so far as to emphasize the benefits of cooperative process by suggesting that 
farmers are also more likely to take the recommended steps if they have been involved 
in the process of developing the technology or practice.

The focus on the sender as the main actor within the communication act leads to also 
seeing the sender as the solution when issues of implementation arise. In other words, 
when end users fail to adopt the new knowledge the solution is viewed as the result of 
a weakness in the packaging or sending of the new information. Improvements can be 
even more ‘ready-to-use’ or ‘easy-to-apply’ for the farmer. This type of framing is proble-
matic, because faulty packaging of information is only one possible reason for the failure 
of implementation for new practices. In reality, this failure may also be in the actual 
implementation step, for example if the farmer disagrees with this information or 
finds it incompatible with other aspects of their practice.

Lack of clarity around the practice of collaboration and participation

The rise in articles advocating knowledge-implementation methods such as networks and 
collaborative approaches, indicates that there has been an increasing interest in these pro-
cesses, as also noted in Šūmane et al. (2018). Despite this trend the literature we reviewed 
provided limited concrete information on how these communication practices could or 
should look. In many cases, articles were coded as including collaborative approaches 
based on a brief mention that advocated for these approaches. We found that the 22 
articles that discussed collaborative approaches and the 11 relating to networks often 
used terminology such as collaboration, participation, experiential, dialogue, 
cooperation, or others that we connect with the constitutive model of communication. 
This interpretation is confirmed by Barzman and Dachbrodt-Saaydeh (2011) who 
write that ‘The classical diffusion model of research and extension – where knowledge 
is generated by research, then handed over to advisory services which then “transfer” 
it to farmers – is increasingly being replaced by more collective and participatory 
approaches’ (1483). Nevertheless, in many cases (ten of the collaborative approaches 
articles and six of the network articles) the discussion of these kinds of topics were 
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quite brief, in some cases earning these codes for limited statements in support of these 
communication processes. As the search criteria for the study turned up many articles 
that included only limited focus on knowledge-implementation terms generally, this 
fits the trend from the literature. One potential interpretation for this gap is that while 
there is recognition that participation and collaboration are beneficial, there is limited 
understanding of how these processes can be achieved.

Some of the literature emphasizes how collaborative and participatory approaches are 
attractive alternatives as they are more likely to generate crop protection measures that 
are applicable to real world farming situations since they incorporate multiple forms of 
knowledge. Cerf et al. (2017), for example, point out the multitude of actors and insti-
tutional factors that influence innovation processes, describing a political perspective 
on the debate around the phase out of chemical pesticides, an experiential perspective 
on the way that farmers are represented, and an interactive perspective one that considers 
how farmers and other stakeholders are represented in participatory processes. This type 
of deeper participation is not universal, however, Nazarko, Van Acker, and Entz (2005) 
note that ‘research that is termed participatory ranges widely in scope, from simply locat-
ing research sites on farmers’ land, to having farmers control the research agenda and 
share in the interpretation of results’ (471). Building on this literature, we suggest that 
the use of participatory or collaborative approaches should align with a constitutive 
model of communication encouraging open exchange and knowledge sharing between 
the different parties. Researchers utilizing these processes can draw inspiration from 
other fields of participatory and co-productive research (see, for example, Malmborg 
et al. 2022) to better understand how these can bridge the KTA gap.

Conclusions

Crop protection is a complex practice where knowledge and understanding of how to 
optimize crop production while minimizing chemical use is under constant develop-
ment. To better understand how this new information can be transferred to and 
implemented by end stage users, this literature review explores the knowledge- 
implementation processes proposed as methods for overcoming the KTA gap around 
crop protection information. In the majority of the articles analyzed, the main focus 
was on the crop protection practices, with the processes for knowledge-implementation 
described as a lesser aim of the articles.

We found that the majority of the articles focused on one-way processes of (knowl-
edge) communication, drawing on the transmission communication model. The articles 
also often focused on the activities of the sender, meaning the discussion of the KTA gap 
emphasized how researchers and advisors could better communicate their results to 
farmers. As such, what happened on the implementation side of these processes is 
often black-boxed by the literature and farmers were framed exclusively as recipients 
of information. A long history of communication research shows that this is a faulty 
model since it does not engage the end user (in this case farmers) actively in the com-
munication process making it unclear how they have understood and valued new infor-
mation. Furthermore, the knowledge-implementation processes often built on the 
traditional roles of the AKIS, with advisors and extension agents acting as the interme-
diaries of new information.
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As a second aim of this article, we focused on the discussion of collaborative processes are 
discussed in the literature, examining which gaps and trends emerge from the articles that 
discuss networks or collaborative processes. We found that while many of the articles men-
tioned participation, cooperation, or collaboration, there was little guidance of how these 
processes should look. Future research could explore this gap through a more extensive 
study on the literature around collaborative processes concerning crop protection and advi-
sory communication more generally. Furthermore, as previous studies indicate, farmers 
trust and value the experience of other farmers as experts (Rust et al. 2022), future research 
could include a more observational approach to improve understanding of how farmers 
communicate best practices with each other and how these processes can be applied to com-
munication between researchers and practitioners. Finally, future research could focus on 
how farmers utilize and interpret knowledge once they learn of it, exploring the gap found 
in this article by removing the black box from the implementation side of the knowledge- 
implementation processes. Such research could provide more concrete recommendations 
on how communication along the lines of the constitutive model can be used in crop pro-
tection research, providing an important compliment to the transmission and subjective 
forms of communication dominant in the traditional AKIS.
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