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The adoption of nutrient management practices can lead to win-win outcomes in terms of both
improving productivity and reducing the environmental impact of farming. However, adoption of
key practices remains below expectations globally. Few studies specifically focus on the
adoption of nutrient management practices and the majority overlook psychological factors in
their analysis. This study examines the factors which influence Irish farmers’ intention to apply
fertiliser on the basis of soil test results. An expanded version of the theory of planned behaviour
is used as a framework for analysis. The influence of policy is also accounted for by this study
which requires certain farmers in Ireland to adopt soil testing on a mandatory basis. The results
for the national sample (n=1009) show that attitudes, subjective norms (social pressure),
perceived behavioural control (ease/difficulty) and perceived resources are significant and
positively associated with farmers’ intentions. In terms of the voluntary sample (n=587), only
attitude, perceived behavioural control and perceived resources are significantly and positively
associated with farmers’ intentions. Whereas, for the mandatory sample (n=422), subjective
norms, perceived behavioural control and perceived resources are significantly and correlated in
a positive direction with intentions. A number of farm and farmer characteristics are also
significantly associated with intentions. Policy recommendations are made based on these
results.
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1. Introduction
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The past five decades have seen a rapid increase in demand for food, owing to a persistent
increase in the global population and a dietary shift towards a larger share of meat and dairy
products (Lassaletta et al., 2016; Swain et al., 2018). To meet this demand, food production has
intensified, with crop production per unit of area increasing due to increasing inputs of nutrients
among other factors (Nesme et al., 2018). Nutrients, such as nitrogen (N), phosphorous (P) and
other micronutrients, such as magnesium, manganese and cobalt, are essential for the continued
growth of global agricultural production. However, nutrients, especially N and P, also have the
potential to cause environmental degradation (Lu and Tian, 2017; Lun et al., 2018). Global
concerns over the nutrient enrichment of both ground and surface waters and the direct emissions
of nitrous oxide and ammonia into the atmosphere have led to the simultaneous regulation of
nutrient use on farms in various countries (Sutton et al., 2011) and the promotion of management
practices that can both increase productivity and reduce environmental damage (Gebrezgabher et
al., 2015; Hyland et al., 2018). Effective nutrient management has been advocated as one key
area requiring improvement globally (Mueller et al., 2012; Pasuquin et al., 2014; Xu et al.,
2016).
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Nutrient management is a process of planning for manure and fertiliser applications to individual
pastures or crop fields (Oenema and Pietrzak, 2002). However, decision making surrounding this
process is often influenced by the particular farm system in question (e.g. cattle, dairy, sheep or
tillage) (Beegle et al., 2000). For example, livestock based farming systems may have a larger
emphasis on decision making surrounding manure management whereas tillage farms may have
a larger emphasis on decision making surrounding the use of chemical fertiliser. However,
regardless of farm system, as the ultimate goal of nutrient management is to match nutrient
supply with grass or crop demand, the decision to adopt is relevant across all farm systems
(Goulding et al., 2008; Roberts and Johnston, 2015). However, it is important to note that whilst
nutrient management is applicable to all farm systems the incentive to adopt may differ which
can influence the decision to adopt. For example, intensive dairy or tillage farm systems often
require larger quantities of fertiliser inputs and therefore the incentive to adopt practices that help
to optimise returns from nutrients may be higher than low intensity cattle or sheep production
systems (Beegle et al., 2000). Soil testing is a key, though not sufficient, nutrient management
practice that can be adopted to achieve the aims of nutrient management regardless of farm
system (Kelly et al., 2016).
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Whilst soil testing remains readily available in a developed world context, adoption remains
below expectations across all farm systems (Kelly et al., 2016; Bruyn and Andrews, 2016). A
situation has also been observed whereby farmers who do adopt soil testing often fail to fully
translate these data into decision making surrounding fertiliser applications (Buckley et al., 2015;
Bruyn and Andrews, 2016; Kannan and Ramappa, 2017). This potentially forgoes some of the
benefits that otherwise could be gained. Despite global efforts to improve uptake, there remains
an international challenge in encouraging the use of soil analysis in decision making and the
adoption of nutrient management practices on a wider scale (Osmond et al., 2015; Collins et al.,
2016; Wang et al., 2018). Research has shown that the lack of incorporation of soil analysis in
decision making may be due to a lack of awareness, lack of perceived benefit, cost, difficulties
with implementation and preference not to adopt (Brant, 2003; Osmond et al., 2015; Micha et
al., 2018). Non-adopters may prefer to rely on, for example, personal experience, tradition and
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‘informed’ intuition to influence nutrient management decisions (Nuthall and Old, 2018).
However, variance in adoption and use is often found to be contingent on factors which are
under the control of the farmer such as the extent of adoption and management skill (Oenema
and Pietrzak, 2002; Roberts et al., 2017).
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Very few studies have examined the determinants of adoption of soil testing. Moreover, most of
the literature focuses on the factors which influence the adoption of individual nutrient
management practices (Bosch et al., 1995; Caswell et al., 2001; Monaghan et al., 2007; Ribaudo
and Johansson, 2007). Thus, less attention is given to the simultaneous adoption of a given
nutrient management practice and its translation into on-farm decision making. Thus, we address
a specific gap in the literature by examining farmers’ intentions to simultaneously adopt soil
testing and apply fertiliser on the basis of soil test results. Furthermore, previous studies have
primarily focused on examining the influence of farm and farmer socio-economic factors on
adoption of nutrient management practices and, as such, the underlying psychological factors
(e.g. beliefs and social pressure) which affect farmer decision making are often overlooked.
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Some authors have argued that a failure to account for the influence of psychological factors on
behaviour may lead to an incomplete understanding of farmers’ intentions towards such
management practices (Borges et al., 2014; Wilson et al., 2014; Zhang et al., 2016; Zeweld et
al., 2017). Following these authors, we extend the literature by developing a conceptual
framework based on the Theory of Planned Behaviour (Ajzen, 1991) in order to advance our
understanding of the factors which influence farmers’ intentions to apply fertiliser on the basis of
soil test results. This will help policy makers to better target initiatives at the factors which
hinder and drive the uptake of this important nutrient management practice.
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This study seeks to add to the literature by examining which factors influence farmers’ intentions
to apply fertiliser on the basis of soil test results, which has seldom been studied. As all farm
types or systems have the potential to benefit from the use of soil testing, this study is not
restricted to a particular farm system. This study uses the Republic of Ireland (henceforth
Ireland) as a case study from which generalised lesson can be drawn for better targeting
initiatives designed at encouraging farmers to apply fertiliser on the basis of soil test results.
These recommendations are also relevant more widely as many countries face the challenge of
encouraging farmers to improve their nutrient management practices.
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2. Description of soil testing
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Soil testing is a diagnostic tool which helps farmers to assess current soil fertility and pH levels
of individual fields and make fertiliser application decisions based on these and expected crop
yield (Adusumilli and Wang, 2017). Without analysing the nutrient status of fields, the risk of
over or under applying nutrients to fields with suboptimal soil pH or fertility levels is increased
(Robert, 1993). This can increase the risk of nutrient loss to the environment, lead to lower crop
yields and an increase in the risk of sub optimal financial returns to the farmer (Sharpley et al.,
2003). The most commonly used test in Ireland is for pH and the macronutrients P and K which
costs around €25 per sample. General recommendations for nutrient applications, including
liming requirements, are provided in a soil analysis report by registered soil testing laboratories.
It is typical for farmers to refine these recommendations based on personal experience, tradition,
external advice and expected crop yields. Some of the benefits of following recommendations
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made by soil analysis include increased yields, improved crop quality and efficiency of input use
(Robert, 1993). However, recommendations based on soil test results can incur additional costs
such as the need to seek external advice and increase fertiliser and lime inputs in the short run.
On the other hand, a soil test may indicate the need to reduce fertiliser application rates which
the farmer may perceive as risky as application of fertiliser in excess is often viewed as a risk
off-setting activity that helps to ensure high yields and economic stability (Sheriff, 2005; Stuart
et al., 2014). For these reasons, farmers may be averse to stringently following recommendations
based on the results of soil analysis.
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There are several factors which drive the adoption of soil testing in Ireland. These include water
quality policy, nutrient management regulation, agri-environmental scheme entry and farm
management (Shortle and Jordan, 2017). In Ireland, the adoption of periodic soil testing is
mandatory for farmers who receive a derogation (allowance) to operate at a higher stocking rate,
of above 170kg/N/ha-1, under the European Union Nitrates Directive (ND) regulations (European
Comission, 1991). Farmers who apply to enter and receive subsidy payments under the ‘Green
Low Carbon Agri-environment Scheme’ (GLAS) are also required to conduct periodic soil
testing (Image, 2016). However, there is evidence which suggests that farmers who adopt soil
testing on a mandatory basis may not rigidly follow recommendations when making nutrient
management decisions, which is not an explicit requirement as it is hard to regulate (Buckley et
al., 2015). Similar to other countries (Kania et al., 2014), a number of initiatives are also used to
encouraged farmers to voluntarily adopt soil testing and to translate the results into practice.
These initiatives include knowledge transfer and exchange through, for example, agricultural
education courses, national advisory services, open days, farm walks and farmer discussion
groups (Prager and Thomson, 2014).
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3. Conceptual framework

25
26
27
28
29
30
31
32

In order to examine the factors which influence farmers’ intentions to apply fertiliser on the basis
of soil test results, we developed a conceptual framework based on the Theory of Planned
Behaviour (TPB), formulated by Ajzen (1991) to explain human behaviour. According to the
TPB, intention is an appropriate predictor of actual human behaviour. Intention, in turn, depends
on the beliefs held by the individual towards a particular behaviour which are based around three
constructs. These include attitudes towards the behaviour, the perceived social pressure from
significant others to perform the behaviour (subjective norms) and perceived behavioural control,
which incorporates the perceived ability to perform the behaviour.
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The TPB framework has been validated and shown to provide a structured yet flexible
framework that can explain farmer decisions to adopt agricultural practices (Lalani et al., 2016;
Zeweld et al., 2017; Rezaei et al., 2018; Zeng and Cleon, 2018). The TPB is flexible because it is
allows for the inclusion of additional variables if they improve the models predictive power and
can be shown to be conceptually independent of the models constructs (Ajzen, 1991). As the
TPB leaves a substantial percentage of variance with no explanation in intention and behaviour
(López-Mosquera et al., 2014; Rezaei et al., 2018), we extend the model by including a number
of additional variables.
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Our first addition to the model is the predictor ‘perceived resources’. In the context of the TPB,
we follow Zeweld et al. (2017) in defining perceived resources as the degree to which a farmer
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perceives that he/she owns or has access to the necessary resources (e.g. finance, labour and
time) and technical infrastructure (information) to support him/her in adopting nutrient
management practices. Resources are an important component of nutrient management practices
and, as discussed previously, adopting soil testing and applying fertiliser on the basis of soil test
results can require additional resources to facilitate the process (Beegle et al., 2000). Previous
research has shown that resources have been found to constrain the adoption of nutrient
management practices (Monaghan et al., 2007) and therefore it is important to capture this
variable in our model.
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In the TPB, socioeconomic characteristics and background variables such the policy
environment, are assumed to influence intention through attitude, subjective norms and
perceived behavioural control. Yet, the TPB has been criticised for not accounting for such
variables explicitly (Beedell and Rehman, 1999). A number of authors have addressed this
limitation by explicitly including socioeconomic and background variables in their extended
model of the TPB to explain farmers’ intentions (Areal et al., 2012; Borges and Oude Lansink,
2015; Micha et al., 2015; Arunrat et al., 2017). Based on previous research, discussed below, we
also include a number of additional variables in our conceptual model to explain farmers’
intentions to apply fertiliser on the basis of soil test results. These include farm size and system,
farmer age, both formal and agricultral education, contact with an agricultral advisor and
participation in a discussion group. A policy variable is also included in the analysis.
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In terms of farm characteristics, farm size is frequently hypothesised to positively influence the
decision to adopt due to issues associated with economies of scale. Ribaudo and Johansson
(2007) found farm size to be positively and significantly associated with the probability of soil
testing. Intensity of production is also generally found to be positively associated with the
adoption of management practices because higher intensity farms tend to use larger quantities of
inputs and therefore the scope for using practices that lead to potential cost savings, such as soil
testing, is greater. Monaghan et al. (2007) showed that cost, complexity and compatibility with
the current farm system to constrain the adoption of various nutrient management practices.
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In relation to farmer characteristics, age is typically hypothesised to negatively influence the
adoption of management practices because older farmers tend to be more risk averse. Buckley et
al. (2015) found that the frequency of adoption of nutrient management practices, including soil
testing, decreased with age. Higher levels of both formal and agricultural education have been
found to positively increase the likelihood of adoption of nutrient management practices
(Knowler and Bradshaw, 2007). Furthermore, contact with extension services such as an advisor
or discussion groups have also been found to increase the likelihood of engagement of
management practices. Pan (2014) found that farmers who based fertiliser application on the
basis of soil test results were more likely to be in contact with agricultural extension. We
incorporate these variables into our conceptual framework to explain farmers’ intentions towards
applying fertiliser on the basis of soil test results.
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Due to the importance of policy in relation to the adoption of soil testing in Ireland (see section
2), we include an additional variable to capture the potential effect of policy on farmers’
intentions to apply fertiliser on the basis of soil test results. Here we assume that farmers who
have conducted soil testing to comply with policy may also have a propensity to use the results
as they are available to them. Furthermore, research has found that nutrient management policy
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can influence farmers’ attitudes towards nutrient management practices and therefore the
potential drivers of intention between mandatory and voluntary adopters may also differ (Barnes
et al., 2009; Barnes et al., 2013; Macgregor and Warren, 2006, 2015). Potential differences in
drivers are also explored in our study.
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Figure 1 Conceptual framework based on the theory of planned behaviour used for the
purpose of this study.
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4. Data and methodology
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The data used in this study was derived from a structured survey of 1009 farmers across Ireland.
A survey company was hired to carry out a face-to-face survey with farmers during the period
January to April 2017. A quota controlled sampling procedure was set in place to ensure that the
survey was nationally representative by the predominant farm system (cattle, dairy, sheep and
tillage) and size (hectares) for the farming population aged 15 years and above (Hennessy &
Moran, 2015). In Ireland there is no available database containing farmers’ addresses that is
available for research purposes. In order to obtain a nationally representative sample of farmers,
the survey company initially stratified the target sample of farmers by Electoral Divisions. At
each sampling point, the interviewer adhered to a quota control system based upon the known
number of farm types within each area. Interviewers then proceeded to interview farmers until
they filled their quotas. Quota sampling sets demographic quotas based on known population
distribution statistics. The quotas used here were based on known population distribution figures
in relation to specific farm types taken from the Irish Central Statistics Office (Hennessy &
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Moran 2015). It was ensured that the key decision maker on the farm participated in the
interview.
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Quota controlled sampling is a non-probability sampling technique which ensures that specified
numbers (quotas) are obtained from each specified population subgroup (Elder, 2009). A key
assumption of this data collection method is that the main variability lies across, rather than
within chosen subgroups, so that, once homogenous groups have been selected, it is not
important which particular individuals within any groups are interviewed (Elder, 2009). Here, for
example, we controlled for farm system and size and therefore other factors such as age, income
and education are not controlled for. Therefore, it cannot be guaranteed that the sample is
nationally representative beyond farm system and size and therefore policy recommendations
should be interpreted tentatively. Despite this limitation, quota controlled sampling remains a
popular data collection method due to convenience and relatively low cost and has been
successfully employed in previous agricultural research (Howley, 2013; Howley et al., 2015).
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A review of the literature, expert consultations, farmer interviews and a pilot study were used to
develop the survey. The final survey was divided into three sections. First, questions were used
to collect data on farm (e.g. farm size and system) and farmer characteristics (e.g. age, education
and contact with an agricultural advisor) for use as independent variables in the analysis. The
second section collected information on farmers’ motivations for adopting soil testing, such as
regulation or participation in an agri-environment scheme, for the identification and
classification of farmers as ‘voluntary’ or ‘mandatory’ adopters. The final section was based on
the TPB where farmers were asked to evaluate various statements designed to reveal their beliefs
and intentions towards applying fertiliser on the basis of soil test results.
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Measurement of latent variables
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In line with the conceptual framework, four types of psychological latent constructs were of
relevance to this study: attitude, subjective norm, perceived behavioural control and perceived
resources. Statements reflecting the constructs were developed and used in the survey to measure
these latent constructs. The content and wording of the statements was based on information
collected during the survey development phase. Respondents were asked to respond on a fivepoint likert scale, from strongly disagree (1) to strongly agree (5), the extent to which they
agreed with the statements read out to them by the interviewer. Five point-likert scales have also
been utilised in previous agricultural research (Gorton et al., 2008; Hansson et al., 2012; Adnan
et al., 2017). Overall, for farmer intentions to apply fertiliser on the basis of soil test results,
farmers had to evaluate eight statements regarding their attitudes towards the outcomes of
performing this practice, four statements regarding subjective norm (social pressure), seven
statements regarding perceived behavioural control (ability) and four statements regarding
perceived resources. A principal component analyses (PCA) was utilised to determine the
statements underlying the latent variables with a similar structure.
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PCA is a data reduction technique which operates by examining the pattern of correlations
among a number of variables (Abdi and Williams, 2010). PCA transforms a group of correlated
variables into a smaller number of uncorrelated variables, or principle components, that account
for the most of the variation in responses (Jolliffe, 2002). Before conducting the PCA a number
of common statistical tests were employed to check the suitability of the statements for PCA.

1
2
3
4
5
6
7

The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was employed. The result of the
measure was 0.94 where a value above 0.5 is acceptable (KMO values range between zero and
one) (Kaiser, 1974). The Bartlett’s test of sphericity was also used to calculated whether the
correlation matrix of the statements differs significantly from the identity matrix (Bechtold and
Abdulai, 2014). The Bartlett’s test should reject the hypothesis that the correlation matrix is an
identity matrix. The Bartlett’s test was significant at the p = 0.0000 level and therefore the
alternative hypothesis was accepted that there is a significant relationship between the variables.
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Having obtained satisfactory results from the tests, the PCA was conducted and components
extracted where eigen values were greater than one (Hair et al., 2010). We employed a method
called component rotation which was used in order to distinguish between components and
facilitate the interpretation of components (Bechtold and Abdulai, 2014). The widely applied
varimax rotation was used for the purpose of this study (Abdi and Williams, 2010). Based on the
eigen values we retained four components. The decision about the number of relevant statements
retained on each component is guided by theory and meaning of the components (Hair et al.,
2010). Similar to Hansson et al., (2012), we decided to retain statements that loaded onto
components if they were above 0.3. This is considered as acceptable if the components make
theoretical sense (Hair et al., 2010). The Cronbach’s Alpha was also applied to the each of four
principle components in order to assess internal consistency and reliability (Nunnally, 1978). A
value of 0.6 is considered as acceptable (maximum value is one) (Bechtold and Abdulai, 2014).
The Cronbach’s Alpha was 0.90 and 0.89 for components one and two and 0.87 and 0.69 for
components three and four. The final components can be utilised as explanatory variables in a
regression analysis in place of the original categorical statements.
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Appendix 1 shows the results from the PCA (only statements that produced components are
shown). The results are in line with the conceptual framework shown in Figure 1. The first
component is attitude, which reflects personal beliefs towards the outcomes of applying fertiliser
on the basis of soil test results. This component had high component loadings on statements such
as “increases profits” and “increases productivity”. The second component (perceived
behavioural control) consisted of statements reflecting the level of ease a farmer feels that he/she
can conduct the behaviour. Such statements include “I am confident in my ability to do so” and
“it is under my control to do so”. The third component (subjective norm) relates to farmers’
perceptions of the level of social pressure to apply fertiliser on the basis of soil test results. Some
examples of statements that produced this component when farmers were asked what most
people think were: “think that I should” and “encourage me to do so”. Finally, the fourth
component comprised of statements reflecting the farmers’ perceptions of resources (perceived
resources). This relates to the farmers perception of whether he/she has adequate resources, such
as time and finance, to adopt the practice in question.
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Explanatory variables
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In additional to the psychological variables, a number of farm and farmer characteristics are also
expected to influence farmers’ intentions to apply fertiliser on the basis of soil test results. The
chosen variables are based on the literature discussed previously (see section three) and include
farm size and system, farmer age, formal and agricultural education, contact with an agricultural
advisor, participation in a discussion group and policy. The smallest category of farm size
(<20ha) was selected as the reference group for analysis of the effect of farm size on intention.
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This is because smaller farms generally cannot achieve the same economies of scale to engage in
management practices that large farms can (Knowler and Bradshaw, 2007). In order to examine
the effect of farm system on intentions, the sheep system was selected as the reference group for
analysis. In Ireland, sheep farms are considered as the least intensive and generally use the least
amount of fertiliser and, therefore, applying fertiliser on the basis of soil test results is not always
considered a priority on such farms (Renwick, 2013). In relation to farmer age, the oldest
category of farmer (65+) was selected as the reference category for analysis because older
farmers tend to be more conservative when it comes to the adoption of management practices
(Prokopy et al., 2008). A policy variable was also developed which included farmers who
participate in GLAS or receive a derogation under the ND. As discussed previously (see section
two), both of these policy instruments make it compulsory for farmers to conduct periodic soil
testing in Ireland.
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Data analysis
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The dependent variable for this study is farmer intention to apply fertiliser on the basis of soil
test results. As the statement designed to measure this variable is based on an ordered five-point
likert scale, it is typical to use an ordered regression model to analyse the data as there are more
than two categories of response (Greene, 2008). However, from the full sample, only 14 farmers
responded “strongly disagree” to the intention statement. Furthermore, when the sample was split
into two further samples for further analysis (see below) only 13 farmers responded “strongly
disagree” for the first sample and one and seven farmers responded “strongly disagree” and
“disagree” respectively for the second sample. Due to insufficient responses in a number of
response categories, it was not possible to decompose these categories. Therefore, similar to
other studies (Läpple and Kelley, 2013; Hyland et al., 2018), the responses “strongly disagree”,
“disagree” and “unsure” are grouped into the category “do not intend” and labelled as 0 and the
responses “agree” and “strongly agree” were grouped into the category “intend” and labelled as
1. As there are now only two levels of response, the following binary logistic model is employed
to explore the relationship between the hypothesized psychological and additional variables on
the probability that a farmer indicates a “yes” response (positive intention) to apply fertiliser on
the basis of soil test results, which can be expressed as follows:
𝐼𝑛[𝑃𝑖 /(1 − 𝑃𝑖 )] = 𝛽0 + 𝛽1 𝑋1𝑖 + 𝛽2 𝑋2𝑖 + ⋯ + 𝛽𝑘 𝑋𝑘𝑖

(1)
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Where, subscript 𝑖 denotes the 𝑖-th observation in the sample, 𝑃𝑖 is the probability of the
outcome, 𝛽0 is the intercept, 𝛽1, 𝛽2, …, 𝛽𝑘 are regression coefficients of variables 𝑋1, 𝑋2, ..., 𝑋𝑘 ,
respectively (Timprasert et al., 2014).
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As discussed previously, policy requires certain farmers in Ireland to conduct periodic soil
testing and therefore it was deemed necessary to account for this influence by splitting the full
sample into ‘voluntary’ and ‘mandatory’ adopters. For the purpose of the analysis farmers who
participate in GLAS and/or receive a derogation under the ND were classified as ‘mandatory’
adopters (n=422). The remaining farmers were grouped as ‘voluntary’ adopters (n=587), this
group also includes farmers who do not necessarily conduct soil testing currently.
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In order to select the logistic regression model with the best fit, the model was run for all of the
hypothesised variables in the first instance for the full sample. The results showed that farm size
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was an insignificant predictor of intention. Therefore, a likelihood-ratio (LR) test was performed
on the full sample which compared a model which did not contain farm size to the initial model
containing farm size to see if farm size significantly improved the model fit. The result of the LR
test was insignificant which implies that omission of farm size does not significantly alter the
model’s fit. Therefore, this variable was removed from any subsequent analysis. A similar
procedure was applied to other insignificant variables in the full model (formal education,
agricultural education and discussion group), however the LR test was significant and therefore
we chose to keep these variables in the analysis.
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For ease of interpretation, the regression results are also presented as marginal effects (Table 4).
The higher the marginal effect is, the higher the impact of the explanatory variable on the
dependent variable is (Greene, 2008). The marginal effects for the dummy variables are
estimated as the difference between the probabilities calculated at the sample mean when a
dummy variable takes values of 1 and 0, respectively (Yiridoe et al., 2010). Whereas for
continuous variables, i.e., the PCA variables, the marginal effect is calculated at the sample mean
of zero due to standardization of the PCA output (Jolliffe, 2002).
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Multicollinearity between the independent variables was tested for by using the variance of
inflation factor (VIF) where a VIF factor of 10 is used as a cut off value (Myers, 1990). The
maximum VIF was 4.08 for the full sample, 3.37 and 5.29 for the voluntary and mandatory
samples respectively. These figures suggests that multicollinearity was not an issue in our
analysis.
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5. Results and Discussion
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Descriptive statistics
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Table 1 provides a description of the variables used in the regression models. The following
descriptive statistics are for the full sample of farmers (n=1009). In line with the quotas (see
section 4), Cattle farms represent 51% of the sample whereas dairy accounts for 26% followed
by sheep at 17% and tillage comprising 6% of the sample. The median farm size is 31-50ha
whereas the median farmer age category is 51-64. These figures are in line with national
averages (Dillon et al., 2017). Furthermore, 54% of farmers have at least a second level
education or higher whereas around 69% have some level of agricultural education. The
descriptive results further indicate that around 63% of farmers are in contact with an agricultural
advisor whereas only 29% participate in a discussion group. About 42% of farmers stated that
they adopt soil testing on a mandatory basis. Finally, 63% of farmers currently soil test within
national recommendations (at least every 5 years) (Wall and Plunkett, 2016). This result is
similar to Buckley et al. (2015) who found from a sample of Irish farmers that 66% were
conducting periodic soil testing.
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Table 1: Variables used in the binary logistic regression analysis.
Explanatory variables

Description

Attitude

Latent variable based on ordinal responses (5-point
likert scale)

Mean
-

Std. deviation
-

Subjective norm

Latent variable based on ordinal responses (5-point
likert scale)

-

-

Perceived behavioural
control

Latent variable based on ordinal responses (5-point
likert scale)

-

-

Perceived resources

Latent variable based on ordinal responses (5-point
likert scale)

-

-

Sizea

Farm size (1 = <20ha, 2 = 20-30ha, 3 = 31-50 ha, 4 =
51-100ha, 5 = 101+)

2.78

1.22

Systemb

Main system of farming (1 = Cattle, 2 = Dairy, 3 =
Sheep, 4 = Tillage)

1.78

0.94

Agec

Age of farm operator (1 = under 35, 2 = between 35 and
44, 3 = between 45 and 50, 4 = between 51 and 64, 5 =
65+)

3.65

1.21

Formal education

Highest level of formal education received by farm
operator (1 = some secondary and above, 0 = otherwise)

0.54

0.50

Agricultural education

Has some level of agricultural education (1 = yes, 0 =
otherwise)

0.69

0.46

Advisor

Farm operator is in contact with an agricultural advisor
(1 = yes, 0 = otherwise)

0.63

0.48

Discussion group

Farm operator participates in a discussion group (1 =
yes, 0 = otherwise)

0.29

0.45

Policy

Farm operator participates in the Irish GLAS agrienvironmental scheme and/ or received a derogation in
2016 (1 = yes, 0 = otherwise)

0.42

0.49

1

Notes: a Farm size under 20ha as reference group, b Sheep as reference group, c Age 65+ as reference group.
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Farmers’ intentions

3
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Table 2 provides a descriptive overview of farmers’ intentions to apply fertiliser on the basis of
soil test result. The result is higher than actual adoption rates of soil testing alone which may be
due to the use of behavioural measures which are the farmers’ own perceptions of their
behaviour and so are subject to acquiescence biases. This means that farmers’ may provide
responses to questions in a ‘socially desirable’ way (Beedell and Rehman, 1999; Armitage and
Conner, 2001). Furthermore, farmers conducting periodic soil testing on a mandatory basis do
not display a 100% level of intention to apply fertiliser on the basis of soil test results. This may
suggest that farmers may adopt soil testing to comply with policy but do not intend to use the
results from soil analysis to influence decision making, this concurs with the findings of Buckley
et al. (2015).
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Table 2: Farmers’ intentions towards applying fertiliser on the basis of soil test results.
Intention (% of farmers)
Practice
Farmers’ intentions to apply
fertiliser on the basis of soil
test results (0 = no intention, 1
= positive intention)

National (n=1009)

Voluntary (n=587)

Mandatory (n=422)

79

70

92

2

Factors influencing farmers’ intentions to apply fertiliser on the basis of soil test results

3

Full sample

4
5
6
7
8
9

Results, presented in Table 3, highlight that for the full sample intentions are influenced
significantly and in a positive direction by attitude (1% level), subjective norm (10% level),
perceived behavioural control (1% level), perceived resources (1% level), dairy farm system (5%
level), contact with an agricultural advisor (1% level), policy (1% level) and the age groups 45 to
50 and 51 to 64 at the 1% and 10% levels respectively. This means that these groups of farmers
are more likely than their older counterparts (65 and over) to have a positive intention.
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All of the significant variables also have significant marginal effects. However, in addition,
tillage also becomes significant at the 10% level. As the level of the psychological variables
attitude, subjective norm, perceived behavioural control and perceived resources increase by one
unit, the probability of a farmer applying fertiliser on the basis of soil test results increases by
2.3%, 1.6%, 3.3% and 3.2% respectively. Being classified as dairy, tillage, within the age band
45-50 or 51-64, contact with an agricultural advisor or subject to mandatory policy requirements
increases the probability of uptake by 8.1%, 7.2%, 8.5%, 4.1%, 5.1% and 6.1% respectively.
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The overall goodness of it of this model, as measured by 𝑃𝑟 > 𝐶ℎ𝑖 2, is 0.0000 which implies
significance at the one percent level. The 𝑟 2 value of the model is 0.45, which shows that the
model has good explanatory power. Overall, the model correctly predicts 90.20% of the
responses.
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Next, the sample is divided into the two farmer groups, voluntary and mandatory adopters using
the policy variable. Results show that different variables become significant across the
regressions, that is, there is heterogeneity in the factors which influence intentions. A likelihood
ratio-chow test is performed to test the null hypothesis that none of the model coefficients vary
between the groups. The likelihood ratio-chow statistic test is significant at the three percent
level and therefore we can reject the null hypothesis. This means that the two different groups
should not be aggregated but instead should be examined separately.

28

Voluntary sample

29
30
31

Table 3 also illustrates the results for the voluntary adopters. The psychological variables,
attitude, perceived behavioural control and perceived resources are each significant at 1% level
and positively associated with intention, however subjective norms failed to reach significance.

1
2
3

Similar to the national sample, dairy system, the age group 45-50 and contact with an
agricultural advisor is correlated in a positive direction with intention and significant at the 1%,
10% and 1% level respectively.

4
5
6
7

In terms of marginal effects, the variables attitude, perceived behavioural control, perceived
resources increased the probability of applying fertiliser on the basis of soil test results by 5.8%,
7.0% and 5.5%. Other variables that increase the likelihood of adoption are dairy system
(16.2%), age 45 to 50 (10.0%) and contact with an agricultural advisor (12.30%).

8
9
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The regression model has a good fit with a 𝑃𝑟 > 𝐶ℎ𝑖 2 of 0.0000 which implies significance at
the one percent level. The 𝑟 2 value of the model is 0.47, which reflects adequate explanatory
power. 88.42% of the sample responses are correctly predicted by the model.

11

Mandatory sample

12
13
14
15
16
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For the mandatory sample (Table 3), attitude is not significant whereas subjective norm,
perceived behavioural control and perceived resources are significant at the 10%, 5% and 5%
level respectively. The variables pertaining to farmer age (age under 35, 35 to 44, 45 to 50 and
51 to 64) are all positively associated with intentions at the 1%, 10%, 1% and 5% levels
respectively. Finally, the parameter for agricultural education is significant at the 10% level, with
a positive effect on intention.
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The estimated marginal effects suggest that subjective norm, perceived behavioural control and
perceived resources increase the likelihood of a farmer applying fertiliser on the basis of soil test
results by 1%, 1% and 1.4% respectively. Belonging to relatively (to over 65’s) younger cohorts
of farmers significantly increases the probability of having a positive intention by 7.1% (45-44),
8.1% (45-50) and 5.2% (51-64).

23
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29 observations (farmers under the age of 35) in this model perfectly predict the outcome and
therefore are dropped from the analysis, which leaves a total of 393 farmers in the sample. This
model is significant, as measured by 𝑃𝑟 > 𝐶ℎ𝑖 2 , at 0.0000 which implies significance at the one
percent level. The 𝑟 2 value of the model is 0.29, which is illustrates moderate explanatory power.
Furthermore, the model correctly predicts 94.31% of the sample responses.

Table 3: Results of the binary logistic regression for the prediction of farmer intention to apply fertiliser on the basis of soil
test results (coefficients).
National sample
Voluntary sample
Mandatory sample
Explanatory variables
Coeff
Std.err
Coeff
Std.err
Coeff
Std.err
TPB
Attitude
0.29***
0.06
0.40***
0.08
0.17
0.10
Subjective norm
0.20**
0.09
0.16
0.10
0.31*
0.18
Perceived behavioural control
0.42***
0.08
0.49***
0.11
0.27**
0.14
Additional TPB style variable
Perceived resources
0.41***
0.10
0.38***
0.12
0.45**
0.20
Farm and farmer characteristics
Cattle systema
0.46*
0.27
0.42
0.34
0.85*
0.51
Dairy system
0.96***
0.35
1.09***
0.41
0.49
0.63
Tillage system
0.81
0.50
0.83
0.58
1.05
0.98
Age < 358
0.43
0.51
-0.29
0.58
-d
Age 35-44
0.04
0.36
-0.41
0.42
1.62*
0.97
Age 45-50
1.27***
0.41
0.84*
0.48
2.41***
0.88
Age 51-64
0.46*
0.25
0.27
0.31
0.92**
0.44
Formal education
0.22
0.25
0.39
0.31
-0.15
0.50
Agricultural education
0.18
0.23
-0.10
0.29
0.75*
0.42
Agricultural advisor
0.64***
0.23
0.85***
0.28
0.05
0.43
Discussion group
0.24
0.31
0.34
0.44
0.29
0.53
Policyc
0.78***
0.26
Pseudo R2
0.45
0.47
0.29
Prob > chi2
0.0000
0.0000
0.0001
% Correctly classified
90.20
88.42
94.31
Number of observations
1009
587
393
Notes: Significance levels *** p<0.01, ** p<0.05, * p<0.1, areference group for farm system is sheep system, b reference group for age is group 65+, cIncludes
farmers who have a ND derogation and farmers participating in the GLAS agri-environmental scheme. This variable is also used to split the sample hence it is
absent in the voluntary and mandatory samples, d perfectly predicted outcome.

Table 4: Results of the binary logistic regression for the prediction of farmer intention to apply fertiliser on the basis of soil
test results (marginal effects).
National sample (n=1009)
Voluntary sample (n=587)
Mandatory sample (n=393)
Explanatory variables
Marginal effects
Std.err
Marginal effects
Std.err
Marginal effects
Std.err
TPB
Attitude
0.0230***
0.0047
0.0577***
0.0112
0.0050
0.0035
Subjective norm
0.0158**
0.0070
0.0226
0.0146
0.0093*
0.0019
Perceived behavioural control
0.0326***
0.0061
0.0704***
0.0138
0.0082*
0.0020
Additional TPB style variable
Perceived resources
0.0324***
0.0082
0.0554***
0.0180
0.0135***
0.0047
Farm and farmer characteristics
Cattle systema
0.0468
0.0296
0.0762
0.0639
0.0316
0.0208
Dairy system
0.0805***
0.0309
0.1617**
0.0637
0.0211
0.0273
Tillage system
0.0717*
0.0387
0.1336
0.0829
0.0359
0.0283
Age < 35b
0.0390
0.0427
-0.0494
0.1049
-d
Age 35-44
0.0041
0.0375
-0.0724
0.0774
0.0707*
0.0405
Age 45-50
0.0848***
0.0265
0.1003*
0.0517
0.0811**
0.0338
Age 51-64
0.0413*
0.0242
0.0394
0.0447
0.0519*
0.0311
Formal education
0.0173
0.0196
0.0565
0.0447
-0.0045
0.0153
Agricultural education
0.0138
0.0188
-0.0147
0.0415
0.0225
0.0151
Agricultural advisor
0.0506***
0.0181
0.1230***
0.0400
0.0014
0.0128
Discussion group
0.0187
0.0241
0.0496
0.0624
0.0089
0.0163
Policyc
0.0609***
0.0203
Notes: Significance levels *** p<0.01, ** p<0.05, * p<0.1, areference group for farm system is sheep system, b reference group for age is group 65+, cIncludes
farmers who have a ND derogation and farmers participating in the GLAS agri-environmental scheme. This variable is also used to split the sample hence it is
absent in the voluntary and mandatory samples, d perfectly predicted outcome.
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6. Discussion
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This study uses a modified TPB approach to understand which factors influence farmers’
intentions to apply fertiliser on the basis of soil test results. The significance of the policy
variable in the regression analysis for the national sample provides further evidence to suggest
that policy is an important driver of intention. To this end, this section focuses on discussing the
significant results for the voluntary and mandatory groups only.
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The first TPB variable, attitude, has a positive and relatively large influence on farmers’
intentions to apply fertiliser on the basis of soil test results for the voluntary sample, however
this effect is not noted for the mandatory sample. This means that farmers unaffected by policy
are more likely to adopt the practice if they evaluate the outcomes of performing the behaviour
more favourably than their counterparts. A possible explanation for this result is that certain
groups of farmers who voluntarily intend to engage with the practice are more aware of the
benefits that can be gained from doing so than other farmers within this group (Senger et al.,
2017). This result is in line with previous TPB studies which found attitude to be a significant
predictor of intention to adopt voluntary agricultural practices (Wauters et al., 2010; Rezaei et
al., 2018; Zeng and Cleon, 2018).
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It is suggested that social norms influence people’s intentions and behaviour because people do
not conduct decisions independently from social and cultural influences and, instead, they are
constantly referring their behaviour back to important reference groups (Burton, 2004).
However, our results only partially support this assertion as subjective norm is only found to
significantly influence the intentions of farmers classified as mandatory adopters. Whilst the
relative magnitude of this effect is small, the result implies that farmers within this group who
feel a larger degree social pressure are more likely to translate the results of soil analysis into
practice. One possible explanation for this result is that a fear of further regulation, or fear of
penalties, motivates farmers to behave in a way that is perceived as ‘socially desirable’ and to
avoid further regulation in the future (Powell et al., 2012; Savage and Ribaudo, 2013; Mills et
al., 2018).
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In theory, farmers who have a strong belief in their own capability of applying fertiliser on the
basis of soil test results should be more likely to do so (Ajzen, 1991). Our results support this
assertion as perceived behavioural control is found to be statistically significant and has a
positive influence on farmers’ intentions, for both farmers classified as voluntary and mandatory
adopters. However, this effect is relatively larger for farmers categorised as voluntary adopters.
Previous research has found that farmers often do not lack the motivation to adopt recommended
nutrient management practices, instead they lack the suitable levels of perceived efficacy to take
action (Wilson et al., 2014; Zhang et al., 2016; Wilson et al., 2018). Recommendations made by
soil analysis laboratories in Ireland are based on national average fertiliser recommendations
(Wall, and Plunkett, 2016) and therefore a level of technical expertise is required to refine the
recommendations to suit the particular farm situation.
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The variable perceived resources significantly and positively influences both groups of farmers’
intentions to apply fertiliser on the basis of soil test results. Albeit, the effect is relatively larger
for farmers classified as voluntary adopters. The result implies that farmers who believe that they
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have the necessary resources such as time, finance and labour to apply fertiliser on the basis of
soil test results are more likely to do so. Whilst this result is contrary to the finding of Zeweld et
al. (2017), who did not find a significant relationship between perceived resources and farmers’
intentions to adopt sustainable practices, it conforms to expectations as the practice in question
can require changes in management such as applying additional fertiliser, increased frequency of
application, or to fields that may be difficult to access with machinery. Such practices often
require additional finance, time and labour to which a farmer may not have access and which
may hinder adoption (Sheriff, 2005).
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In terms of farm and farmer characteristics, the dairy system is significantly and positively
associated with intention for the voluntary sample. A possible explanation for this result is that
dairy farms in Ireland receive the majority of their income from the market and inputs are
relatively higher compared to other systems (Dillon et al., 2017). Therefore, the incentive is
greater to optimise returns from nutrient inputs versus other systems through the use of soil
testing (Beegle et al., 2000). A key implication of this result is related the need to make practices
which have both economic and environmental win-win outcomes more relevant to low intensity
farms (e.g. sheep and cattle in Ireland) and perhaps emphasising longer time frames for
implementation for such farms.
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Younger farmers are said to be more likely to adopt management practices (Weaver, 1996;
Rahelizatovo and Gillespie, 2004). The results for the regression analysis for the mandatory
sample strongly support this assumption (relatively large marginal effects) and demonstrate that
the younger cohorts of farmers compared to their older counterparts (65 and over) are more
likely to have an intention to apply fertiliser on the basis of soil test results. This result concurs
with Buckley (2012) who found certain cohorts of farmers in Ireland to be ‘benefit accepters’ of
nutrient management practices despite having to adopt them for policy compliance purposes.
One possible explanation for this result is the fact that relatively younger cohorts of farmer have
a longer planning horizon and therefore are more likely to adopt practices which maintain or
increase production (Knowler and Bradshaw, 2007).
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The positive influence that agricultural advisors can have on the adoption of agricultural
management practices has been well established (Baumgart-Getz et al., 2012). In our study, the
role of an agricultural advisor is positively associated with intention to apply fertiliser on the
basis of soil test results for the voluntary sample. The marginal effect for this result is also
relatively large. This result is consistent with Ingram (2008) who found that agricultural advisors
were critical to helping farmers to improve soil management decisions. Agricultural advisors can
help farmers to implement management practices by providing knowledge and technical
expertise, which can help to explain our result.
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7. Conclusion
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This study sought to determine which factors influence farmers’ intentions to apply fertiliser on
the basis of soil test results. Most previous studies of this nature tend to focus on the adoption of
individual nutrient management practices but few examine nutrient management as a process
which requires both adoption and implementation of practices, as such, this study addresses a
gap in the literature. Furthermore, we build on the literature further by also incorporating
psychological variables into the analysis which have seldom been explored in relation to nutrient
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management practice adoption. Overall, the results demonstrate that both psychological and
farm/farmer characteristics as well as policy are important drivers of intention.
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Based on the results, we suggest a number of policy implications. Efforts should be made to
encourage farmers to further engage with technical support and to possibly increase levels of
support during implementation. This may help to increase the levels of control that farmers feel
over applying fertiliser on the basis of soil test results (Blackstock et al., 2010). Perceptions of
resources were important to farmers and therefore initiatives must also further acknowledge the
diversity of resources farmers have available to them to incorporate soil testing into decision
making. In terms of specifically encouraging farmers to apply fertiliser on the basis of soil test
results who do not have to adopt periodic soil testing on a mandatory basis, an emphasis on
highlighting the benefits of adopting this practice should be made in order to reinforce positive
attitudes. On the other hand, in order to encourage farmers operating under mandatory policy
requirements, efforts should be directed at increasing the level of social pressure for farmers to
incorporate the result of soil analysis into decision making. This can be achieved by further
encouraging or incentivising farmers to join group learning environments which can include
farmer led knowledge exchange platforms which have a specific focus on this practice
(Blackstock et al., 2010). Finally, encouraging younger farmers operating under mandatory
requirements to participate in decision making related to nutrient management may help to
increase the use of soil test results.
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In terms of limitations, this study examines intentions rather than actual adoption levels.
Nevertheless, previous studies have shown that intentions have a strong direct effect on future
behaviour (Bamberg, 2003). A future study could examine whether farmers actually acted on
their intentions. Secondly, the study relies on self-reported behaviour which tends to result in
respondents answering questions in a ‘socially desirable’ way (Floress et al., 2018). Despite
these limitations, this study provides fresh insights into identifying what determines the decision
making-behaviour of farmers and possible ways of further encouraging farmers to apply fertiliser
on the basis of soil test results.

Appendix 1
PCA result for farmers’ intentions to apply fertiliser on the basis of soil test results.

Statement

Component 1

Component 2

Component 3

Component 4

Attitude

Perceived
behavioural
control

Subjective norm

Perceived resources

Increases productivity

0.38

Produces better quality
grass/crop

0.39

Increases profits

0.35

Reduces input costs

0.33

Saves time

0.33

Helps to protect the
environment

0.33

Improves soil fertility

0.33

Soil testing increases
knowledge about your
fields

0.35

Think that I should do so

0.52

Encourage me to do so

0.50

Would approve if I do so

0.50

Most farmers I am aware
of base fertiliser
application on
recommendations from
soil test results

0.47

A clear understanding of
how to do so

0.30

I am confident in my
ability to do so

0.39

It is under my control to
do so

0.45

It depends entirely on me
and not on factors
enabling or preventing me
from doing so

0.43

It is easy to do so

0.33

Is expensive

-0.51

Enough time to do so

0.37

Access to enough labour
to do so

0.38

Enough financial
resources to do so

0.51

Eigen value

10.21

2.01

1.73

1.20

References
Abdi, H., Williams, L.J., 2010. Principal component analysis. Wiley Interdiscip. Rev. Comput.
Stat. 2, 433–459.
Adnan, N., Nordin, S.M., bin Abu Bakar, Z., 2017. Understanding and facilitating sustainable
agricultural practice: A comprehensive analysis of adoption behaviour among Malaysian
paddy farmers. L. Use Policy. 68, 372–382.
Adusumilli, N., Wang, H., 2018. Analysis of soil management and water conservation practices
adoption among crop and pasture farmers in humid-south of the United States. Int. Soil
Water Conserv. Res. 6, 79–86.
Ajzen, I., 1991. The theory of planned behavior. Organ. Behav. Hum. Decis. Process. 50, 179–
211.
Areal, F. J., Riesgo, L., Gómez-Barbero, M., Rodríguez-Cerezo, E., 2012. Consequences of a
coexistence policy on the adoption of GMHT crops in the European Union. Food Policy.
37, 401–411.
Armitage, C.J., Conner, M., 2001. Efficacy of the Theory of Planned Behaviour. Br. J. Soc.
Psychol. 40, 471–499.
Arunrat, N., Wang, C., Pumijumnong, N., Sereenonchai, S., Cai, W., 2017. Farmers’ intention
and decision to adapt to climate change: A case study in the Yom and Nan basins, Phichit
province of Thailand. J. Clean. Prod. 143, 672–685.
Bamberg, S., 2003. How does environmental concern influence specific environmentally related
behaviors? A new answer to an old question. J. Environ. Psychol. 23, 21–32.

Barnes, A.P., Willock, J., Hall, C., Toma, L., 2009. Farmer perspectives and practices regarding
water pollution control programmes in Scotland. Agric. Water Manag. 96, 1715–1722.
Barnes, A. P., Toma, L., Willock, J., Hall, C., 2013. Comparing a “budge” to a “nudge”: Farmer
responses to voluntary and compulsory compliance in a water quality management regime.
J. Rural Stud. 32, 448–459.
Baumgart-Getz, A., Prokopy, L.S., Floress, K., 2012. Why farmers adopt best management
practice in the United States: A meta-analysis of the adoption literature. J. Environ. Manag.
96, 17–25.
Bechtold, K.B., Abdulai, A., 2014. Combining attitudinal statements with choice experiments to
analyze preference heterogeneity for functional dairy products. Food Policy 47, 97–106.
Beedell, J.D.C., Rehman, T., 1999. Explaining farmers’ conservation behaviour: Why do farmers
behave the way they do? J. Environ. Manag. 57, 165–176.
Beegle, D.B., Carton, O.T., Bailey, J.S., 2000. Nutrient management planning: Justification,
theory, practice. J. Environ. Qual. 29, 72–79.
Blackstock, K.L., Ingram, J., Burton, R., Brown, K.M., Slee, B., 2010. Science of the Total
Environment Understanding and in fl uencing behaviour change by farmers to improve
water quality. Sci. Total Environ. 408, 5631–5638.
Borges, J.A.R., Oude Lansink, A.G.J.M., Marques Ribeiro, C., Lutke, V., 2014. Understanding
farmers’ intention to adopt improved natural grassland using the theory of planned
behavior. Livest. Sci. 169, 163–174.
Borges, J.A.R., Oude Lansink, A.G.J.M., 2015. Comparing groups of Brazilian cattle farmers
with different levels of intention to use improved natural grassland. Livest. Sci. 178, 296–
305.
Bosch, D., Cook, Z.L., Fuglie, K., 1995. Voluntary versus mandatory agricultural policies to
protect water quality: adoption of nitrogen testing in Nebraska. Rev. Agric. Econ. 17, 13–
24.
Brant, G., (2003). Barriers and Strategies Influencing the Adoption of Nutrient Management
Practices. Technical report release 13.1. Available at:
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1045633.pdf. Last
accessed: 29/06/18.
Bruyn, L.L., Andrews, S., 2016. Are Australian and United States farmers using soil information
for soil health management ? Sustainability. 8, 1–33.
Buckley, C., 2012. Implementation of the EU Nitrates Directive in the Republic of Ireland - A
view from the farm. Ecol. Econ. 78, 29–36.
Buckley, C., Howley, P., Jordan, P., 2015. The role of differing farming motivations on the
adoption of nutrient management practices. Int. J. Agric. Manag. 4, 152–162.
Burton, R.J.F., 2004. Reconceptualising the “behavioural approach” in agricultural studies: A
socio-psychological perspective. J. Rural Stud. 20, 359–371.
Caswell, M., Fuglie, K., Ingram, C., Jans, S., Kascak, C., 2001. Adoption of agricultural
production practices: Lessons learned from the U.S. Department of Agriculture Area
Studies Project, Agricultural Economic Report.
Collins, A.L., Zhang, Y.S., Winter, M., Inman, A., Jones, J.I., Johnes, P.J., Cleasby, W., Vrain,
E., Lovett, A., Noble, L., 2016. Tackling agricultural diffuse pollution: What might uptake
of farmer-preferred measures deliver for emissions to water and air? Sci. Total Environ.
547, 269–281.
Dillon, E., Moran, B., Donnellan, T., 2017. Teagasc National Farm Survey 2016. Teagasc

Agricultural Economics and Farm Surveys Department, Athenry, Co Galway, Ireland.
Elder, S., 2009. School to work transition survey: A methodological guide, International Labour
Office, Geneva. Available at: http://www.ilo.org/employment/areas/youthemployment/work-for-youth/WCMS_191853/lang--en/index.htm. Last accessed: 28/06/18.
European Comission., 1991. Council directive 91/676/EEC of 12 December 1991 concerning the
protection of waters against pollution caused by nitrates from agricultural sources.
Floress, K., Reimer, A., Thompson, A., Burbach, M., Knutson, C., Prokopy, L., Ribaudo, M.,
Ulrich-Schad, J., 2018. Measuring farmer conservation behaviors: Challenges and best
practices. Land use policy 70, 414–418.
Gebrezgabher, S.A., Meuwissen, M.P.M., Kruseman, G., Lakner, D., Oude Lansink, A.G.J.M.,
2015. Factors influencing adoption of manure separation technology in the Netherlands. J.
Environ. Manag. 150, 1–8.
Gorton, M., Douarin, E., Davidova, S., Latruffe, L., 2008. Attitudes to agricultural policy and
farming futures in the context of the 2003 CAP reform: A comparison of farmers in selected
established and new Member States. J. Rural Stud. 24, 322–336.
Goulding, K., Jarvis, S., Whitmore, A., Ex, D., 2008. Optimizing nutrient management for farm
systems. Philos. Trans. R. Soc. London. Ser. B, Biol. Sci. 363, 667–680.
Greene, W.H., 2008. Econometric analysis, 6th ed. Prentic Hall, New Jersey.
Hair, J.F., Black, W.C., Babin, B.J., Anderson, R.E., Tatham, R.L., 2010. Multivariate Data
Analysis, Prentice Hall. Prentice Hall, New Jersey.
Hansson, H., Ferguson, R., Olofsson, C., 2012. Psychological constructs underlying farmers’
decisions to diversify or specialise their businesses - an application of theory of planned
behaviour. J. Agric. Econ. 63, 465–482.
Hennessy, T., Moran, B., 2015. Teagasc National Farm Survey 2015. Teagasc Agricultural
Economics and Farm Surveys Department, Athenry, Co Galway, Ireland.
Howley, P., 2013. Examining farm forest owners’ forest management in ireland: The role of
economic, lifestyle and multifunctional ownership objectives. J. Environ. Manag. 123, 105–
112.
Howley, P., Buckley, C., O’Donoghue, C., Ryan, M., 2015. Explaining the economic
“irrationality” of farmers’ land use behaviour: The role of productivist attitudes and nonpecuniary benefits. Ecol. Econ. 109, 186–193.
Hyland, J.J., Heanue, K., McKillop, J., Micha, E., 2018. Factors underlying farmers’ intentions
to adopt best practices: The case of paddock based grazing systems. Agric. Syst. 162, 97–
106.
Image, M., 2016. Evaluation of the GLAS Phase 1 - Literature Review (Final). ADAS UK Ltd,
report number CPAE002.
Ingram, J., 2008. Are farmers in England equipped to meet the knowledge challenge of
sustainable soil management? An analysis of farmer and advisor views. J. Environ. Manag.
86, 214–228.
Jolliffe, I.T., 2002. Principal Component Analysis, 2nd ed, Encyclopedia of Statistics in
Behavioral Science. Springer, New York.
Kaiser, H.F., 1974. An index of factorial simplicity. Psychometrika. 39, 31–36.
Kania, J., Vinohradnik, K., Knierim, A., 2014. WP3 – AKIS in the EU : The inventory final
report volume I – Summary findings. Krakow.
Kannan, E., Ramappa, K.B., 2017. Analysis of farm-level adoption of soil nutrient management
technology by paddy farmers in Karnataka, India. Environ. Dev. Sustain. 19, 2317–2331.

Kelly, E., Heanue, K., Gorman, C.O., Buckley, C., 2016. High rates of regular soil testing by
Irish dairy farmers but nationally soil fertility is declining : Factors influencing national and
voluntary adoption. Int. J. Agric. Manag. 5, 106–114.
Knowler, D., Bradshaw, B., 2007. Farmers’ adoption of conservation agriculture: A review and
synthesis of recent research. Food Policy. 32, 25–48.
Lalani, B., Dorward, P., Holloway, G., Wauters, E., 2016. Smallholder farmers’ motivations for
using Conservation Agriculture and the roles of yield, labour and soil fertility in decision
making. Agric. Syst. 146, 80–90.
Läpple, D., Kelley, H., 2013. Understanding the uptake of organic farming: Accounting for
heterogeneities among Irish farmers. Ecol. Econ. 88, 11–19.
Lassaletta, L., Billen, G., Garnier, J., Bouwman, L., Velazquez, E., Mueller, N.D., Gerber, J.S.,
2016. Nitrogen use in the global food system: Past trends and future trajectories of
agronomic performance, pollution, trade, and dietary demand. Environ. Res. Lett. 11.
López-Mosquera, N., García, T., Barrena, R., 2014. An extension of the theory of planned
behavior to predict willingness to pay for the conservation of an urban park. J. Environ.
Manag. 135, 91–99.
Lu, C., Tian, H., 2017. Global nitrogen and phosphorus fertilizer use for agriculture production
in the past half century: Shifted hot spots and nutrient imbalance. Earth Syst. Sci. Data 9,
181–192.
Lun, F., Liu, J., Ciais, P., Nesme, T., Chang, J., Wang, R., Goll, D., Sardans, J., Peñuelas, J.,
Obersteiner, M., 2018. Global and regional phosphorus budgets in agricultural systems and
their implications for phosphorus-use efficiency. Earth Syst. Sci. Data 10, 1–18.
Macgregor, C.J., Warren, C.R., 2006. Adopting sustainable farm management practices within a
Nitrate Vulnerable Zone in Scotland: The view from the farm. Agric. Ecosyst. Environ. 113,
108–119.
Macgregor, C.J., Warren, C.R., 2015. Evaluating the impacts of Nitrate Vulnerable Zones on the
environment and farmers’ practices : A Scottish case study. Scottish. Geog. J. 132, 1–20.
Micha, E., Areal, F.J., Tranter, R.B., Bailey, A.P., 2015. Uptake of agri-environmental schemes
in the Less-Favoured Areas of Greece: The role of corruption and farmers’ responses to the
financial crisis. L. Use Policy. 48, 144–157.
Micha, E., Roberts, W., Ryan, M., Donoghue, C.O., Daly, K., 2018. A participatory approach for
comparing stakeholders ’ evaluation of P loss mitigation options in a high ecological status
river catchment . Environ. Sci. Policy. 84, 1–23.
Mills, J., Gaskell, P., Ingram, J., Chaplin, S., 2018. Understanding farmers’ motivations for
providing unsubsidised environmental benefits. Land use policy. 76, 697–707.
Monaghan, R., Hedley, M., Di, H., McDowell, R., Cameron, K., Ledgard, S., 2007. Nutrient
management in New Zealand pastures—recent developments and future issues. New Zeal.
J. Agric. Res. 50, 181–201.
Mueller, N.D., Gerber, J.S., Johnston, M., Ray, D.K., Ramankutty, N., Foley, J.A., 2012. Closing
yield gaps through nutrient and water management. Nature. 490, 254–257.
Myers, R., 1990. Classical and modern regression with application, The Duxbury advanced
series in statistics and decision sciences. PWS-Kent, Boston.
Nesme, T., Metson, G.S., Bennett, E.M., 2018. Global phosphorus flows through agricultural
trade. Glob. Environ. Chang. 50, 133–141.
Nunnally, J.C., 1978. Psychometric Theory, McGraw-Hill, New York.
Nuthall, P.L., Old, K.M., 2018. Intuition, the farmers’ primary decision process. A review and

analysis. J. Rural Stud. 58, 28–38.
Oenema, O., Pietrzak, S., 2002. Nutrient management in food production: achieving agronomic
and environmental targets. Ambio 31, 159–168.
Osmond, D.L., Hoag, D.L.K., Luloff, A.E., Meals, D.W., Neas, K., 2015. Farmers’ use of
nutrient management: Lessons from watershed case studies. J. Environ. Qual. 44, 382–390.
Pan, D., 2014. The impact of agricultural extension on farmer nutrient management behavior in
chinese rice production: A household-level analysis. Sustainability. 6, 6644–6665.
Pasuquin, J.M., Pampolino, M.F., Witt, C., Dobermann, A., Oberthür, T., Fisher, M.J., Inubushi,
K., 2014. Closing yield gaps in maize production in Southeast Asia through site-specific
nutrient management. F. Crop. Res. 156, 219–230.
Powell, J., Kambites, C., Reed, M., Gaskell, P., Lewis, N., Curry, N., 2012. The campaign for
the farmed environment: evaluation of partnership, local and wider impacts. Report to
DEFRA. Gloucester: CCRI. Gloucester: Countryside and Community Research Institute.
Prokopy, L.S., Floress, K., Klotthor-Weinkauf, D., Baumgart-Getz, A., 2008. Determinants of
agricultural best management practice adoption: Evidence from the literature. J. Soil Water
Conserv. 63, 300–311.
Prager, K and Thomson, K., 2014. Report for the AKIS inventory (WP3) of the PRO AKIS
project. Available at:
http://proakis.webarchive.hutton.ac.uk/sites/www.proakis.eu/files/Final%20Draft%20Country%20Report%20UK(1).pdf. Last accessed: 28/06/18.
Rahelizatovo, N.C., Gillespie, D.J., 2004. The adoption of best-management practices by
Louisiana dairy producers. Jounral Agric. Appl. Econ. 36, 229–240.
Renwick, A., 2013. The importance of the cattle and sheep sectors to the Irish economy. Dublin,
Irish Farmers Association.
Rezaei, R., Mianaji, S., Ganjloo, A., 2018. Factors affecting farmers’ intention to engage in onfarm food safety practices in Iran: Extending the theory of planned behavior. J. Rural Stud.
60, 152–166.
Ribaudo, M.O., Johansson, R.C., 2007. Nutrient management use at the rural-urban fringe: Does
demand for environmental quality play a role? Rev. Agric. Econ. 29, 689–699.
Robert, P., 1993. Characterization of soil conditions at the field level for soil specific
management. Geoderma. 60, 57–72.
Roberts, T.L., Johnston, A.E., 2015. Phosphorus use efficiency and management in agriculture.
Resour. Conserv. Recycl. 105, 275–281.
Roberts, W.M., Gonzalez-Jimenez, J.L., Doody, D.G., Jordan, P., Daly, K., 2017. Assessing the
risk of phosphorus transfer to high ecological status rivers: Integration of nutrient
management with soil geochemical and hydrological conditions. Sci. Total Environ. 589,
25–35.
Savage, J.A., Ribaudo, M.O., 2013. Impact of environmental policies on the adoption of manure
management practices in the Chesapeake Bay watershed. J. Environ. Manage. 129, 143–
148.
Senger, I., Borges, J.A.R., Machado, J.A.D., 2017. Using the theory of planned behavior to
understand the intention of small farmers in diversifying their agricultural production. J.
Rural Stud. 49, 32–40.
Sharpley, A.N., Weld, J.L., Beegle, D.B., Kleinman, P.J.A., Gburek, W.J., Moore, P.A., Mullins,
G., 2003. Development of phosphorus indices for nutrient management planning strategies
in the United States. J. Soil Water Conserv. 58, 137–152.

Sheriff, G., 2005. Efficient waste? Why farmers over-apply nutrients and the implications for
policy design. Rev. Agric. Econ. 27, 542–557.
Shortle, G. and Jordan, P., 2017. Agricultural Catchments Programme Phase 2 Report. Teagasc
Crops, Environment and Land Use Programme, Johnstown Castle Environment Research
Centre, Ireland.
Stuart, D., Schewe, R.L., McDermott, M., 2014. Reducing nitrogen fertilizer application as a
climate change mitigation strategy: Understanding farmer decision-making and potential
barriers to change in the US. L. Use Policy. 36, 210–218.
Sutton, M.A., Oenema, O., Erisman, J.W., Leip, A., Van Grinsven, H., Winiwarter, W., 2011.
Too much of a good thing. Nature. 472, 159–161.
Swain, M., Blomqvist, L., McNamara, J., Ripple, W.J., 2018. Reducing the environmental
impact of global diets. Sci. Total Environ. 610–611, 1207–1209.
Timprasert, S., Datta, A., Ranamukhaarachchi, S.L., 2014. Factors determining adoption of
integrated pest management by vegetable growers in Nakhon Ratchasima Province,
Thailand. Crop Prot. 62, 32–39.
Wall, D, P and Plunkett, M., 2016. Major and micro nutrient advice for productive agricultural
crops. Teagasc, Johnstown Castle, Co. Wexford, Ireland.
Wang, M., Ma, L., Strokal, M., Chu, Y., Kroeze, C., 2018. Exploring nutrient management
options to increase nitrogen and phosphorus use efficiencies in food production of China.
Agric. Syst. 163, 58–72.
Wauters, E., Bielders, C., Poesen, J., Govers, G., Mathijs, E., 2010. Adoption of soil
conservation practices in Belgium: An examination of the theory of planned behaviour in
the agri-environmental domain. L. Use Policy. 27, 86–94.
Weaver, R.D., 1996. Prosocial Behavior: Private Contributions to Agriculture’s Impact on the
Environment. L. Econ. 72, 231–247.
Wilson, R.S., Howard, G., Burnett, E.A., 2014. Improving nutrient management practices in
agriculture: The role of risk-based beliefs in understanding farmers’ attitudes toward taking
additional action. Water Resour. Res. 50, 6735–6746.
Wilson, R.S., Schlea, D.A., Boles, C.M.W., Redder, T.M., 2018. Using models of farmer
behavior to inform eutrophication policy in the Great Lakes. Water Res. 139, 38–46.
Xu, X., He, P., Pampolino, M.F., Li, Y., Liu, S., Xie, J., Hou, Y., Zhou, W., 2016. Narrowing
yield gaps and increasing nutrient use efficiencies using the Nutrient Expert system for
maize in Northeast China. F. Crop. Res. 194, 75–82.
Yiridoe, E.K., Atari, D.O.A., Gordon, R., Smale, S., 2010. Factors influencing participation in
the Nova Scotia Environmental Farm Plan Program. L. Use. Policy. 27, 1097–1106.
Zeng, Z., Cleon, C.B., 2018. Factors affecting the adoption of a land information system: An
empirical analysis in Liberia. Land use policy 73, 353–362.
Zeweld, W., Van Huylenbroeck, G., Tesfay, G., Speelman, S., 2017. Smallholder farmers’
behavioural intentions towards sustainable agricultural practices. J. Environ. Manag. 187,
71–81.
Zhang, W., Wilson, R.S., Burnett, E., Irwin, E.G., Martin, J.F., 2016. What motivates farmers to
apply phosphorus at the “right” time? Survey evidence from the Western Lake Erie Basin. J.
Great Lakes Research. 42, 1343–1356.

