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Abstract. Nitrogen and pesticide runoff from sugar cane farms have been identified as
modifiable factors to improve water quality entering the Great Barrier Reef. The long-term
protection of the Reef is therefore linked to the behaviours of sugar cane growers across
Queensland. The current study surveyed the attitudes and practices of 48 cane growers in
Queensland, focusing on psychological characteristics associated with farming practices and
innovation. Projects that are aligned with growers’ internal values, target their sense of identity,
improve their knowledge about projects, and increase their social connections may encourage
the adoption of farming practices linked to improved water quality. These findings highlight the
potential importance of utilising psychological science to enhance the design, delivery and
evaluation of projects aimed at improving farming practices.

Keywords: behaviour change, practice change, innovation, water quality, sugar cane, Great
Barrier Reef

Introduction

The Great Barrier Reef (GBR) holds great cultural and economic value in Queensland, contributing
to an estimated 15-20 billion dollars of revenue annually (Brodie & Pearson 2016). In addition,
the Reef is home to a large number of marine species, supporting biodiversity. As such, protecting
the Reef remains one of Australia’s foremost environmental priorities. Whereas anthropogenic
climate change is the biggest contributor to the Reef’s declining health (Hughes et al. 2017), other
modifiable factors have also been identified (Department of Environment and Heritage Protection
2015a). Among these are agricultural variables such as nitrogen and pesticide runoff from sugar
cane farms (Brodie & Pearson 2016). The presence of nitrogen in the water is linked to an
increased risk of Crown of Thorns and algal blooms, which are among the most significant, yet
modifiable, threats to Reef health. In addition, some effects of climate change, such as ocean
acidification also interact with these agricultural variables. Thus, targeting cane growers’ farming
practices to minimise runoff from farms is a potentially powerful avenue for improving GBR water
quality.

Despite knowledge of the importance of farmers’ agricultural behaviours in promoting Reef health,
relatively little attention has been paid to the factors that motivate farmers to change their
practices. Previous research in the environmental sector has focussed mainly on farmers’ adoption
of conservation practices (see Greiner, Patterson & Miller 2009; Greiner & Gregg 2011; Emtage
& Herbohn 2012; Larson, De Freitas & Hicks 2013). However, not all new farming practices that
are adopted by growers are necessarily linked to conservation. Farming decisions need to balance
an interplay of financial versus environmental benefits, as the two may not always be compatible.
Growers also have different levels of engagement with issues of environmental health (Emtage &
Herbohn 2012), and do not adopt new innovations simultaneously (Diederen, Meijl & Wolters
2003). Even when new practice innovations are accepted, they may not be adopted completely.

Adding to the problem, water quality measurements are recorded over a long timescale and are
required to account for multiple contributors, making it hard to link any one farm or any specific
practice to fluctuations in water quality (Neil et al. 2002; Brodie et al. 2012). Analyses indicate
that neighbouring farms may have diverse types of soil and varying land types such as hills and
marshes, meaning the same farming practices on different farms can lead to different water
quality outcomes (Carroll et al. 2012). Combined with the uncertainty surrounding water quality
measurement, these factors can lead to a lack of trust on the part of the growers towards scientific
reports (Ahnstrom et al. 2009). Consequently, communications with cane growers that centre
only around the issue of water quality and the GBR may be unlikely to elicit significant changes
in farming practices.

Multiple approaches and initiatives targeted towards encouraging adoption of farming practices
that minimise nitrogen and pesticide runoff from sugar cane farms have been previously trialled
(Department of Environment and Heritage Protection 2015b). However, such initiatives rarely
take a systematic approach to changing the farming practices of cane growers (Hajkowicz 2009).
One exception to this is the Smartcane Best Management Practice (BMP) program. Smartcane
BMP is an industry developed program consisting of modules designed to optimise cane growers’
farming practices (Schroeder et al. 2008). The program targets a full suite of farming practices
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from nutrient and soil management, to business practices and sustainable production. A feature
of Smartcane BMP is that is provides a tool for the industry to demonstrate its commitment to
farming practices that support improved water quality (through careful nutrient management).
Growers may either be completely uninvolved with Smartcane BMP (not registered), be registered
for the program and self-assessed against the industry standard of practice (benchmarked), self-
assessed and completing some of the modules (working toward accreditation), or have completed
all required modules (accredited). These brackets also broadly correspond with the idea of non-
or partial adoption versus full adoption of conservation practices. Current engagement with
Smartcane BMP represents over half the area under cane production in Queensland (200,000 ha;
Kealley & Quirk 2016). However, the level of accreditation is mixed, with some regions of the
cane industry showing fewer than 10% of growers accredited in the program (CANEGROWERS
2016), whereas the area accredited between Ingham and Mossman is 25% (CANEGROWERS
2017). Nonetheless, the program remains one of the most widespread practice change initiatives
within the cane industry, and thus provides a basis for examining cane growers’ engagement with
the adoption of certain farming practices.

As identified by Kealley and Quirk (2016), there is no one single driver for engagement in
Smartcane BMP, rather a mix of reasons depending on a grower’s personal perceptions, business
drivers, access to support and connectivity to the community and industry. Beyond participation
in Smartcane BMP, growers who are more innovative may be more likely to adopt a variety of
practice changes, amongst which are included conservation practices. To what extent Smartcane
BMP itself is associated with innovation is also worth exploring. Studying BMP adoption in
conjunction with factors related to innovation may help inform what drives practice change within
the industry. Thus, an opportunity exists to utilise psychological science to bring about an
enhanced understanding of the factors that motivate behavioural change and innovation within
the industry and use this knowledge to inform the design of evidence-based behavioural change
programs.

Psychological factors related to behaviour change

There are numerous psychological factors that are known to influence behaviour (See Pickering,
Hong, Hong & Kealley 2017 for a full review). However, there are a number of key factors that
are likely to be especially relevant in the context of understanding cane farmers’ practices. Both
agricultural and psychological sources were consulted to identify potentially relevant psychological
constructs. These constructs were then used to develop a model of how psychology may be used
to influence practice change. Six main constructs were identified: intrinsic motivation, self-
efficacy, recognition, information value, social identity and mental health. Figure 1 illustrates a
proposed model of how these factors may be linked to the adoption of new farming practices and
subsequently improved water quality. The idea is that by targeting a combination of these factors,
adoption of new environmentally friendly farming practices can be increased. In turn, this will
lead to improved water quality through the reduction of nitrogen and pesticides runoff into the
GBR. For the purpose of the current study, innovation was defined as growers generating, testing,
participating or utilising new implements, technologies, ideas, or farming systems on their farms
that are new to their farm or district.

Figure 1. Proposed model for how psychological factors can lead to improved water

quality
| Intrinsic Motivation
| Self-Efficacy
| Recognition
BMP accreditation .| Adoption of new .| Improved water quality
"| « Innovation | farming practices "

| Information Value

[ social 1dentity

LITTTT

| Mental Health

Intrinsic motivation. Intrinsic motivation refers to any internal factor that can motivate behaviour.
In the cane industry, intrinsic motivators might include a grower’s family, well-being, lifestyle,
pride, or any other internal values related to their motivations for working in the cane industry
(Ryan, Erickson & De Young 2003; Greiner, Patterson & Miller 2009). It is important to ensure
that the desired behaviour change aligns with the internal values of the person whose behaviour
is being targeted (Cerasoli, Nicklin & Ford 2014). Without this, attempting to modify behaviour
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without considering internal motivations may result in reduced likelihood of a successful
intervention (Ryan, Erickson & De Young 2003; Blackstock et al. 2010). Research in related
settings provides support for the importance of intrinsic motivation. For example, graziers have
been shown to be more motivated by lifestyle or conservation values than economic or financial
reward when it came to adoption of conservation practices (Greiner, Patterson & Miller 2009).

Social identity Social identity refers to an individual’s knowledge that he belongs to some kind of
group, where membership of this group is associated with emotional significance (Tajfel 1974).
The more strongly a person identifies with their social group, the more likely they are to abide by
the rules and behaviours demonstrated by this group. Evidence already indicates sense of place
of residents of the GBR catchment area was strongly tied to the importance of their natural
environment. Information about new farming practices is also likely to be socially shared (Pannell
et al. 2006), meaning that growers who are better connected may be more informed about the
risks and benefits of these practices. A cane grower’s sense of identity as a grower, especially in
their connection to a specific geographical region, may be an important influence upon their
ongoing willingness to adopt new farming practices.

Self-efficacy The degree of control which people feel they have over their environment is an
important determinant in peoples’ willingness to change behaviour. If a person does not feel that
their behaviour is likely to have any impact on their environment, they are unlikely to change
(Bandura 1977). In the face of a threat, feelings of control can help encourage behaviour change
(Hornsey et al. 2015), and help individuals respond constructively to the threat (Greenaway et
al. 2013). Highlighting elements of cane growing that are controllable may thus improve a cane
grower’s sense of self-efficacy, and in doing so boost their willingness to adopt new farming
practices.

Recognition Feedback is essential in encouraging any form of behaviour change, and positive
feedback has been shown to be more effective than negative feedback (OECD 2017). Promoting
a positive sense of recognition around the cane industry and rewarding behaviours in line with
the desired suite of practices, may contribute to increased desire among growers to adopt new
farming practices. There is also often a lack of recognition for cane growers own knowledge of the
environment (Ahnstrom et al. 2009; Blackstock et al. 2010). Many growers feel a strong sense of
pride as custodians of the land, often accompanied by many years of farming experience (Ryan,
Erickson & De Young 2003). When proposing practice changes, these elements of knowledge and
pride are typically not accounted for (Blackstock et al. 2010). Assessing the extent to which
growers feel recognised for their knowledge and ongoing contribution to the wellbeing of the
environment may, therefore, provide insight into as to whether they feel included in the process
of change, and whether this is impacts upon their willingness to participate.

Information value Forming an understanding of what is involved with the implementation of new
farming practices is a crucial factor in minimising risk and encouraging adoption of the practice
(Pannell et al. 2006). A study in the UK showed that when conservationists showed and explained
to farmers the wildlife on their farms they were more willing to take conservation actions
(Ahnstrém et al. 2009). Additionally, graziers who were early adopters of BMP rated improving
knowledge as significantly more important than late adopters (Greiner, Patterson & Miller 2009).
Evaluating the knowledge growers currently possess about their farming practices and water
quality, as well as to what extent they would like to improve their knowledge could therefore
provide targets for communications around farming practices.

However, information provision on its own, or solely scientific information, is not sufficient for
behaviour change (Pannell et al. 2006). Information should ideally be delivered by a credible
source, especially when there is minimal personal experience or high risk (Blackstock et al. 2010).
Determining who growers trust might then provide an avenue for recommendations about future
communications around the issue of GBR health.

Mental health Aspects of rural life, such as geographical isolation (leading to fewer social
networks), economic and political factors, as well as stigma surrounding mental health problems
can all increase growers vulnerability to mental health issues, including suicide (Hirsch 2006). It
has been found previously that non-adoption of agri-environmental schemes may be linked to
poorer mental health (Hounsome, Edwards & Edwards-Jones 2006). Climate change and other
natural disasters or environmental pressures (such as the GBR) may also adversely affect the
mental health of those living in rural populations (Morrissey & Reser 2007). Consequently, mental
health of cane growers should also be considered when examining factors affecting success and
innovation in the cane industry.
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The current study

The current study seeks to investigate how psychological factors may be related to Smartcane
BMP accreditation and innovation within the cane industry. Intrinsic motivation, social identity,
self-efficacy, recognition, information value, and mental health were identified as specific
psychological constructs of interest. How these related to Smartcane BMP accreditation as a
marker of practice change, as well as innovation within the cane industry more broadly was
analysed. In doing so, a potential link between psychological constructs, practice change and
innovation, and water quality can be identified.

Methods
Participants

The participants for this study were 48 sugar cane farmers residing in far north Queensland,
Australia. Participants were recruited via the CANEGROWERS organisation, using social media,
newsletters and targeted emails. Participants completed the survey voluntarily, and their details
were entered into a competition to win a bottle of Bundaberg Master Distillers Collection Black
Barrel Rum. See Table 1 for a full summary of demographic variables.

Table 1. Means and standard deviations for the demographic variables

Variable (unit) Mean SD Min Max
Age (Years) 54.13 13.82 24 83
Years Canegrowing 27.19 16.68 1 60
Farm Size (Ha) 275.41  280.46 20 1200
Sugar cane Tonnage (per Ha) 86.68 2396  42.85 150

Design and procedure

The questionnaire was conducted using a within-groups correlational design. Data were collected
over the second half of 2016. All items were self-report. Participants were directed to complete
the survey either online, over the phone, or in person. The survey took approximately 30 minutes
to complete. The order of questions remained the same for each participant.

Statistical analysis

The results were analysed using IBM SPSS Statistics (version 22). Correlations were run
between the identified psychological factors, Smartcane BMP accreditation and innovation
questions, using Pearson’s bivariate correlation (rps) and Spearman’s rho (rs) for continuous and
dichotomous variables, respectively. Cronbach’s alpha (a) was used to assess the internal
consistency between items which formed scales.

Materials

The data for this study were collected as part of a broader study on the attitudes and practices of
cane growers in Queensland. From the initial survey, items were extracted relating to the
identified psychological constructs relevant to the current study.

Psychological constructs The intrinsic motivation construct included questions on how important
each of the following items were to growers in terms of their importance to the future: their
family, their farm’s long-term survival, their children’s or grandchildren’s future, the GBR, and
advances in scientific understanding (1 = not very important, 5 = extremely important). Growers
were also asked if their children or grandchildren were likely to take over the running of their
farm (0 = no, 1 = yes) and their relationship status (0 = single, 1 = married / de facto). Questions
relating to how likely growers were to continue working in the cane industry (1 = very unlikely, 5
= very likely), if they had a desire to improve their farming practices (1 = not at all true, 5 = very
true), and their level of concern for the future of the Queensland cane industry (1 = not at all
concerned, 5 = very concerned) were also included.

The construct of social identity was formed through questions on whether growers felt they could
turn to other growers for advice and if they felt part of a community of cane growers, both coded
dichotomously (0 = no, 1 = yes). An industry identity scale was also formed (with acceptable
reliability; a = .74) based how much growers identified with their mill, region, district, and the
Queensland cane industry (1 = don't identify at all, 5 = strongly identify).

Self-efficacy was assessed through a single item asking growers how important it was to be able
to control and regulate their own farming practices (1 = not at all, 5 = very). How responsible
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growers felt for water quality personally, and how responsible the cane industry was overall (1 =
not at all responsible, 5 = biggest contributor), as well as how responsible the cane industry was
compared to other industries (I = much less than other industries, 5 = much more than other
industries) was also assessed.

Recognition was assessed through a dichotomous item asking growers if they wished the cane
industry was better recognised for how innovative it is (0 = no, 1 = yes) and if they felt they the
Queensland government was supportive towards cane growers (1 = not at all supportive, 5 =
very supportive).

The information value construct was formed through comparing eight items on how influential
they were in growers making changes to their farming practices (1 = not at all influential, 5 =
extremely influential). This construct also included questions assessing growers trust for various
organisations, including the Queensland Government, the Australian Government, NRM groups,
the CANEGROWERS organisation, the media, scientists/researchers, other growers, mill
operators, fertiliser suppliers and productivity services groups.

A mental health scale was formed based on three items surrounding the amount of stress, anxiety,
and depression growers each experience in a typical week (1 = none at all, 5 = much more than
I would like). These items were then combined to form an indication of canegrowers overall mental
health. This scale had good reliability; a = .88. The scale was also reverse scored so that higher
scores reflected better mental health.

Smartcane BMP accreditation and innovation Growers’ Smartcane BMP attainment was assessed
through a single item asking growers to report their accreditation status (0 = not accredited, 1 =
benchmarked, 2 = accredited). Innovation was measured through three items, including growers’
self-rated innovation (1 = much less than other growers, 5 = much more than other growers),
how innovative they thought the Queensland cane industry was (1 = not at all, 5 = very), and
how important they thought innovation in the cane industry was (1 = very unimportant, 5 = very
important). Whether growers had a desire to learn about new farming techniques and practices
was also assessed (1 = not at all true, 5 = very true).

Water guality Growers were asked how important they thought it was that something be done to
improve water quality in the GBR (1 = not at all important, 5 = very important).

Results
Missing data analysis

One participant was missing more than 50% of their data and was subsequently excluded from
analysis. The remaining data were missing completely at random: x? (df, 1550) = 1138.42, p =
1.00. In all further analyses missing data were substituted using pairwise deletion (N=48).

BMP accreditation and innovation

Figure 2 provides a summary of correlations between psychological variables, BMP accreditation
and innovation.

Demographics Smartphone and email use were both positively correlated with Smartcane BMP
accreditation, r = .448, p = .002 and r = .323, p = .028. Innovation importance was negatively
correlated with age, rs = -.351, p = .018, but positively correlated with farm size, rs = .304, p =
.038.

Intrinsic _motivators Relationship status positively correlated with perceived innovation of the
Queensland cane industry, rpp = .286, p = .049, such that growers who were in a relationship
were more likely to rate the Queensland cane industry as innovative. Growers self-rated
innovation compared to other growers was positively correlated with the possibility that their
children or grandchildren would take over the running of their farm, rpp = .427, p = .003.

Smartcane BMP accreditation was positively correlated with growers’ likelihood of continuing to
work in the cane industry, r = .380, p = .009. Concern for the future of the Queensland cane
industry was positively correlated with growers’ own self-rated innovation compared to other
growers, r = .304, p = .045, as well as a desire to improve farming practices, r = .443, p = .003
and importance of improving water quality, r = .400, p = .009.

The importance to the future of various variables in cane growers’ lives was assessed using a one-
way repeated measures ANOVA with Greenhouse-Geisser correction. Importance differed
significantly between variables, F (5, 180) = 21.75, p < .001. Post-hoc tests using Bonferroni
correction revealed that understanding science was rated as less important than all other
variables, all ts = -5.19, ps < .001.
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Figure 2. Correlations between psychological factors and BMP accreditation and
innovation

=IZ T ———+ Smartphone Use

= Email Use

-

Demographics <=

BMP Accreditation

_ Relationship Status

_~"__ ¥ Succession Plans
- -
-~
— " . .
== N Py Desire to improve farmin
Intrinsic Motivation [€=————___ | Continue workingin ractices ¢

S~ cane industry p

~

S~ Concern for the future

M of the QLD cane
industry

Innovation Importance

Social Identity <z——————-

own Innovation

Importance of being
able to control and
regulate own farming
practices

Self-Efficacy ~ ————————— > QLD Cane Industry Innovation

Cane industry should
___ —-¥| be better recognised
—— for how innovative it is

Recognition <=Z

T~< How supportive QLD
~» government is
towards cane growers

Mental Health (stress,
anxiety, depression)

———————— | 4 Direction of theoretical relationship

Importance of Improving
Water Quality

MentalHealth ————————

[ psychological constructs

|:| Psychological variables
Indicates correlations significant at

the p < .05 level |:| Markers of success

Social identity Feeling part of a community of canegrowers positively correlated with a desire to
improve farming practices, rop = .454, p = .002 and how innovative growers thought the
Queensland cane industry was, rpp = .445, p = .002. Industry identity and feeling like they could
turn to other growers for advice also both positively correlated with ratings of the Queensland
cane industry’s innovation, r = .357, p = .020, and r» = .362, p = .015, respectively.

Self-efficacy How innovative growers thought they were compared to other growers positively
correlated with a desire to improve farming practices, r = .443, p = .002. Importance of being
able to control and regulate their own farming practices was positively correlated with industry
identity, rs = .369, p = .018, a desire for the cane industry to be better recognised for how
innovative it is, rp = .344, p = .019 and with feeling like they could turn to other growers for
advice, rpp = .356, p = .019, but negatively correlated with social media use, rs = -.358, p = .015.

The responsibility growers felt for water quality of the GBR was assessed using a one-way
repeated measures ANOVA with Greenhouse-Geisser correction (although full degrees of freedom
are reported here). Feelings of responsibility differed significantly depending on how responsibility
was framed, F (2,88) = 11.92, p < .001. Post-hoc comparisons with Bonferroni correction revealed
that growers felt significantly less personal responsibility than responsibility that was attributed
to the cane industry overall, t = -5.17, p < .001, and relative to other industries t = -3.10, p
<.001. There was no difference between cane industry responsibility overall and relative to other
industries, t = 1.60, p = .096.

Recognition Smartcane BMP accreditation positively correlated with a desire to be better
recognised, rpp = .351, p = .014 and perceived government support, r = .369, p = .018. However,
government support negatively correlated with concern for the future of Queensland cane, r =
.342, p = .036. How innovative growers thought the Queensland cane industry was and likelihood
of continuing to work in the cane industry both positively correlated with a desire for the cane

http://www.apen.org.au/rural-extension-and-innovation-systems-journal 67




Rural Extension & Innovation Systems Journal, 2018 14(1) - Research © Copyright APEN

industry to be better recognised for how innovative it is, rpp = .646, p < .001 and, rpp = .375, p
= .010, respectively.

Information value The level of influence different variables on growers’ farming practices was
assessed using a one-way repeated measures ANOVA with Greenhouse-Geisser correction
(although full degrees of freedom are reported here). Different variables had significantly different
levels of influence, F (7,217) = 6.14, p < .001. Post-hoc comparisons with Bonferroni correction
showed that improving productivity was rated more influential than all other variables, all ts >
3.48, all ps < .042. Better access to knowledge was rated as significantly more important than
other growers, t = 4.45, p = .003. No other comparisons were significant.

The level of trust growers had for different organisations in the cane industry was assessed using
a one-way repeated measures ANOVA with Greenhouse-Geisser correction (although full degrees
of freedom are reported here). Level of trust for different organisations was significantly different,
F (9, 288) = 37.62, p < .001. Post-hoc comparisons with Bonferroni correction revealed that
productivity groups, the CANEGROWERS organisation and other growers were all rated as more
trustworthy than any other groups, all ts > 3.83, ps < .011, although there was no difference
between them, all ts < 1.66, all ps = 1.00. The least trusted groups were the Australian (ts = -
3.94, ps < .035) and Queensland (ts = -.879, ps < .011) governments, along with the media, ts
> -.939, ps < .002.

Mental health Mental health positively correlated with government support, r = .350, p = .036
and importance of improving water quality, r = .459, p = .004.

Discussion

The aim of this study was to explore the psychological variables associated with Smartcane BMP
accreditation and innovation in the cane industry. The findings indicate that Smartcane BMP
accreditation is associated with technology use, a desire to be better recognised, and government
support. Smartphone and email use were both associated with Smartcane BMP accreditation. This
suggests that growers who are Smartcane BMP accredited are more likely to be engaged with
technology. It is likely that these growers share some underlying trait which is leading them to
be more engaged overall. Identifying this factor could help with understanding drivers of success
in the cane industry.

The findings also indicate that innovation in the cane industry is associated with age and farm
size, family and succession plans, being able to control and regulate farming practices and social
connectedness. Younger growers thought innovation in the cane industry was more important
than older growers, which is in line with previous findings suggesting younger farmers are more
likely to engage in conservation schemes and adopt new technologies (Ahnstrém et al. 2009).
Growers with bigger farms were also more likely to rate innovation as more important. Farm size
has previously been identified as related to innovation adoption (Pannell et al. 2006), however
somewhat inconsistently (Ahnstréom et al. 2009). Thus, whilst farm size is related to innovation it
may only play a small role in comparison to other variables.

Psychological factors

Intrinsic motivators Growers who were in a relationship were more likely to rate the Queensland
cane industry as innovative, suggesting spouses and partners may be a strong protective factor
in encouraging innovation. Specifically, cane growers may be driven by family motivations when
it comes to innovation receptivity. This idea is further supported by the finding that growers with
succession plans for their farms were also more likely to rate themselves as more innovative. This
suggests that when motivated by the desire to pass on their farm to future generations, growers
may be more willing to adopt new innovations. This in line with previous findings which have
shown strong ties between succession plans and willingness to adopt conservation practices
(Ahnstrém et al. 2009), acknowledging that there might be a commonality between those farmers
that have succession plans and their likelihood of engaging in innovative practices.

Understanding science was rated as the least important variable in considering the future, a
finding which has been reported consistently throughout the agricultural literature (Ahnstrém et
al. 2009). In addition, the GBR was rated as neutral in terms of importance. This could reflect the
combination of growers’ feelings of stewardship over the land with the utilitarian actions they
often need to take to maintain their farms. Although the reef is at the centre of the water quality
debate, there are many other factors which are contributing to farmers’ actions, such as economic
viability. This interplay between connection with the land versus the practicalities of farming has
previously been identified as interacting with growers’ motivations for change (Ahnstrom et al.
2009). For example, farmers may be aware of new conservation practices, but be in an unviable
economic position to trial them.
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Social identity Feeling part of a community of canegrowers was associated with a desire to
improve farming practices and an increased likelihood of rating the Queensland cane industry as
innovative. Additionally, industry identity and feeling like growers could turn to other growers for
advice were also both associated with ratings of Queensland cane industry innovation. Previous
studies have shown similar links between participation in community activities and BMP adoption
(Emtage & Herbohn 2012). The current study extends these findings specifically towards
innovation, and thus provides evidence for the role of social identity in providing a platform for
innovation within the cane industry. Thus, by encouraging growers to engage more within the
cane growing community, efforts to extend innovation within the cane industry may be enhanced.

Self-efficacy Growers self-rated innovation compared to other growers was positively linked to a
desire to improve farming practices. This finding is promising as it suggests a direct link between
innovation and farming practices which are targeted at improving nitrogen and pesticide runoff.
Cane growers rated themselves as less personally responsible for GBR water quality than they
felt the cane industry was overall and relative to other industries. This suggests that there may
be some diffusion of responsibility among growers, where individual growers fail to recognise their
own impact on the reef or believe that the problem lies among other growers. Research has shown
previously that farmers may be aware of conservation issues, but attribute them to the actions of
other farmers (Ahnstrom et al. 2009). Consequently, future initiatives should move beyond raising
awareness of an issue to designating individually goals and actions which are able to be taken to
address it. In line with this, providing immediate, actionable goals for changes is likely to be more
effective than broad recommendations (Blackstock et al. 2010).

Recognition A desire for the cane industry to be better recognised for how innovative it is, was
linked to both how innovative growers thought the Queensland cane industry was and their
likelihood of continuing to work in the cane industry. This suggests that those growers who are
currently most engaged with their industry are not receiving recognition for their efforts.
Integrating positive recognition for what growers have already accomplished may then encourage
those growers who are engaged with the issue of water quality, but not currently acting on it to
take the next step in the implementation of new farming practices (Emtage & Herbohn 2012).
This may be especially effective among growers who are benchmarked in Smartcane BMP (partial
adopters) but not yet fully accredited.

Information value The most influential factor on growers’ farming practices was being able to
improve their productivity. This suggests that interventions targeted at changing growers’
behaviour should frame the benefits in terms of farming outcomes, rather than the GBR, whole
noting that some growers will remain highly motivated to act in the interests of better
environmental outcomes. How information is framed is thought to affect behaviour change, such
that more personally relevant information encourages change more effectively (Blackstock et al.
2010). Additionally, better access to knowledge was also rated as more influential than other
growers. This aligns with previous findings which suggest that greater information and awareness
leads to greater behavioural change (Blackstock et al. 2010). Productivity groups, CANEGROWERS
and other growers were all rated as trustworthy within the cane industry. This suggests that these
groups may be effective messengers for targeted communications about the cane industry.

Mental health Growers’ mental health correlated with perceived government support, such that
increased support was linked to better mental health, and vice versa. However, as the data is
correlational it is unclear what direction this relationship takes. Poor mental health may be
contributing to negative perceptions of government communications which are unrelated to any
specific government actions. Alternatively, too much negative government messaging could
compound existing mental health problems. Growers with worse mental health also felt improving
water quality was less important. Subsequently, improving mental health may allow for more of
growers’ attention to be directed towards the issue of GBR water quality. Specific ways in which
mental health may be targeted needs further exploring, including what role government
communications play.

Implications for water quality

Increasing growers’ sense of control over their environment by creating flexible and tailored
programs for change is likely to increase engagement with initiatives to change farming practices.
An effort should be made to recognise growers for their already existing knowledge and
contributions to the cane industry, creating a positive feedback loop wherein this feedback can
boost self-efficacy and enhance internal motivations, leading to increased changes in farming
practices. Growers also need to be kept informed about changes within the cane industry, in a
way that is relevant to them and from trusted groups. Community engagement should also be
promoted, which may increase the likelihood of changes in farming practices becoming a social
norm and thus more self-sustaining. Finally, it is important that growers’ mental health and
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wellbeing is not adversely affected as a result of increased attention from the GBR, and that
appropriate resources are provided to support growers in the adoption of new practices.

Rather than targeting farming practices directly, future approaches may benefit from adapting
underlying psychological factors which influence farming practices to begin with. This could include
identifying which factors are most relevant to practice change for any given grower and designing
personalised, tailored interventions around them. Such an approach would focus on sustained
behaviour change through targeting the causes of behaviour, rather than just actions. In doing
so, practice changes are more likely to align with farmers’ internal motivations and values and be
framed in a way which highlights the benefits to growers themselves, thus increasing the
likelihood of adoption. This means environmentally friendly farming practices are likely to be
sustained, leading to long-term benefits for reef health.

Limitations and directions for future research

The sample for this study was recruited via the CANEGROWERS organisation and encompassed a
relatively small number of growers from each district. Future iterations of this research will benefit
from including additional growers from all parts of the cane growing community. In addition, all
the measures included in the study were self-report. However, given the difficulty in assessing
psychological constructs objectively, it is still likely that these results still form a representative
idea of psychological constructs which may be impacting grower behaviours. Future research
would benefit from experimentally varying the identified psychological constructs. Growers who
score high or low on each of the psychological variables could be compared, allowing for causal
inferences to be made in terms of the impact of these variables on farming practices.

Growers interpretation of what innovation means could also vary on an individual level. For
example, innovation could be interpreted both as the adoption of new technologies or learning
about already existing practices. Future studies should focus on providing a consistent definition
on innovation within the cane industry leading to a better understanding of how it relates to
practice change.

Conclusion

This study provided support for the integration of psychological variables in the design and
implementation of projects targeted at changing cane growers farming practices. Intrinsic
motivations, social identity, desire for control, recognition, information, and mental health were
all shown to be correlated to some extent with Smartcane BMP accreditation and/or innovation in
the cane industry. The lack of consideration of these factors in past projects may help to explain
why adoption of practice changes has been minimal.

Consequently, future initiatives may benefit from the utilisation of psychological science to
encourage farming practice change. These changes may directly or indirectly improve GBR water
quality, either through changing practices such as fertiliser application, or through improving
attitudes associated with water quality. The overall benefit to water quality could then decrease
the environmental impact of farming practices on the GBR, ultimately helping to contribute to its
increased health.
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