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A B S T R A C T   

Intensive and worldwide usage of conventional pesticides on arable land has led to varying problems for the 
environment and human health. Consequently, many governments and several private actors actively stimulate 
reduction of pesticide use. This paper focuses on the effectiveness of public and private policy instruments in 
terms of reducing pesticide use by farmers via a systematic literature review of 78 articles published between 
1967 and 2017. The geographical focus area was Europe. The review determined that no specific instrument is 
guaranteed to reduce pesticide use. Instead, characteristics comprising an instrument were confirmed to be 
beneficial to reducing pesticide use. In particular, mixes of instruments, with varying degrees of authoritative 
force, applied at multiple scales with stakeholder collaboration were identified as beneficial to reducing farmer 
pesticide use. It is implied within the literature that instruments comprised of such characteristics aid reducing 
pesticide use due to facilitating consideration of heterogeneous farm and farmer characteristics.   

1. Introduction 

In the last 50 years, the problems and risks that conventional pesti
cide usage has posed to the environment via soil and water contami
nation and the presence of carcinogenic chemicals has led to global steps 
to reduce and regulate their use (Skevas et al., 2013; Barzman et al., 
2015; Handford et al., 2015; Damalas, 2016; Lamichhane et al., 2016a; 
Kim et al., 2017). Alternative forms of more sustainable crop protection 
have been developed to guarantee food security whilst reducing nega
tive impacts on health and environment - among other things by pro
moting biological controls, technologies such as precision agriculture, or 
more holistic approaches such as Integrated Pest Management (IPM) 
(Karuppuchamy and Venugopal, 2016; Lamichhane et al., 2016a, 
2017a; Lamichhane, 2017). Despite the development and promotion of 
alternative methods, barriers to reducing conventional pesticide use 
persist, including a lack of knowledge of alternative methods, a lack of 
funds, labour, time and tools and concerns over crop yield productivity 
and profitability (Van Eerdt et al., 2014; Lefebvre et al., 2015; Birch 
et al., 2016; Lamichhane et al., 2016b; Doonan, 2017). As a 

consequence, pesticide use reduction will not emerge spontaneously. 
To stimulate farmers to reduce conventional pesticide use, govern

ments have employed a variety of public policy instruments such as legal 
prescriptions (maximum doses or even bans of particular chemicals), 
taxes and subsidies. Private actors (food processors, retailers etc.) have 
employed a variety of private policy instruments such as premiums, 
knowledge transfer, technical assistance. This paper focuses on public 
and private policy instruments, which in this context are defined as the 
set of techniques by which behavioural change among a particular target 
group, in this case farmers, is pursued (cf. Mickwitz, 2003; Bemel
mans-Videc et al., 2011; Salazar-Morales, 2017; Giomi et al., 2018). 

Research on policies for promoting reduction of pesticide use has 
been conducted for over 25 years (e.g. Falconer, 1998; Oskam et al., 
1997), often focusing on economic based instruments such as incentives 
and taxation (e.g. Brewer and Goodell, 2012; B€ocker and Finger, 2016; 
Finger et al., 2017). While providing valuable insights, these studies 
neither provide much insight into the relative effectiveness between the 
variety of different instruments, nor into which combinations of in
struments are more likely to reduce pesticide use. Whilst the benefits of 
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some instrument characteristics are well established, others are debated. 
For example, instrument mixes, incentivising instruments (carrots) and 
a clear instrument aim and target have been established in aiding 
achievement of a desired policy goal (Howlett, 2004, 2009; Bemel
mans-Videc et al., 2011; Kohoutek, 2014). 

Debate is still identified in areas including the level at which an in
strument is applied and those who are involved in an instruments’ 
application. Whilst instruments applied at national level are argued to 
encompass larger pesticide usage, it has been questioned whether they 
adequately consider differences in farmer attitude, topography or 
climate which impact pesticide usage (Skevas et al., 2013; Liefferink 
et al., 2014). 

Recent literary attention has focused on the importance of interac
tive and self-governance arrangements with the inclusion of private 
actors for altering pesticide use due to farmer reliance on markets and 
the increase of accountability (Howlett, 2009; Mayer and Gereffi, 2010; 
Barzman et al., 2015). However, Lamicchane and Mess�ean (2016) 
question whether retailers are a constraint to promoting alternative 
approaches to conventional pesticide use due to their high standards. 
Other scholars maintain the essential nature of public actors in cen
tralised arrangements to prevent disorganisation found in the interplay 
of multiple actors and the absence of an environmental focus in the 
profit maximising nature of private actors (Thorlakson et al., 2018; 
Hellstr€om and Jacob, 2017). 

This paper aims to contribute to the above knowledge gaps by 
providing an overview, via a systematic literature review, of a variety of 
different instruments which may aid pesticide use reduction in arable 
land (by comparison to a determined benchmark) and ascertaining the 
benefits of certain instrument characteristics to this. The geographical 
scope was limited to Europe to account for the influence of state of 
development on pesticide use (see e.g. Sugavanam, 1996) as well as 
potential influences of European food quality standards and the use of 
pesticides in food exporting countries from other continents (Okello and 
Okello, 2010; Lechenet et al., 2017), both of which can influence the 
effectiveness of instruments that promote reduction of pesticide use. 
Furthermore, it considers the varying national scale policy initiatives 
and corresponding instruments within EU countries’ national action 
plans to reduce pesticide reliance (e.g. French and Danish policy efforts) 
(Falconer, 1998; Liebman et al., 2016; Hossard et al., 2017; Lechenet 
et al., 2017). Arable land is defined as that utilised to grow crops, 
including glasshouse horticulture, tree and flower cultivation and 
open-air horticulture (Eurostat, 2017). 

2. Theoretical framework 

2.1. Dependent variable 

In the current study, we position effectiveness as the dependent 
variable. We conceptualise effectiveness as the capability of a policy 
instrument to achieve the outcome of a degree of farm reduction of 
conventional pesticide use, whether or not due to the utilisation of 
alternative methods to protect their crops from pests and diseases (e.g. 
crop rotation, hygiene, biological measures) (Barzman et al., 2015; 
Giomi et al., 2018). Conventional pesticides are those synthesised by 
agrochemical companies (Lamichhane et al., 2016a). 

Merely studying pesticide use is sometimes critiqued for not being a 
guarantee of lessening the risks of eventual environmental impact 
(Peshin et al., 2009; Barzman and Dachbrodt-Saaydeh, 2011; M€ohring 
et al., 2019). Reduction can be further specified according to volume, 
treatment frequency index or toxicity but these go beyond the purpose of 
our paper (Oskam et al., 1997; M€ohring et al., 2019; Lechenet et al., 
2017). In this instance, reduction is utilised to indicate the general 
progression to effectiveness and in order to have a measure that can be 
used to compare studies in a relatively unambiguous way (Peshin et al., 
2009; Skevas et al., 2012; Barzman et al., 2015; Giomi et al., 2018). 

2.2. Independent variable 

Public and private policy instruments and their combinations form 
the independent variable in the literature review conducted here. To 
achieve effectiveness, instruments should be intentionally selected and 
designed for the situation in which they are applied (Schneider and 
Sidney, 2009; Chindarkar et al., 2017). 

There is a rich body of literature on policy instruments. In policy 
scientific literature, usually a distinction is made between three types of 
policy instruments: legal or regulatory instruments, economic in
struments, and communicative or informational instruments (e.g. Hood, 
1983; Vedung, 1998; Brukas and Salln€as, 2012). As Mees et al. (2014: 2) 
explain, “Each type is based on a different rationale regarding the way actors 
are steered: by restricting or allowing behavioural options (legal instruments), 
by changing the cost-to-benefit ratios of these options (economic in
struments), or by informing about options (communication instruments)”. 
This categorisation of policy instruments also applies to private policy 
instruments (Runhaar, 2016). 

In this paper we employ a more detailed categorisation and char
acterisation of policy instrument in order to know more about ‘what 
works’ (cf. Runhaar, 2016). Based on the literature, we identify five 
characteristics that comprise an instrument and that can facilitate or 
hinder their effectiveness (based on Schneider and Ingram, 1997; 
Howlett, 2014). The first characteristic regards an instruments’ aim: 
clear aims enhance effectiveness (Howlett, 2009; Stallman and James, 
2017). 

The second characteristic is the spatial orientation of an instrument – 
i.e. country, spatial scale and/or farm specific (Tey et al., 2014; Stallman 
and James, 2017). The broader the geographical coverage of an in
struments’ application, the greater the scale of pesticide use targeted 
(Liefferink et al., 2014). Similarly, an instrument must also achieve 
wider social acceptance across potentially heterogeneous landscapes to 
generate behaviour change (Waterfield and Zilberman, 2012; Lefebvre 
et al., 2015). 

The third characteristic is who (which actors) are involved in an 
instrument. This refers to: (i) who is targeted; (ii) who is leading the 
application of the instrument; (iii) the governance arrangement utilised. 
Potential actors include governmental, market and civil society repre
sentatives, interacting in different ways (hierarchical, on an even basis 
or rather independent) (Driessen et al., 2012; Runhaar, 2016). Actor 
configurations often have a set of preferred instruments (Howlett, 2009; 
Driessen et al., 2012). 

A fourth characteristic is what key strategy is used: what resources 
are employed to promote behavioural change? Strategies commonly 
identified within environmental governance literature are regulatory, 
organisational, economic and informative strategies (Hood, 2007). 
Regulatory resources utilise authority from government legal power and 
other obligatory mechanisms to restrict or permit certain behaviours 
(Weber et al., 2011). Organisational resources utilise structural change 
via government staff and organisations to alter existing procedures of 
agricultural sectors (Howlett, 2009; Runhaar, 2016). Economic re
sources influence actions through provision of incentives or disincen
tives (Borr�as and Edquist, 2013). Information resources use 
communicative or knowledge tools to influence voluntary action. 
(Hood, 2007; Howlett, 2009). 

The last characteristic refers to how an instrument is applied. This 
relates to whether the instrument is applied singularly, in conjunction 
with another instrument and the time frame for which it is applied. 
Single instrument application is perceived to generate fewer effective 
outcomes than those operating in a reinforcing mix (Howlett, 2009; 
Kohoutek, 2014). Some instruments are more effective in the short term 
than others (e.g. bans as opposed to taxes) (Skevas et al., 2013). 

2.3. Situational and contextual factors influencing effectiveness 

The effectiveness of policy instruments depends on a variety of 
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factors that influence or mediate the ways in, and extent to which in
struments affect pesticide use. According to Runhaar et al. (2017), 
behavioural change by farmers depends on the extent to which farmers 
are (i) enabled, (ii) legitimised, (iii) demanded and (iv) motivated to 
change their behaviour towards the desired policy goals. The presence 
or absence of these four factors partly is a given, and partly can be 
provided by instruments. The first factor relates to ability, such as time, 
skills, information or resources farmers should possess to reduce their 
pesticide use aided by information or economic instruments (Timprasert 
et al., 2014; Tey et al., 2014; Wyckhuys et al., 2018; Runhaar et al., 
2017). Employing alternative crop protection methods is more time, 
labour, information and knowledge intensive than conventional farming 
systems (Beckmann and Wesseler, 2003; Lefebvre et al., 2015). 

The second factor relates to whether or not using or reducing pesti
cide use and its consequences is legitimised, supported or accepted by 
legal or social norms (Feola and Binder, 2010; Hall et al., 2015; Runhaar 
et al., 2017). Legitimacy can be enhanced by instruments such as cov
enants or interactive governance arrangements (Bouwma et al., 2015). 

The third factor is whether or not farmers are directly or indirectly 
requested to reduce pesticide use, in a negative way (e.g. NGO cam
paigns) or in a positive way (e.g. a consumer demand for pesticide-free 
food). The greater the demand and coercion an instrument provides, the 
more actors must comply and reduce their pesticide use (Le Dang et al., 
2014; Runhaar et al., 2017). In the instance of reducing pesticide use, 
demand can be influenced by formal requirements and regulations, 
consumer awareness and market pressure (Runhaar et al., 2017). 

The fourth factor is willingness to change pesticide use and adopt 
alternative farming practices, which can originate from an intrinsic 
motivation or an extrinsic one (commercial opportunities for instance). 

The four factors are interrelated. For example, the presence of ability 
can often enhance farmer motivation to reduce their pesticide use as 
seen in an example of types of land tenures (Runhaar et al., 2017). 
Farmers who are not in ownership of the farm are less likely and less able 
to switch to IPM (Wilson and Tisdell, 2001; Nave et al., 2013). Due to an 
absence of long term connection with the land, they are less willing and 
less able to invest long term in soil and plant health to enable IPM. 
Accordingly, changes in tenure periods or compensatory instruments 
such as subsides may be helpful to overcome this barrier (Wilson and 
Tisdell, 2001; Nave et al., 2013; Ahnstr€om et al., 2009). 

Other factors that influence the effectiveness of an instrument are 
user group characteristics, in this case farmer and farm characteristics 
(Howlett and Rayner, 2013; B€ocker and Finger, 2016; Giomi et al., 
2018). Farm aspects such as size and cultivation type may influence 
pesticide use. For example, farm types like monoculture or flower 
cultivation have little variation in resistance genes which makes these 
more susceptible to pest colonisation (Raseduzzaman and Jensen, 2017; 
Stenberg, 2017). Farmer aspects such as existing farmer attitude may 
also influence pesticide use. These attitudes may for example influence 
management styles – such as environmental stewards, production 
maximisers or network entrepreneurs (Brodt et al., 2006; Edward-Jones, 
2006). Aspects such as farmer tenure, income reliance, existing knowl
edge and resources may further impact pesticide use (Wilson and Tisdell, 
2001; Timprasert et al., 2014; Tey et al., 2014; Lamichhane et al., 
2017b). For example; farmers who rely on their farms for 50% or less of 
their income may need greater regulatory or information-based in
struments to stimulate use of IPM. Some authors suggest considering 
farm and farmer characteristics in an instruments’ design in order to 
enhance its effectiveness (Manner and Gowdy, 2010). For instance, 
farmers with little knowledge about IPM and lack of resources may 
require information and economic based instruments such as training 
and subsidies to overcome this barrier (Tey et al., 2014). 

Fig. 1 illustrates the relationship between the discussed factors. 

3. Methodology 

The research approach included a systematic literature review of 
scientific, peer reviewed papers that reported on the use of policy in
struments surrounding pesticides with explicit mention of IPM as a 
sustainable crop protection practice. The sustainable protection practice 
of IPM was a necessary element due to the European focus of the paper 
and the mandatory implementation of the practice by all professional 
users of pesticides. The papers were selected with a geographical 
delineation of a European or developed country (due to higher likeli
hood of corresponding instruments and exogenous characteristics with 
Europe). Firstly, theoretical literature on pesticide use and environ
mental policy instruments was considered [step A]. This developed a 
framework for analysis of effective instruments and the influence of 
external factors [B]. This framework was applied via coding to 78 

Fig. 1. Relationship between research variables – not all relationships are measured in this paper.  
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selected papers with 235 reports of instruments [C]. These papers were 
identified through application of a devised search string and selection 
criteria from Scopus (1967–2017). The selected papers were carefully 
read and coded (see Annex 2) by the first author, in order to guarantee 
consistency in coding. From this, an evaluation of instruments for 
reducing pesticide use was conducted by identifying how these in
struments addressed the factors influencing (in)-effectiveness [D]. This 
enabled identification of which instruments could stimulate pesticide 
use reduction [E]. Fig. 2 provides an overview of the research steps [A 
through E] taken. Annex 1 details the steps taken for compiling a literary 
database. Annex 2 gives the formation and application of the applied 
analytical framework. 

The dependent variable – i.e. effectiveness – was coded as follows:  

� Effective - an instrument achieved a degree of pesticide use reduction 
at farm level;  
� Partially effective – whereby an instrument has prompted uptake of 

alternative forms of crop protection but has not led to pesticide use 
reduction at farm level (either because it could not be detected in the 
study for various reasons or because the need for pesticide use 
remained);  
� Ineffective – pesticide use has not reduced at farm level.  

Annex 2. provides some quotes that are illustrative of how reports 
were coded in terms of effectiveness. 

4. Results 

4.1. Overview of instruments reported in the literature 

Over time, an increasing number of papers regarding instruments for 
reducing pesticide use have been published, particularly post 2009 (e.g. 
Trevisan et al., 2009; Skevas et al., 2012; Dong et al., 2017). Such a 
pattern could indicate increased concern surrounding pesticide use but 
may also reflect the introduction of the EU Directive on Sustainable Use 
of Pesticides 2009/128/EC in 2009 (EC, 2009). From the papers 
reviewed, countries with the greatest scholarly attention included the 
Netherlands (19%), the UK, France, and Denmark (all 12%) (e.g. Van der 
Vlist, 2007; Barzman and Dachbrodt-Saaydeh, 2011; Cross, 2013; 
Deli�ere et al., 2015; Hossard et al., 2017). 

Within the review, 235 policy instrument reports were identified. 
Table 1 provides an overview of the main characteristics identified for 
each instrument. Taxes (17%), prescriptions (15%), subsidies (14%) and 
advisory services (14%) were the most commonly identified instruments 
in the review. 

4.2. Reported effectiveness 

Below we present the results of our analysis of scientific, empirical 
evaluations of instruments that aim at reducing pesticide use, organised 
round the characteristics of instruments discussed in Section 2. We then 
report on factors beneficial to effectiveness. 

Fig. 2. Methodological framework.  
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4.2.1. Pesticide use reduction in relation to which instrument is applied 
Identification of single instrument application was reported 104 

times. The instrument least employed singularly (penalties – one report) 
is relatively the most effective at achieving a pesticide use reduction. 
However, with an absence of consolidating reports, this result may not 
be representative of reality. Generally, information based instruments 
were indicated to achieve the largest relative proportion of effective 
outcomes, namely training or advisory services which achieved a degree 
of pesticide use reduction in 60% and 45% respectively of reviewed 
reports (Bruce, 2016; Trevisan et al., 2009; Barzman and 
Dachbrodt-Saaydeh, 2011). The comparative success was due to the 
provision of knowledge on alternative crop protection practices, pre
venting the exacerbation of application of alternative toxic substances 
(Zilberman and Millock, 1997; Davis et al., 2014; Pedersen et al., 2012). 
For example, in Australia chemicals such as metribuzin and S-metola
chlor which are found to exhibit higher toxicities to freshwater species 
than those highly regulated substances such as atrazine for which they 
are substituting (Davis et al., 2014). This unintended effect of strict 
regulation was recently reiterated in a communication by Finger (2018). 

In mixes of two instruments (84 reports), two particular resources 
combinations were indicated to be beneficial for effectiveness in terms 
of contributing to reduction of pesticide use. 

For economic and regulatory resource based combinations, two 
mixes of instruments were identified as effective. Firstly, covenants and 
subsidies, mainly identified in France and Germany were reported to 
result in reduced pesticide use in 80% of reviewed reports (Kuhfuss 
et al., 2016; Heinz, 2002; Primdhal et al., 2003). Shared agreements 
were formulated according to agreed environmental practices. The 
subsequent provision of funds accounted for the barrier of perceived 
administrative burdens. Secondly, prescriptions and subsidies in Swe
den, Switzerland – which achieved a reduction in pesticide use of 11.6% 
between 2000 and 2005 (Freier and Boller, 2009) – and Denmark were 
reported to result in reduced pesticide use in 100% of reviewed reports. 
The subsidies acted as incentive to comply to regulations. As seen in 
Denmark, they covered up to 80% of the incurred costs of the pre
scription requirements (Barzman and Dachbrodt-Saaydeh, 2011). 

For regulatory and informative resource based combinations, the 
most effective instrument mix was reported as prescriptions and 

Table 1 
Main patterns in policy instrument characteristics. ‘n/a’ denotes an absence of information in the reviewed literature. Single/Mixed: standalone instrument of 
combined with other (mixed).  

Which How Where What Who  

Governance 
resource 

Policy 
Instrument 

Description Carrot/ 
Stick 

Time 
frame 

Single/ 
mixed 

Targeted/ 
set level 

Arable 
subsector 

Aim Targeted 
actor 

Leading 
actor 

No. of 
reports 

Regulatory Prescription Laws authoritatively put 
forward (e.g. pesticide 
registration/setting of 
pesticide standard 
levels. 

Stick Long Single National ’n/a’ Environment Farmers National 
Govt. 

35 

Covenants Stakeholder 
gentlemen’s agreement 
on agreed actions of 
pesticide use. 

Carrot Long Mixed National/ 
Farm 

’n/a’ Environment Farmers National 
Govt./ 
Farmers 

7 

Bans Constraining the use of 
certain substances. 

Stick Long Single National ’n/a’ Environment Farmers National 
Govt. 

21 

Zoning Spatial division and 
restrictions on inputs 
depending on the 
surrounding 
environment (e.g. 
proximity to nature 
reserves). 

Stick ’n/a’ Mixed National ’n/a’ Environment Farmers National 
Govt. 

4 

Monitoring Enforced supervision to 
ensure appropriate 
actions are occurring. 

Stick Long Mixed National ’n/a’ Environment Farmers National 
Govt. 

13 

Penalties Financially penalized for 
breaking laws on 
pesticide use. 

Stick Long Mixed Sector 
specific 

Open air Environment Farmers National 
Govt. 

3 

Economic Subsidies Compensating an 
individual for actions 
relating to the reduction 
of pesticide use. 

Carrot Long Mixed/ 
Single 

National ’n/a’ Environment Farmers National 
Govt. 

32 

Taxes A financial charge on the 
purchase of pesticide 
units. 

Stick Long Single National ‘n/a’ Environment Farmers National 
Govt. 

41 

Informative Certification Communication on 
chemical use for a 
product. 

Carrot Long Single National ’n/a’ Environment Farmers/ 
Consumer 

Private 
companies 

17 

Training Sharing and imparting 
of knowledge and 
practices to reduce 
pesticide use. 

Carrot Long Mixed National ’n/a’ Environment Farmers National 
Govt. 

28 

Advisory 
Services 

The voluntary sharing of 
information and support 
to aid and improve 
decisions on pesticide 
use. 

Carrot Long Mixed Farm ’n/a’ Environment Farmers Private 
companies 

33 

Information 
campaign 

The biased provision of 
information to change 
opinions on pesticide 
use. 

Stick ’n/a’ Single ’n/a’ Vines Social Farmers National 
Govt. 

1  
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advisory services (resulted in reduced pesticide use in 100% of reviewed 
reports) identified in the Netherlands, Germany, France and the UK 
(Barzman and Dachbrodt-Saaydeh, 2011; Peshin et al., 2009; Deli�ere 
et al., 2015). The prescriptions could be reinforced through stakeholders 
co-constructing solutions through monitoring, advice and adjustments 
(Barzman and Dachbrodt-Saaydeh, 2011). Such advisory services can be 
identified as the “Mildium decision support system” in France or “Telen 
met Toekomst” in the Netherlands (Barzman and Dachbrodt-Saaydeh, 
2011; Deli�ere et al., 2015). 

In mixes of three of more instruments (47 reports), a combination of 
economic, informative and regulatory resource based instruments was 
effective. This comprised of prescriptions, monitoring, taxes, training 
and advisory services (resulted in a reduced pesticide use in 100% of 
reviewed reports) applied in Denmark and Sweden (Peshin et al., 2009; 
Lefebvre et al., 2015; Liebman et al., 2016; Jacquet et al., 2011). The 
concept of the mix is taxation providing the funds for the cohesive 
application of the remaining instruments. By returning tax revenues to 
farmers through decreased land tax, the instrument maintained the 
economic viability of farming (Peshin et al., 2009; Liebman et al., 2016). 

The identified effective mixes illustrates the necessity for both high 
and low degrees of authoritative force in instrument application. The 
benefit of including regulatory based instruments within a mix consol
idates arguments of the importance of creating demand for farmer 
behaviour change (Saint-Ges and B�elis-Bergouignan, 2009; Stavins, 
2003). Whilst ‘carrots’ are important for behaviour change, the ‘sticks’ 
should not be undervalued (Lefebvre et al., 2015; Peshin et al., 2009). 

Whilst the results indicate the effectiveness of these instrument 
mixes, the impact of further characteristics, specific to the instruments 
should not be forgotten. Unfortunately, due to an absence of data in the 
literature, the impact of these characteristics such as subsidy quantity, 

tax rate, level of monitoring was difficult to determine and conclude. Its 
impact was observed, for example, in France, where the Ecophyto na
tional action plan utilised a highly similar principle to that identified in 
Sweden and Denmark - taxation providing the funds for the cohesive 
application of the remaining instruments. A lower tax rate in France led 
to an ineffective outcome (Hossard et al., 2017). 

4.2.2. Pesticide use reduction in relation to how the instrument is applied 
A key message is the importance of applying an instrument mix for 

effective results. This is demonstrated by single instrument application 
resulting in 31%, a two-instrument mix resulting in 45% and a three plus 
instrument mix resulting in 64% of reviewed reports where a reduction 
of pesticide use was noted (Fig. 3). This consolidates the theoretical 
arguments of Howlett (2004), Feola and Binder (2010) and Skevas et al. 
(2013), who previously stated the importance of an instrument mix. 
Exceptions such as bans, subsidies and certification (seen in Fig. 3), 
where single instrument application is proportionally more effective 
than a mix can be explained in several ways. Firstly, the more in
struments in a mix, the less data identified in the literature reviewed. 
Therefore, the more ‘effective’ results seen in single instrument appli
cation regarding these instruments may not always be representative. 
For example, subsidies were only identified once as part of a three or 
more instrument mix (Rudow, 2014). Secondly, when two or more in
struments were applied in a mix, it was noted that if the instruments 
utilised the same resource, it was not always beneficial to pesticide use 
reduction due to the absence of certain characteristics. For example, 
instrument mixes of information based instruments of training and 
certification did not have the characteristics of both high and low de
grees of authoritative force stated above as beneficial for creating farmer 
behaviour change (Lefebvre et al., 2015; Reus and Leendertse, 2000; 

Fig. 3. Instrument outcomes according to how they were applied. A - single instrument application (104 reports); B - two instrument mix (84 reports); C - three or 
more instrument mix (47 reports). 
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Dong et al., 2017). 
With the exception of subsidies, the time frame of the instrument was 

not indicated to impact effectiveness. Due to subsidies’ often short term 
nature, behaviour change was stated to be unsustainable (Papada
ki-Klavdianou et al., 2000; Jansma et al., 1993). This partially corrob
orates arguments where behaviour change is more stable the longer an 
instruments’ application (Lokhorst et al., 2011). 

4.2.3. Pesticide use reduction in relation to who is involved in an 
instruments’ application 

Multi-stakeholder actor involvement in leading the application of an 
instrument seems beneficial to a reducing pesticide use (e.g. Heinz, 
2002; Kuhfuss et al., 2016; Van Kasteren, 2012). In particular, stake
holders representing government, farmers, researchers and markets 
allowed the creation of targeted yet realistic instruments, contributing 
to effective outcomes (e.g. Brewer and Goodell, 2012; Barzman and 
Dachbrodt-Saaydeh, 2011; Deli�ere et al., 2015). Interactive governance 
arrangements, to account for actors both in the public and private 
sphere, were frequently identified as beneficial to effective outcomes - 
particularly when the central state presented predetermined boundaries 
for the interaction (e.g. Barzman and Dachbrodt-Saaydeh, 2011; Jacquet 
et al., 2011; Slabe-Erker et al., 2017). Interactivity consolidates the ar
guments that public and private actors work best in tandem, not just 
singularly, with retained necessity of national governments (Chindarkar 
et al., 2017; Howlett, 2009). 

Sole use of governmental actors and a centralised governance 
arrangement, frequently observed in single instrument application of 
bans, prescriptions and taxes was implied to lead to farmer exclusion 
and dissent with the policy process, alongside the inability to provide 
relevant instruments and/or targets (e.g. Papadaki-Klavdianou et al., 
2000; Skevas et al., 2012; Archer and Shogren, 2001). Meanwhile, a 
self-governance arrangement and the use of autonomous private actors 
also contributed to absence of pesticide use reduction due to inadequate 
demand for farmers to alter their practices (e.g. Goldsworthy, 2007; 
Reus and Leendertse, 2000). This calls to question the previous argu
ments of Barzman et al. (2015) who argued for an increased role of 
private actors in leading an instrument application. It adds a new 
dimension to the argument of Lamichhane and Mess�ean (2016) who 
questioned whether private actor involvement was counter productive 
to pesticide use reduction. 

4.2.4. Pesticide use reduction in relation to where an instrument is applied 
The spatial scale in which an instrument is applied is indicated to 

impact effectiveness. A solely national level application, frequently 
observed in single economic and regulatory based instrument applica
tions – appears linked to an absence of pesticide use reduction (e.g. 
Cross, 2013; Davis et al., 2014; Trevisan et al., 2009). A more localised, 
farm or regional level instrument application was employed more in 
information-based instruments, which achieved a relatively larger pro
portion of a reduction in pesticide use (e.g. Bruce, 2016; Levitan, 2000). 
Instrument application occurring at multiple and interacting levels is 
also conducive to success (e.g. Van den Berg and van Lamoen, 2008; 
Barzman and Dachbrodt-Saaydeh, 2011; Van Kasteren, 2012; Deli�ere 
et al., 2015). It is indicated that whilst such local application allows the 
heterogeneity of farm and farmer characteristics to be considered to a 
greater extent, national level considers the necessity for behaviour 
change and pesticide use reduction at a broad scale. 

The Netherlands, the UK and Denmark received the highest levels of 
reports of reducing pesticide use (e.g. Van der Vlist, 2007; Liebman 
et al., 2016; Lefebvre et al., 2015; Cross, 2013; Hillocks, 2012), poten
tially reflecting that regulatory based instruments or taxes more 
commonly applied here have a larger capability for effectiveness (e.g. 
Van Kasteren, 2012; B€ocker and Finger, 2016). It could also reflect that 
these countries received some of the highest instances of literary 
attention. 

The specification of arable land type in which the instruments were 

applied was rarely noted within the literature despite pesticide use 
differing per sector. In the reviewed studies, it is indicated that such 
specification of instruments according to farm type can achieve effective 
outcomes (e.g. Kuhfuss et al., 2016; Van der Vlist, 2007; Cross, 2013; 
Saint-Ges and B�elis Bergouignan, 2009). 

4.2.5. Pesticide use reduction in relation to what an instruments’ aim is 
The coupling of social, environmental and economic aims within an 

instrument mix is viewed to be beneficial to reducing pesticide use (e.g. 
Falconer and Hodge, 2001; Archer and Shogren, 2001; Barzman and 
Dachbrodt-Saaydeh, 2011). A multiple aim may appropriately consider 
the varying reasons why farmers do not desire to alter their practices (e. 
g. Jacquet et al., 2011; Peshin et al., 2009; Van Kasteren, 2012). 

4.3. The influence of situational and contextual factors on instrument 
effectiveness 

In Section 2.3 we identified two (partly related) categories of factors 
that influence or mediate the extent to which instruments successfully 
contribute to pesticide use reduction. Firstly, the extent to which farmers 
are enabled, demanded, legitimised and motivated to change their 
behaviour. Secondly the extent to which user group characteristics are 
sufficiently addressed. 

Regarding the first category of factors, we found that their presence 
or absence were reported to influence pesticide use reduction. In inef
fective reports, these factors were either absent or few were present. In 
contrast, in reports of effective outcomes, the larger the presence of 
these factors for success. For instance, in the effective mixes of pre
scriptions and advisory services and prescriptions, monitoring, taxes, 
training and advisory services, all four factors for success were identified 
as present. Thus, the effectiveness of instruments and their mixes in 
terms of reducing pesticide use seems related to the extent to which 
farmers are enabled, demanded, legitimised and motivated to change 
their behaviour. Instruments and mixes can provide for these factors – 
for instance, advisory services can provide knowledge (‘enable’) and 
some social pressure (‘demand’) but also provide space for dialogue and 
mutual understanding (‘legitimacy’). However, other literature has 
shown that farmers’ ability to adopt more sustainable farming practices 
(including but not limited to pesticide use reduction) is substantially 
limited by outside factors and actors, including requirements set, and 
prices paid by, other companies in agri-food industry (Schoonhoven and 
Runhaar, 2018). This underlines that reducing pesticide use is not al
ways a free choice and that multiple instruments, by public and private 
actors, will often be needed for effective steering towards pesticide use 
reductions. 

Regarding the second category of factors, within the literature, the 
presence or absence of tailoring to farm or farmer characteristics and the 
subsequent impact on effectiveness was rarely made explicit. 

The absence of consideration of farm characteristics was indicated to 
contribute to observed ineffective outcomes. For example, whilst flower 
farms were responsive to prescriptions, vegetable production based 
farms were not (Van der Vlist, 2007). Or, by not tailoring the in
struments to farm size, only smaller farms would be inclined to reduce 
their pesticide use as a result of taxes (Skevas et al., 2012). 

Tailoring to farmer characteristics was indicated to contribute to 
effectiveness. The failure of taxes to consider the dominance of pro
duction maximiser attitudes in farmers was a hindrance to the single 
application of taxes (Pedersen et al., 2012; Jansma et al., 1993; Hossard 
et al., 2017). In contrast, the presence of consideration to such an atti
tude in the use of subsidies contributed to effective outcomes (Kleijn and 
Sutherland, 2003; Kuhfuss et al., 2016). The absence of consideration of 
farmer knowledge was indicated to contribute to ineffective outcomes, 
particularly in the single application of bans and prescriptions (e.g. 
Zilberman and Millock, 1997; Davis et al., 2014; Papadaki-Klavdianou 
et al., 2000; Jansma et al., 1993). 

Despite limited information, as the above results indicate, 
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consideration of these external characteristics is important for effective 
outcomes. The presence of effective results in certain instrument and 
instrument mixes suggests that such characteristics are appropriately 
considered by the presence of the instrument characteristics confirmed 
as beneficial to effectiveness. 

5. Discussion 

5.1. Methodological reflections 

Despite methodological attempts to minimise the bias of this study, 
two issues, regarding its reliability and validity can be identified as 
limitations to the conclusions reached. In terms of reliability (i.e. the 
extent to which results are replicable; Golafshani, 2003) a potential 
publication bias was present. The search for relevant papers in the sys
tematic literature review was restricted to only peer-reviewed published 
papers in English from one database – Scopus. While this was a delib
erate choice in order to secure a minimum level of scientific quality of 
the studies included in the analysis, it increased the likelihood that other 
relevant studies were omitted from the systematic literature review 
process which can impact the results observed (Bramer et al., 2017; 
Haddaway et al., 2015). Omission of potentially relevant articles also 
occurred as, despite being an ongoing research area, articles after 2017 
are not included to maintain research consistency (e.g. Finger, 2018; 
Kudsk et al., 2018). Grey literature, which is also stated to impact 
observed outcomes, was not included (e.g. Leimu and Koricheva, 2005; 
Pullin and Stewart, 2006). In addition, our study is reliant on the reli
ability of the research design of others. 

In terms of validity (i.e. the extent to which the measurements were 
accurate; Golafshani, 2003), we realise that in our coding of articles for 
effectiveness some interpretation bias is possible. By restricting our
selves to a simple operationalisation of effectiveness we hope to have 
avoided this as much as possible, allowing comparability between 
varying countries and timescales in our analysis. The flipside of the coin 
is that our analysis, by only studying outcomes, not impacts, does not 
allow for conclusions regarding the ecological or health effects of the 
instruments included in our analysis (M€ohring et al., 2019). It is possible 
that, if effectiveness was defined in a different manner (i.e. volume or 
treatment frequency, see dependent variable), conclusions about effec
tiveness of policy instruments may shift. Utilising such an alternative 
definition could be interesting for future research. 

Additionally, as a meta-analysis of previous studies, this paper does 
not contain a country or arable sub-sector specific perspective. Further 
research could be beneficial to explore in more detail what operation
alisations of policy instruments contribute to their effectiveness, next to 
the resources we analysed. Suggested focus includes the Netherlands, 
UK, France and Denmark (whose scheme is currently undergoing eval
uation) – countries which had the highest numbers of effective reports. 

5.2. Theoretical implications 

Following the work of Howlett (2009) on policy instruments, we 
expected to find organisation-based instruments in the literature studied 
- next to economic, informational and regulation-based policy in
struments. However, in the literature reviewed here, we did not recog
nise organisation-based instruments. This could be a result of our 
methodological choices such as the exclusion of grey literature from 
analysis. It also might reflect that this type of policy instrument is rarely 
applied in practice or that this type of policy instrument is relatively 
under-explored in agricultural policy analyses. We therefore suggest 
that organisation-based instruments would benefit from more analytical 
attention. For example, by means of providing more characteristics how 
it can be identified and distinguished from the other types of policy 
instruments and by providing more empirical examples. 

From our analysis we conclude that there is no definite answer to 
which instrument mix can achieve effective outcomes. This consolidates 

the work of Borr�as and Edquist (2013), who determine that there are no 
optimal policy instruments or mixes for a purpose. From the analysis it is 
indicated that certain instrument characteristics are beneficial to effec
tiveness. Six beneficial characteristics, synthesised from the above dis
cussion, can be formulated (Table 2). These are points previously made 
within the literature and are confirmed by this analysis. It should be 
stated that these are generally favourable – in specific situations obvi
ously exceptions do exist because of the presence or absence of factors 
discussed in Section 4.3. 

In conclusion, four instrument mixes were reported from the review 
as beneficial to reducing pesticide use; covenants and subsides; pre
scriptions and subsidies; prescriptions and advisory services; pre
scriptions, monitoring, taxes, training and advisory services. Ineffective 
reports were frequently identified regarding the sole use of regulatory 
based instruments, namely bans and prescriptions. The effective 
outcome of reducing pesticide use in the identified mixes is implied in 
these results to have been aided by the presence of six beneficial in
strument characteristics which clarifies the findings from previous 
research. The presence of these characteristics is indicated as consid
ering the mediating situational and contextual factors which can also 
impact the outcome of pesticide use reduction. Therefore, the extent to 
which farmers are motivated, enabled, legitimised and motivated to 
change their behaviour alongside consideration of user group charac
teristics seems related to farmers altering their pesticide use. Despite 
policy instrument effectiveness being situation specific, general obser
vations for the achievement of effective outcomes can be identified 
including the importance of instrument mixes as opposed to single in
struments, the necessity of an interactive and multi-stakeholder 
approach and the ability for instruments to be applied at multiple levels. 

For the future, the focus should not be on understanding how policy 
instruments target individuals or specific actor groups alone, as often 
targeted practices do not only depend on individual actions and de
cisions but are shaped by wider context (Schoonhoven and Runhaar, 
2018). In the case of sustainable agriculture that would mean under
standing how policy instrument mixes may engage with the context of 
agricultural practices. For example, understanding the economic context 
shaped by actors’ groups from the value chain; understanding the social 
context shaped by social networks around farmers and discourse influ
encing groups such as green NGO’s and interest groups; and under
standing the innovation context largely shaped by the interaction with 
knowledge institutes. 
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Table 2 
Confirmation of beneficial instrument characteristics for reducing pesticide use 
derived from the literature review.  

1. Instruments applied in mix, comprised on instruments from regulatory, 
economic and informative governance resources are beneficial to reducing 
pesticide use. 

2. Instruments applied in mix, comprised of both incentivising and discouraging 
instruments (carrots and sticks), are beneficial to reducing pesticide use. 

3. Instruments led through a multi-stakeholder approach are beneficial to reducing 
pesticide use. 

4. Instruments applied in an interactive governance arrangement, within pre- 
determined boundaries, are beneficial to reducing pesticide use. 

5. Instruments applied at multiple and interacting levels (from national to farm) 
are beneficial to reducing pesticide use. 

6. Instruments with an environmental, social and economic aim are beneficial to 
reducing pesticide use.  
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Supplementary data to this article can be found online at https://doi. 
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