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EXECUTIVE SUMMARY
In response to recommendations in the Reef 2050 Water Quality Improvement Plan (WQIP)
(2017), this project contributes information to support and guide investment and planning
decisions that translate into water quality improvement benefitting the Great Barrier Reef World
Heritage Area and adjacent catchments. The primary purpose of this research project was to
evaluate the effectiveness of programs supporting farming practice change, identify enablers
and barriers to farming practice change adoption and to examine the cost effectiveness of past
and current government investments in projects supporting farming practice changes. This
final report details the research activities and research outputs undertaken over the course of
the three-year project.
The aims of the study were pursued through a mixed methods approach including costeffectiveness and social assessment methods (interviews, surveys, Creating Collective
Solutions, observations) and an evidence review. Social assessment methods focus on
achieving a deep understanding of the behavioural and contextual factors that influence project
engagement and practice change outcomes. This research project draws from a systemsthinking approach in which complex problems are addressed within the very complexity that
produces them. By exploring elements of complexity, including assumptions, socio-cultural
beliefs and values, operations and interactions within a system, it is possible to identify factors
facilitating and preventing changes in farming practices and water quality improvements to
benefit the Great Barrier Reef (GBR).
Over a three-year period the NESP TWQ Hub Project 4.12 team evaluated nine projects aiming
to reduce nitrogen, pesticide and sediment levels in waterways draining into the Great Barrier
Reef. This project draws on primary data from more than 500 data points that included tender
submissions, interviews, workshop participation, completed surveys and observed events.
Secondary data from more than 200 surveys and 6,000 records were desk reviewed and
analysed by the project team. More than 200 enablers and barriers to engagement in projects
and lasting behaviour change were identified by the project team and these were synthesised
in seven categories. Twenty factors that enable engagement in practice change projects were
identified. An absence of enabling factors within a project serves as a barrier and therefore
efforts to ensure enabling factors are factored into program logic models are a priority. Program
logics ensure that factors needed to support lasting practice change are monitored and
evaluated. Realist evaluation methods are recommended. Eleven barriers to practice change
were identified. Consideration must be given to barriers to ensure these are removed to
facilitate engagement in practice change projects. Cost effective methods to reduce nitrogen
are evident and can be continued. Considerations must be given to ensuring that projects learn
from past experience gained in the sector. Specifically, project plans that account for barriers
and enablers to engagement in practice change projects will optimise outcomes to hasten
progress to achieve the Reef 2050 Water Quality Improvement Plan targets.
The outcomes of this research project point to the need for a holistic approach that clearly
acknowledges the issues and identifies and implements solutions in consultation with
stakeholders. Monitoring and evaluation approaches that increase shared responsibility will
support further progress. The introduction of key performance indicators for all funded
stakeholders operating within the system is recommended.

1

Rundle-Thiele

1.0 INTRODUCTION
Since 2015, the Reef 2050 Long Term Sustainability Plan (Reef 2050 Plan), a joint plan
between the Australian and Queensland Government Reef Water Quality Program that was
endorsed by the World Heritage Committee, has served as a shared blueprint for managing
the Great Barrier Reef and improving its health and resilience. The Reef 2050 Plan outlines a
partnership approach implemented with governments, Traditional Owners, the community,
industry and scientists. In 2015, the Great Barrier Reef Water Science Taskforce was
established by the Queensland Government Reef Water Quality Program to address concerns
raised about progress made to date towards achieving water quality targets. Calls were made
for acceleration in approaches to ensure that the intermediate and long-term targets outlined
in the Plan could be met. Sediment and chemical run-off from farms into waterways is
preventable and a co-ordinated response across stakeholder groups is needed to realise the
outcomes sought.
Over time a considerable number of programs and projects have been implemented with the
aim of improving the ecological health of the Great Barrier Reef (GBR). Many of these
programs and projects have focused on changing farming practice to reduce loads of
catchment-sourced stressors, principally nutrients, fine sediment and pesticides which act to
reduce Reef resilience (Queensland Government Reef Water Quality Program, 2018). Other
programs have also sought to incentivise land use changes – such as wetland conversion and
wetland restoration – which can actively reduce nutrient, sediment and pesticide loads
delivered to the GBR Lagoon.
Considerable quantities of data have been collected on these programs, tracking expenditures,
detailing voluntary uptake of programs across the agricultural sector and, to a lesser extent,
recording outcomes in the Reef Lagoon. The Reef 2050 Water Quality Improvement Plan
2017-2022 identified that changes in on-ground management, improvements to program
design, delivery and evaluation systems were an urgent need, along with greater incorporation
of social and economic factors, and better targeting.
Set within this landscape the NESP TWQ Hub Project 4.12 aimed to:
a) evaluate the cost-effectiveness of selected programs with regard to their impacts on
Reef health (cost-effectiveness)
b) to understand reasons behind program uptake (or not), and,
c) where appropriate, to understand the extent to which the different approaches have
previously or can be expected to engender lasting practice change that in turn
enhances water quality.
While the Reef 2050 Water Quality Improvement Plan 2017-2022 identified that changes in
on-ground management, improvements to program design, delivery and evaluation systems
were an urgent need this may yet to have materialise in the sector with privacy concerns, lack
of trust and a host of factors contributing. The NESP TWQ Hub Project 4.12 team experienced
difficulties obtaining available data and stakeholder cooperation to establish evaluative data
collection across the life course (2018-2020) of this project.
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Utilising a mixed method approach the research team examined the evidence base, collected
primary data and evaluated data sources made available to the project team. The primary
purpose of this project was to evaluate past and current government investments in practice
change to identify enablers to lasting practice change, identify barriers to practice change
(social research methods) and evaluate the cost-effectiveness of projects.
In line with recommendations in the Reef 2050 Water Quality Improvement Plan (Queensland
Government, 2018, p. 20), this project adopted a reflexive stance, offering project leaders and
program funders the opportunity to undertake social research and cost-effectiveness
assessments. In practice very few social or cost-effectiveness assessments were undertaken
by the NESP TWQ Hub Project 4.12 team, despite completion of extensive stakeholder
meetings and the delivery of proposals outlining the research approach that would be
undertaken to assess project progress over time.
Our project experience and tranches of work that we were able to complete provide investment
guidance delivering an understanding of project characteristics that effectively engage farmers
in practice change and cost-effective approaches that can be applied to enhance Reef water
quality.

Study Aims
The project aims were:
1. Develop methodologies for assessing cost-effectiveness and for identifying key drivers
of variation in cost-effectiveness in data-challenging situations.
2. Use developed methods to evaluate the cost-effectiveness of a range of completed
programs for reducing nitrogen runoff from cane production in Reef catchments
3. Within recently completed and current programs, identify key barriers and enablers of:
a. Engagement
b. Lasting practice change
4. Compare and contrast evaluation methods (targeted individual approach compared
and contrasted with a within-project stakeholder approach) to deliver an adaptive
management evaluation tool for measuring engagement whilst programs are on-going.
5. Inform future investment decisions by helping to identify key characteristics of costeffective projects that will successfully engage stakeholders to deliver lasting practice
change.
On project commencement the research project team initiated a meeting to determine
programs that would be invited for assessment. The Project Stakeholder Workshop was held
on May 21st, 2018. This workshop initially identified ten past and current projects for inclusion
in cost effectiveness and practice change assessments for the NESP 4.12 project team. A
short summary of each project is outlined in Table 1 and projects identified for outcome
evaluations and cost-effectiveness assessments are identified in Figure 1.
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Figure 1: Projects and methods selected for evaluation in the project inception meeting
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Table 1: Overview of projects

RP20 and RP161: Complete Nutrient Management Planning for Cane Farming
RP20 determined whether the SIX EASY STEPS method provided
adequate nitrogen application rates following the introduction of
regulations for nitrogen (N) and phosphorous (P) inputs in sugarcane
production. RP20 was conducted in the Burdekin.

Project:

When:
Funding bodies:

RP161 was designed to give growers the confidence to implement the SIX
EASY STEPS program on their farm through delivery of tailored agronomic
services for a number of growers in the Burdekin. The project provided
agronomic support for 45 growers each year for two consecutive years,
2016-2017, and 2017-2018. RP161 provided support aimed at helping
growers to align nitrogen and phosphorous rates to the regulated amounts
based on soil tests and soil types.
Data detailed in this report was collected by Griffith University. Year 1
data was collected while Griffith University was contracted under RP161
by the QGRWQP. Year 2 data was collected by Griffith University in this
NESP TWQ Hub Project 4.12.
2011 - 2022
Queensland Government Reef Water Quality Program Reef Water Quality
Program and the Australian Government’s Reef Trust, in partnership with
Farmacist and Sugar Research Australia (SRA).

Reef Trust Investment Strategy Phase III
To provide funding to improve management practices for sugarcane
Project:
farmers, reduce erosion in grazing lands and improve water quality in
grains, diary and horticulture industries.
When:
2015-2019
Funding bodies:
Australian Government
Project Uplift Farming Systems Initiative
Project Uplift is part of Reef Trust phase V and aims to work with farming
Project:
groups to transition to new and more efficient farming systems leading to
BMP accreditation for 36 farming groups involved.
When:
2016-2022
MSF Sugar, Sugar Research Australia, participating sugarcane farmers
Funding bodies:
and Australian Government
Project Catalyst
Project:
When:
Funding bodies:

Works closely with innovative farmers to trial and validate their farm
management practices to reduce nutrients and improve water quality.
Catalyst is a partnership between innovative farmers, Reef Catchments,
Terrain Natural Resource Management, NQ Dry Tropics, WWF, the Coca
Cola Foundation and the Australian Government.
From 2017
Australian Government

Project 25 (2.1.7): Engaging with farmers and demonstrating water quality outcomes to create
confidence in on-farm decision-making
By engaging farmers, P25 creates confidence in farming decisions by
Project:
demonstrating water quality outcomes. New digital technologies are looked
into to help water quality monitoring. P25 is a NESP TWQ Hub project.
When:
2018-2020
Funding bodies:
Australian Government, JCU, DAF and DES
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CQ 161
Project:
When:
Funding bodies:

CQ161 is an extension of RP161 launched in the Mackay-Whitsunday
region. CQ161 works with farmers to adjust their nitrogen rates in line with
industry standard, SIX EASY STEPS without compromising their
productivity and profitability.
From 2018
Queensland Government Reef Water Quality Program Reef Water Quality
Program and the Australian Government’s Reef Trust, in partnership with
Farmacist

RP 167: Sandy Creek – on-farm change for water quality improvement
Sugar cane farmers in the Sandy Creek Catchment collected water
samples and worked with water quality scientists and local extension
Project:
providers to make informed farming decisions and improve water quality.
RP167 focussed on expanding uptake of improved chemical management
practices across the catchment.
When:
2016-2019
Funding bodies:
Queensland Government Reef Water Quality Program
Repeated Reverse Tenders
The RRT project provides financial incentives (through Reef Trust) to sugar
cane farmers in the Wet Tropics and Burdekin in return for contracted
Project:
reductions in nitrogen applications to improve farm sustainability and
reduce nitrogen discharge.
When:
2015-2019
Funding bodies:
Australian Government
Smartcane BMP: Best Management Practices For The Cane Industry
Smartcane BMP is an accreditation scheme working with cane farmers to
Project:
record and verify their practice improvements.
When:
From 2014
Funding bodies:
Queensland Government Reef Water Quality Program
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To ensure project aims could be met the research team extended research activity to focus on
a grey literature and evidence review. Further, data from NESP TWQ Hub Project 2.1.3 was
provided to the project team permitting additional analysis to be undertaken. Projects offering
primary or secondary data for examination by the project team are denoted with a tick (✓) in
Figure 2. Projects that did not supply data for evaluation or did not provide access to assess
project‘s effectiveness by the project team are represented with a cross ().

✓ Data available
 Data not available to the project team
Figure 2: Projects and assessment methods identified on May 23, 2018 Project Stakeholder Workshop

Over the course of three years, the NESP TWQ Hub Project 4.12 team completed the follow
up for one outcome evaluation that was undertaken over a two year period, one costeffectiveness assessment, a grey literature review and a systematic literature review to
examine barriers and enablers of farming practice change for studies reported since 2000.
One survey was undertaken in October 2020 to examine factors contributing to environmental
stewardship action (reported in Pham, Rundle-Thiele, & Anibaldi, in review). Office for Great
Barrier Reef data drawing on one observational study and one Creating Collective Solutions
process was analysed to identify factors enabling and inhibiting practice change drawing on
one completed Queensland Government Reef Water Quality Program funded project. Finally,
one NESP TWQ Hub Project 2.13 data set identified from a range of projects in the inception
meeting was analysed to identify factors enabling and inhibiting practice change drawing on
existing social dimensions data from past NESP TWQ Hub projects (see Figure 3). NESP TWQ
Hub Project 4.1.2 activities are detailed further in Section 3 Methodology.
A consequence of limited data being available to the project team is that this project could not
meet project objectives relating to the comparative economic analysis of the selected on
ground projects.
7
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2.0 LITERATURE REVIEW
Delivering sustained behavioural change is a challenging and complex task. The surrounding
environment that individuals operate within needs be taken into account to assure delivery of
lasting behavioural outcomes. A systems stance is fundamental when issues are multi-faceted
to understand the root of the problem and to ensure that social influences, the actions and
interactions between stakeholders and other structural issues are taken into account.
Systems thinking is a conceptual and methodological approach that seeks to address complex
problems within the very complexity that produces them. It is argued that by modelling the
many and varying stakeholders, stakeholder interactions, and including the socio-cultural
beliefs and values operating in a system, it is possible to design more effective behaviour
change initiatives given individual and structural social relationships are taken into account
(Brychkov & Domegan, 2017; Domegan et al., 2016). The theoretical foundations of systems
thinking are found in the broad interdisciplinary field of system science and the central concept
of system is described as a set of elements standing in interrelation among themselves and
with environment (Bertalanffy, 1969). Although there is some disciplinary variation in the
conceptual and methodological frameworks, systems generally include the following
characteristics (Abercrombie, Harries, & Wharton, 2015):
•

Systems are composed of multiple components of different types, both tangible and
intangible (e.g., people, resources and services, as well as relationships, values, and
perceptions).

•

Systems exist in an environment, have boundaries, exhibit behaviours, and are made
up of both interdependent and connected parts, causes and effects.

•

Social systems are often complex and involve intractable, or ‘wicked’, problems.

Mistrust in regulators and advice given can hinder practice change leading farmers to disregard
communication and information disseminated to them (Arklay, van Acker, & Hollander, 2018a;
Breetz, Fisher-Vanden, Jacobs, & Schary, 2005). Other barriers preventing practice change
identified previously in the literature include (but are not limited to) communication, no or limited
involvement of the farmers (Breetz et al., 2005), knowledge and information systems to match
productivity and sustainability (Aarts, Humphreys, & Le Gall, 2014), lack of alternative
methods, limited networking and access to educational support (Grover & Gruver, 2017).
Resistance to change by the farmer is a frequently mentioned factor thought to prevent practice
change. Further, farmer non-adoption is often attributed to the farmer by other project
stakeholders (Arklay et al., 2018a; Rodriguez, Molnar, Fazio, Sydnor, & Lowe, 2008; Wandel
& Smithers, 2000), which shifts blame for lack of progress to one stakeholder group, namely
farmers.
Previous literature has identified several factors impacting farming practice change. The social
components are often overlooked in farmer participation and the absence of a nuanced
understanding of farmers’ willingness to engage in programs is clearly evident (Breetz et al.,
2005; Price & Leviston, 2014). Engaging in practice change can be influenced by many
stakeholders, e.g. agronomy services, extension services, commercial industry operators and
other stakeholders (Rodriguez et al., 2008). For example, extension service providers and

8

Key barriers and enablers of lasting behavioural change in the cane industry

agronomists serve as change agents, facilitators and communicators advocating for new
farming methods and techniques (James, Estwick, & Bryant, 2014). Collectively, the review of
the evidence base indicates a dominant farmer focus in research enquiry.
Social systems are described as complex not simply because there may be a number of
components, or because of their intricate structure, but more so because the relationships
between components are dynamic and unpredictable, and not reducible to single or linear
cause and effect pathways (Conroy & Allen, 2011; Miller & Page, 2007). Relatedly, social
systems are not easily bounded, as understanding where one system ends and another starts
is not straightforward, and remains in practice a matter of judgement (Abercrombie et al., 2015;
Layton, 2014).
Working with and engaging diverse stakeholders across the social and material configuration
can improve program effectiveness to achieve behavioural outcomes (Domegan, Collins,
Stead, McHugh, & Hughes, 2013; French & Gordon, 2015). Understanding the environment in
which individuals operate is essential to assure delivery of outcomes over time (McHugh,
Domegan, & Duane, 2018). Moving forward proactive solution focussed stances that
acknowledge the role all actors play within complex systems and the need to move from a
‘prove’ towards an ‘improve’ mindset has been called for to identify what works (and what does
not).
Problems that emerge in complex social systems are ‘wicked’ (Rittel & Webber, 1973) in so
far as they involve multiple stakeholder perspectives; they are not simply or unambiguously
defined, and their definition is contestable; they lack a “stopping rule” as it not always clear
when a problem is solved; finally, wicked problems resist “standard” approaches or solutions
(Checkland, 2010; Rittel & Webber, 1973). The clear parallels between the nature of ‘wicked’
problems and that of complex systems highlight why behaviour and behaviour change require
understanding within the very complexity in which behaviour occurs.

9
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3.0 METHODOLOGY
This mixed method project, conducted over a three-year period, focussed team effort on the
practice change projects identified in the initial stakeholder consultation meetings. Some data
had previously been collected across a range of projects by members of the project team in
work funded by Queensland Government Reef Water Quality Program and by other research
teams in work funded by the NESP TWQ Hub Project 2.13. Primary data was collected by the
project team during NESP TWQ Hub Project 4.12 and reports and journal papers meeting the
study aims were synthesised. This approach delivered both primary and secondary data for 9
of the 10 projects identified on project commencement (see Figure 2). Our research activities
sought to capture in-depth insights through the planned triangulated research approach. The
mixed method approach applied in this project draws on evidence that can be considered as
reliable and valid in response to the stated project aims.
Figure 3 provides a summary overview of the research activities that were completed by the
project team across the three-year project period. NESP TWQ Hub Project 4.12 activities are
detailed in reports or journal papers, some of which are already published (see Table 2). The
majority of journal papers have been double blind peer reviewed by experts in farming practice
change, sugar cane growing practices and or behavioural and systems change at the time of
report finalisation. At the time of final report submission one paper was in second review and
seven papers were submitted to journals for peer review. Detailed summaries of outputs arising
from each research activity are reported in Table 2 along with reviewer details where relevant.
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Figure 3: NESP TWQ Hub Project 4.12 Research Activities

Work completed by the NESP TWQ Hub Project 4.12 team included social assessments
(Creating Collective Solutions, surveys, depth interviews and observations), cost-effectiveness
assessments and evidence reviews. The following section outlines the research outputs arising
during this three-year project. The identities of projects within individual journal manuscripts
are withheld to ensure confidentiality.
Table 2: Research Outputs arising during the NESP TWQ Hub Project 4.12 (2018-2020)

Research Output

Research
Activity

Research
Output
Type

Observations

Journal
paper

Roemer, C., Rundle-Thiele, S.R. and David, P. (2021) “Moving
theory focus beyond individuals targeted for change: observing
project stakeholder interactions Journal of Social Marketing, Vol. 11
No. 2, pp. 148-166. https://doi.org/10.1108/JSOCM-07-2020-0131

Surveys

Journal
paper

Rundle-Thiele, S.R., David, P., Roemer, C. and Anibaldi, R. [revise
and resubmit, submitted 30th October 2020] “Explaining growing
practice to improve water quality: Understanding the role and
influence of psycho-social factors.” Rural Extension and Innovation
Systems Journal
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Research Output

Research
Activity

Research
Output
Type

Interviews

Journal
paper

Roemer, C., Rundle-Thiele, S.R., David, P. and Seewak, A.
[submitted 15th February 2020]. “Disentangling the sugarcane
farming practice change system: Mechanisms, Actions and
Structures.” Journal of Environmental Management.

Evidence
Review:
Systematic
Literature
Review

Journal
paper

David, P. Roemer, C., Anibaldi, R., Rundle-Thiele, S.R. [submitted
23rd March 2020] Factors Enabling and Preventing Farming Practice
Change: An evidence review. Population and Environment

Evidence
Review:
Grey
Literature
Review

Journal
paper

Shawky, S., Rundle-Thiele, S.R., David, P. [submitted 11th November
2020] “Identifying enablers of and barriers to sugar cane growing
practice change: An evidence review.” Australasian Journal of
Environmental Management

Creating
Collective
Solutions

Journal
paper

Roemer; C. Rundle-Thiele; S.R., David; P. Kennedy, A.M, Domegan,
C. and McHugh, P. [submitted 15th February 2020] “Designing
solutions to challenge the status quo – a multi-stakeholder approach"
Australasian Journal of Environmental Management.

Stakeholder
survey

Journal
paper

Pham, C., Rundle-Thiele, S., Anibaldi, R. [submitted 10th December
2020] “Applying a theoretical lens to drive environment change.”
Frontiers in Psychology. Under review. Date submitted: 10
December 2020.

NESP TWQ
Hub project
2.13 data

Journal
paper

Hasan, S.; Smart, J.C.R.; Hay, R.; Rundle-Thiele, S. (2021)
Changing Fertilizer Management Practices in Sugarcane Production:
Cane farmer Survey Insights. Land, 10, 98.
https://www.mdpi.com/2073-445X/10/2/98

Cost effectiveness
assessment

Unpublished
Report

Rundle-Thiele, S.R., Smart, J.C.R., and Hasan, S. (2019) Costeffectiveness analysis of program name withheld to ensure
anonymity

Theoretical
review

Journal
paper

Anibaldi, R., Rundle-Thiele, S.R., David, P. and Roemer, C. (2021)
“Theoretical underpinnings in research investigating barriers for
implementing environmentally sustainable farming practices: Insights
from a systematic literature review. Land, 10, 386.
https://doi.org/10.3390/land10040386

Detailed methodological explanations are available within each reported study and access to
all studies will be available following completion of journal peer review processes through
research repositories or direct journal access.
Links to papers accepted for publication at the time of report finalisation are included within
this final report. Copies of all journal papers can be provided by the research team upon
request for interested readers, with strict conditions applied to work that remains in scientific
peer review.
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4.0 RESULTS
This report synthesises findings reported in project outputs completed by the project team
within the project timeframe. The project aims were:
1. Develop methodologies for assessing cost-effectiveness and for identifying key
drivers of variation in cost-effectiveness in data-challenging situations
2. Use developed methods to evaluate the cost-effectiveness of a range of completed
programs for reducing nitrogen runoff from cane production in Reef catchments
3. Within recently completed and current programs, identify key barriers and enablers
of:
a. Engagement
b. Lasting practice change
4. Compare and contrast evaluation methods (targeted individual approach compared
and contrasted with a within-project stakeholder approach) to deliver an adaptive
management evaluation tool for measuring engagement whilst programs are ongoing.
5. Inform future investment decisions by helping to identify key characteristics of costeffective projects that will successfully engage stakeholders to deliver lasting practice
change.
Summative results are now provided synthesising project outcomes from the research
activities undertaken by the NESP TWQ Hub Project 4.12 team.

4.1 Assessing the cost-effectiveness of investment programs to
improve Reef water quality by reducing nitrogen losses from cane
land
This project obtained data to analyse the cost-effectiveness of the Reef Trust Reverse Tender
programmes. These commercially confidential data are analysed in a separate report (Hasan,
Smart, & Rundle-Thiele, 2019). Hasan et al. (2019) assesses the cost-effectiveness of the pilot
rounds and three main operating rounds of the Reef Trust Reverse Tenders in reducing
nitrogen applications to cane land in the Wet Tropics and Burdekin regions. Cost-effectiveness
of these programmes, covering 106 accepted tenders in total, is assessed in terms of the
payments made to landholders, with and without inclusion of programme-level costs.
Comparison with cost-effectiveness assessments for nitrogen reduction in Great Barrier Reef
(GBR) catchments reported elsewhere in the literature indicates that the Reef Trust Reverse
Tenders are extremely cost-effective, even when programme-level costs are included in the
calculation.
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The Reverse Tenders gave sugarcane farmers the opportunity to obtain funding of up to
$500,000 to reduce fertiliser application rates within limits set to prevent undesirable reductions
in cane yield. Reduced fertiliser application rates were expected to deliver positive outcomes
for GBR water quality by reducing runoff of dissolved inorganic nitrogen (DIN) via surface
waters and reducing DIN leaching via deep drainage (Armour et al., 2009; Thorburn and
Wilkinson, 2013; van Grieken et al., 2014; Webster et al., 2012). Under the Reef Trust Reverse
Tenders applicants submitted the bid or tender price they required in compensation for making
a self-specified reduction in total nitrogen application (kgN) on a nominated area of cane land.
The nitrogen reduction is calculated as the difference between the application proposed in the
tender and a baseline level, calculated from the average of the previous three years’ nitrogen
applications.
From the funder’s perspective the costs incurred in the Reverse Tenders programme include
landholders’ private costs, as reflected in the bid price, together with the additional costs
incurred in providing necessary technical support, scheme administration and
monitoring/enforcement – collectively termed ‘programme-level costs’ (Rolfe & Windle, 2016).
Cost-effectiveness is assessed by a metric (expressed in $/kgN reduction) derived from the
ratio of total cost incurred to total contracted reduction in nitrogen application. When comparing
cost-effectiveness estimates for different programmes it is important to be clear whether
programme-level costs are included. It is also important to be clear whether the ‘nitrogen
reduction’ in the calculation is a reduction in the nitrogen load applied to the cane field, a
reduction in the DIN load to runoff and drainage from the cane field, or the reduction in DIN
load reaching End-of-Catchment (EoC) (i.e. the GBR lagoon).
With regard to reverse auctions specifically, Windle & Rolfe (2011) performed a retrospective
cost-effectiveness evaluation of nitrogen reduction from accepted bids in a 2007/2008
Burdekin water quality reverse tender auction scheme1 and reported that the average costeffectiveness achieved was $6.27/kgDIN at EoC (in 2008 AUD, which is equivalent to
$7.74/kgDIN at EoC in 2018 dollars), with reported values ranging between $0.65/kgDIN at
EoC and $28.83/kgDIN at EoC (in 2008 AUD), or between to $0.80/kgDIN at EoC (2018 AUD)
and $35.60/kgDIN at EoC (in 2018 AUD). The cost-effectiveness estimates for this scheme
only included direct payments to farmers; no data were provided on programme-level costs.
Rolfe and Windle (2016) estimates support our finding that the cost-effectiveness of reverse
auctions is substantially better than that reported for other mechanisms for reducing nitrogen
losses from sugar cane.

The publicly funded 2007/2008 Burdekin water quality tender scheme assessed by Rolfe & Windle (2011) preceded the Reef
Trust Reverse Tenders programme. The Burdekin scheme included three types of projects that reduced DIN emissions at EoC:
recycle pits, water management and nutrient management. The results reported in the body text are for the average costeffectiveness of EoC DIN reduction across all three types of project. When considering EoC DIN reductions from nutrient
management alone, the average cost effectiveness was $8.39/kgDIN at EoC (2008 AUD), equivalent to $10.36/kgDIN at EOC in
2018 AUD (Rolfe & Windle, 2011; Table 2 p.1818).
1
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Turning to other mechanisms, recent reviews of the cost-effectiveness of the Australian
Government’s Reef Rescue Programme outcomes 2008-2013 suggest that the average costs
of nitrogen load reductions at EoC delivered through this Programme are $47/kgDIN for the
Wet Tropics and $62/kgDIN for the Burdekin (cited by Rolfe & Windle, 2016, Table 2 on p.11),
and by (Farr, McCane, Star, Moravek, & Poggio, 2019, Table 10 on p.29-32), accounting for
at least some programme costs in addition to direct payments to farmers. Rolfe and Windle
(2016)express some concerns regarding the reliability of these results, reflecting that “the
modelling is underpinned by a number of assumptions about the extent and duration of practice
change which may be over-optimistic” (Rolfe & Windle, 2016, p.11). In a separate report
reviewing outcomes from Reef Rescue grants in the Wet Tropics for the 2011-2012 period,
Bass, Sing, Harrison, and Blakeney (2013) calculate the average cost of nitrogen reduction at
end-of-field to be $141/kgN (Bass et al., 2013, cited in Rolfe and Windle 2016, Table 3 on
p.13). In the conclusion to their 2016 NESP Tropical Water Quality Hub report on
benchmarking the costs of improving agricultural water management in Reef catchments,
Rolfe and Windle (2016Table 8, p.27) provide a recommended benchmark of $150/kgDIN
reduction at EoC, viewed in terms of public costs (i.e. including direct payments to farmers and
programme-level costs).
The ratio between reduced nitrogen applications to cane fields and DIN reduction at EoC varies
with factors such as fertiliser application rate, soil type, soil permeability, rainfall timing and
intensity, and DIN transport pathways from the field to EoC. It is therefore very difficult to
compare cost-effectiveness results quoted in terms of reductions in nitrogen applications with
those quoted in terms of DIN reductions at EoC. The impacts of these types of farm-specific
characteristics on cost-effectiveness are discussed in the next section.

4.2 Impacts of site-specific and mechanism-related factors on costeffectiveness
Characteristics of the implementation site, agri-business, and participating landholders will
affect the cost and/or effectiveness of site-specific implementations under any given nitrogen
reduction programme. Characteristics of the programme itself may also influence the costeffectiveness with which a particular type of programme can deliver nitrogen reductions. The
following summary of these influences on the cost-effectiveness of different forms of nitrogen
reduction programme draws on analyses from this project, Paddock to Reef modelling of
dissolved inorganic nitrogen (DIN) losses from cane land in the Wet Tropics (synthesised from
NESP Tropical Water Quality Hub Project 3.1.6), and findings from the literature.

4.2.1 Site-specific influences
Paddock to Reef (P2R) modelling across 563 separate management units2 in Wet Tropics
catchments illustrates that DIN losses from cane land vary considerably by catchment, soil
type and the level of fertiliser management practice (Figure 4 and Figure 5). As a result, the
reduction in DIN loss that follows from a given change in fertiliser practice may differ
considerably between management units. For example, the median predicted change in 26-

Individual management units in P2R modelling comprise a unique combination of soil type, soil permeability, climate zone and
subcatchment.
2
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year average DIN loss for switching from Superseded Practice to Minimum Standard Practice3
is 18.5 kgDIN/ha for thor soil, but only 2.5 kgDIN/ha for mari soil (Figure 5). In contrast, the
median predicted change in 26-year average DIN loss for switching from Minimum Standard
Practice to Best Practice is 14.5 kgDIN/ha for thor soil, but 16.5 kgDIN/ha for mari soil. This
suggests that spatial targeting (particularly by soil type) has the potential to considerably
increase the level of DIN reduction delivered at the cane field. The DIN reduction that changes
in fertiliser practice deliver to End-of-Catchment (EoC) (i.e. to the GBR lagoon) depends on
the proportions of DIN loss transported via surface water and deep drainage pathways and
location-specific transport coefficients for those pathways (Armour, Hateley, & Pitt, 2009;
Waters et al., 2014). P2R modelling estimates sub catchment-specific transport coefficients for
the surface water pathway (Waters et al., 2014), but connection via the drainage pathway is
less well understood (Rasiah, Armour, & Cogle, 2005; Rasiah, Armour, Menzies, et al., 2003;
Rasiah, Armour, Yamamoto, Mahendrarajah, & Heiner, 2003) making spatial targeting to
identify sites with high transport from field to EoC less feasible.
Cane farm sizes vary within and between catchments and regions (Sing & Barron, 2014). Two
important components of the per-hectare costs that farmers incur in changing fertiliser
management practice vary with farm size: transition costs (the one-off costs incurred in
purchasing the machinery and equipment required to implement a change in practice (Van
Grieken et al., 2019) and transaction costs (the costs of resources, including time, that a
landholder has to commit to learn about and engage with a practice improvement programme
(Coggan, Whitten, & Bennett, 2010). These components of practice change cost can be
regarded as farm-level fixed costs; consequently, the associated costs per hectare reduce with
farm size and differ between practice change steps. For example, in the Wet Tropics, for a
given practice change, per-hectare transition and transaction costs will scale inversely with the
ratio of average farm sizes reported for small, medium and large farms: i.e. with the ratios 10.7
: 3.7 : 1 for small, medium and large farms, respectively (Sing & Barron, 2014, Table 14 on
p.42). Higher per-hectare costs would be expected to deter farmers with smaller landholdings
from voluntarily engaging with practice change.

Practice levels used here are those specified in the Sugarcane Water Quality Risk Framework 2017-2022 (The Australian and
Queensland Government Reef Water Quality Programs n.d.).
3
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Figure 4: Average annual DIN losses (1987-2013) predicted by Paddock to Reef APSIM modelling for 563
cane land management units in the Wet Tropics, for Superseded, Minimum Standard and Best Practice
fertiliser management, grouped by catchment
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Figure 5: Average annual DIN losses (1987-2013) predicted by Paddock to Reef APSIM modelling for 563
cane land management units in the Wet Tropics, for Superseded, Minimum Standard and Best Practice
fertiliser management, grouped by soil type.

4.2.2 Mechanism-related issues
Grant and extension-based programs to facilitate and support practice change have a different
mode of operation to incentive mechanisms which contract delivery of specified changes in
practice (e.g., the Reef Trust Reverse Tenders (Commonwealth of Australia, 2020) or provide
direct payment in return for delivery of quantifiable reductions in pollutant loads (e.g.,
GreenCollar’s Reef Credits https://greencollar.com.au/reef-credits/). To some extent this
stems from the different paradigms of change that underlie the two types of mechanism. Grantand extension-based programs generally work with a subset of willing farmers to (hopefully)

18

Key barriers and enablers of lasting behavioural change in the cane industry

establish the effectiveness and farm-scale viability of some aspect of practice improvement
e.g., fertiliser rate applications based on Six Easy Steps. The intention is that successful
demonstration of improved practice with this initial subset of farmers will lead to subsequent
diffusion of the practice improvement across the industry. The approach recognises that
parallel implementation may be required in other geographic locations, and that active
promotion of the success of the grant- and extension-facilitated trials will be necessary.
In contrast, mechanisms that contract delivery of specified changes in practice for defined
periods of time, in return for payment of specified incentives operate very differently. These
mechanisms draw up a contract to deliver a clearly specified outcome for a fixed period of time
at a defined cost (e.g. a 40kgN/ha reduction in fertiliser application rate over a cane growing
area of 70ha for a period of 5 years, in return for a payment of $110,000). The parties are
bound to comply with the contract terms, but only for the contract duration. These types of
mechanisms can be used to implement specific aspects of practice improvement e.g.,
reduction in fertiliser application rate leading to a consequent reduction in DIN loss. Further
testing is needed to determine if lasting effects are observed and whether effects observed are
a flow-on (e.g. affecting other farmers) or a spill-over (the same person changing multiple
things). The following paragraphs reflect further.
We first consider mechanisms that provide direct payment in return for delivery of quantifiable
reductions in pollutant loads. Under Reef Trust’s Reverse Tender schemes, cane farmers
submitted tenders ($ payment required) to reduce nitrogen applications by specified amounts
(reduction in kgN/ha applied) on specified areas of cane land (ha) for a fixed duration (3, 4 or
5 years depending on the Tender Round). Under GreenCollar’s Reef Credits scheme, cane
farmers are contracted to reduce nitrogen applications by a specified amount below the
application rate required to meet current regulations (i.e. currently, nitrogen application rates
below those corresponding to Minimum Standard practice (State of Queensland 2019, The
Australian and Queensland Government Reef Water Quality Programs n.d.)). In return they
receive an agreed share in proceeds from the sale of ‘Reef Credits’, where the quantity of Reef
Credits generated equates to the End-of-Catchment DIN reductions that result from the
reduced fertiliser applications on-farm.
Under Reverse Tenders and Reef Credits, the scheme operator will purposely select the most
cost-effective proposals at the tendering stage, knowing, for each proposal, the level of
nitrogen and DIN reductions that will be produced and the cost to the scheme operator of
engaging a particular proponent to deliver those outcomes. Under Reverse Tenders the cost
is stated explicitly via the submitted tender price; under Reef Credits the cost is implicit in the
proportion of proceeds that the landholder retains from the sale of the resulting Reef Credits.
These types of scheme are thus specifically designed to deliver DIN reductions as costeffectively as possible4 for the contracted duration. The highly cost-effective performance
reported for these types of scheme (for example, Rolfe, Whitten, & Windle, 2017; Rolfe &
Windle, 2016; Windle & Rolfe, 2011) is thus entirely to be expected. It is also entirely
appropriate to evaluate the cost-effectiveness of these types of scheme solely within scheme’s
duration, in terms of the costs incurred relative to the End-of-Catchment DIN reductions

GreenCollar’s Reef Credits scheme is a commercial operation that will aim to maximise return on investment to its financial
backers and maximise the scheme operator’s profits. These objectives will, however, be consistent with maximising the costeffectiveness of DIN reductions delivered by the scheme.
4
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delivered. Incurred costs should, ideally, include the costs of scheme administration as well as
direct payments made to farmers. For a commercial scheme like Reef Credits costs will include
the returns provided to capital and entrepreneurship.
In contrast, grant- and extension-based programs offer financial support and/or extension
assistance to help farmers improve fertiliser management practice on their farm, typically
without any prior evaluation of the cost-effectiveness of the direct outcomes that will result.
These types of scheme may be limited in geographic extent (e.g., targeting regions where a
particular type of practice change is deemed to be particularly necessary), but there are
typically few pre-conditions for entry beyond active engagement in cane production.
If relevant data can be accessed, grant- and extension-based investments can potentially be
evaluated in terms of the cost-effectiveness of each program overall ($ spent per total DIN
reduction delivered), or (with more demanding data requirements) the cost-effectiveness of
individual interventions within programs ($ spent per farm per DIN reduction delivered from
that farm). These types of cost-effectiveness assessment are not, however, very
representative of the intention or outcome of these programs. Grant- and extension-based
programs seek to encourage practice change through diffusion. Consequently, prior to the
2019 Revisions to the Reef Regulations, the nitrogen reduction benefits of these types of
investment could have been evaluated as ($ spent on the program per DIN reductions
achieved by the program itself + DIN reductions from practice change inspired by the program
through diffusion). However, DIN reductions that result from diffusion of scheme-inspired
practice change are notoriously difficult to quantify. Thus, when the cost-effectiveness of these
types of scheme is evaluated solely in terms of outcomes delivered by scheme participants
within the duration of the scheme, it is very likely that the cost-effectiveness achieved by these
types of scheme will be lower than that of contracted ‘payment for delivery’ schemes like the
Reverse Tenders – as evidenced by findings from recent cost-effectiveness reviews (Farr et
al., 2019; Rolfe & Windle, 2016).
In the Minimum Standard (‘moderate risk’) fertiliser management that is required under the
2019 Revisions to the Reef Regulations (Queensland Governmemt, 2019), fertiliser application
rates are derived from a region-wide District Yield Potential (DYP) for sugarcane, adjusted for
nitrogen mineralisation in the soil (determined via block-specific soil testing on the farm) and
other nitrogen inputs such as a legume fallow crop, incoming irrigation water or applications of
sugar mill by-products. This is consistent with the Six Easy Steps Methodology developed by
Sugar Research Australia and promoted by Canegrowers (Sugar Research Australia, 2013).
Minimum Standard fertiliser management practice under the 2019 Revisions to the Agricultural
ERA for sugarcane is consistent with elements of fertiliser management practice that several
previous Queensland and Australian government funding schemes have sought to encourage.
For example, the Reef Trust (Australian government) Phase III grant-based investment
program subsidised purchase of variable rate fertiliser spreading equipment to enable farmers
to vary fertiliser application rate between cane blocks promoting above industry standard
requirements. For example, RP161 (jointly funded by Queensland’s Reef Water Quality
Program and the Reef Trust), provides farmers with access to extension and agronomy
services (e.g., assistance in calibrating variable rate fertiliser application equipment, compiling
a whole-of-farm nutrient plan, record keeping http://www.farmacist.com.au/rp-161-burdekin )
to support on-farm implementation of Minimum Standard fertiliser management.
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These (and other) grant- and extension-based investments by the Australian and Queensland
Government Reef Water Quality Programs initiated a conversation with the industry regarding
a standardised methodology for calculating fertiliser application rates, offered financial
assistance for farmers to purchase equipment to implement that methodology, assisted with
development of the skills required to implement the necessary fertiliser application calculations
and associated record keeping, and established the economic viability of the DYP-based Six
Easy Steps method at a farm scale.

4.3 Within recently completed and current programs identify key
barriers and enablers of engagement in programs promoting
practice change
Barriers and enablers to engagement in programs promoting practice change were identified
as part of the activities undertaken for this NESP 4.12 project. Primary and secondary data
sources from across nine current and completed programs aiming to change farming practices
or land use, as well as reviews of the literature on adoption of farming practices, were used to
identify barriers and enablers of engagement in programs promoting practice change. Seven
themes emerged summarising more than 30 categories of barriers and enablers (see Figure
6).

Figure 6: Barriers and enablers of practice change
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A wide range of demographic, psychographic, financial, information and communication,
extension support, training, and farm management factors were identified as contributing to
the adoption and sustained use of new or alternative farming practices and technologies.
Analysis indicated that barriers and enablers can be organised in seven distinct themes.
A clear finding across project activities was that barriers and enablers often had the same
origin. For example, cost of investment could be a barrier to practice change when perceived
to be high; and an enabler when it was perceived to be low. This pattern was observed for
many factors across themes and categories identified. This suggested that for long-term and
enduring practice change, farmer engagement in sustainable practices requires the removal
of barriers as well as the provision of access to enabling factors. The themes for the seven
categories and their definitions are outlined in Table 3 and detailed categories identified in the
NESP TWQ Hub Project 4.12 are reported in Appendix A. Factors appearing across multiple
sources of evidence are highlighted in grey demonstrating the importance of ensuring these
factors are accounted for in project planning, implementation, monitoring and evaluation.
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Table 3: Summary table of the dimensions of practice change

Theme

Financial support & Market
forces

Information dissemination

Farmer & Farm
characteristics

Institutional setting &
Regulations
Stakeholder interactions

High up-front costs

Proportion of
project outputs
indicating the
factor
%
20%

Lack of money

60%

Access to cash

20%

Lack of government funding

40%

Misplaced resources

40%

Failure to deliver
communication that farmers
need and value
Low/no communication
between stakeholders

60%

-

-

Lack of resources

40%

-

-

-

Definition

Financial outputs
and inputs

How the information
is communicated

Farmer’s
demographic and
farmland’s
geographic
characteristics
Government
regulations and
institutions
interests/ agenda
Interactions and
relationships

Barriers

Enablers
Household income

Proportion of
project outputs
indicating the
factor
%
20%

Diversified income
Improved financial
returns
Financial support
Market forces: Commodity
pricing
Branding and image
Clear communication

40%

Bridging science and
practice delivering
access to scientists
Significant amount of data
and knowledge on the
GBR
Farmland characteristics

100%

20%

-

Farmer demographic
characteristics
Land/stock ownership

-

-

Natural resources

40%

Lack of repercussion

20%

Regulation and policy

60%

-

-

Institutional structure

60%

Industry influence

40%

Extension service
provision

40%

80%

60%
60%
40%
40%
80%

40%
20%

20%
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Theme

Proportion of
project outputs
indicating the
factor
%
40%

Training and education

Proportion of
project outputs
indicating the
factor
%
40%

Stakeholders' competing
interest
Lack of leadership

40%

Peers

60%

20%

Collaboration

80%

-

-

Community led

40%

-

-

Social norms

40%

Factors related to
the farming
operation and
management.

Time

40%

Business management

40%

Lack of innovation

40%

Technical aspects

40%

Lack of alternatives

40%

Labour availability

40%

Preference

20%

People’s
awareness,
knowledge,
capabilities, what
people think, feel,
believe and can
already confidently
do

Knowledge

80%

Resistance

20%

Perceptions

60%

-

-

Motivation and interest

60%

-

-

Skillset

80%

-

-

40%

-

-

Experience with the
promoted practice
Trust

-

-

Outcome expectations

60%

Definition
between two or
more stakeholders

Farming practice

Beliefs Attitudes and
Individual Capabilities

Barriers
Lack of holistic approach

Enablers

100%

The overarching themes and identified categories of barriers and enablers of engagement in programs promoting practice change are discussed
in turn next.
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4.4 Financial support & Market forces
Financial support refers to all input and output of financial means as well as availability and
access to financial support. Market forces refers to factors that are associated with the
economy and/or market conditions, including consumer demand and supply factors. Findings
from the analyses suggest that financial support and market integration was an important
theme underlying barriers and enablers for farming practice change. The barriers and enablers
grouped within this overarching theme consisted of three distinct sub-themes: financial
constraints, lack of financial support, and market forces.

4.4.1 Financial constraints / opportunities
The adoption of technologies or farming practices is influenced by the level of initial financial
resources required. The perception of high financial costs may deter adoption in the short-term
and it may delay long term investment decisions (Latawiec, Strassburg, et al., 2017). Evidence
indicates that up-front costs, associated with the purchase of new equipment, limit adoption
rates, particularly when they impact cash flow within a crop cycle (Latawiec, Krolczyk, et al.,
2017; Latawiec, Strassburg, et al., 2017; Márquez-Garciá, Jacobson, & Barbosa, 2018; P. T.
Owombo & F. O. Idumah, 2017). On the other hand, when practice change is assessed for its
contribution to productivity, up-front costs may be justified as constituting an investment to
secure increased returns over time (for example, P. T. Owombo & F. O. Idumah, 2017).

4.4.2 (Lack of) Financial support
Higher household income is positively associated with the adoption of new practices. However,
the source and composition of household income may influence this generally positive
association, specifically when there is a high perceived risk to household income from practice
change (Deng et al., 2018; Kurgat et al., 2018; Pandey & Diwan, 2018). For example, having
an off-farm job may be associated with farm income insecurity, while farm-dependent
household income may hinder adoption in small farm holders or niche farmers (McCarthy &
Schurmann, 2015b; P. Owombo & F. Idumah, 2017; Wigboldus et al., 2017). The absence of
financial assistance, including limited or no access to credit from banks and other sources; the
lack of government funding to incentivise, sponsor, or support investment for targeted farming
practices negatively influenced farming practice change (Latawiec, Strassburg, et al., 2017;
Levain et al., 2015; Long, Blok, & Poldner, 2017; Nyanga, Kessler, & Tenge, 2016). A lack of
government funding into agricultural research was also identified as a barrier (McCarthy &
Schurmann, 2015a).

4.5 Market forces
Market forces influence practice change adoption in several ways. Commodity prices are
important economic considerations for farmers, independently of size and location. Price
influences adoption depending on the purpose of farming practice change. When practice
change involves land use change, to substitute or reduce reliance on current production (e.g.
mixed cropping), commodity prices for old and new products might be compared (Grover &
Gruver, 2017; McCarthy & Schurmann, 2015b). When the practice change is more about
farming methods, production benefits such as increased yields may be considered along with
current and projected market prices. For example, Wartenberg et al. (2018) found that the
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current and projected low market price of cocoa acted as a barrier to the adoption of more
environmentally sustainable farming practices.
On the other hand, high market prices are likely to represent an enabler for practice change
when there is unmet demand and willingness to pay for products that are sustainably farmed
and/or of improved quality (Grover & Gruver, 2017). Related to the enabling property of higher
market prices and consumer demand is the issue of marketing. Branding and associated
market images of production processes can act as barriers and enablers for farming practice
change. If the new practice provides an opportunity to improve consumer product perceptions,
farmers are more likely to change practices. Rose et al. (2018) found that farmers considered
customers’ perception of the end product in their decision to adopt. Therefore, marketing
activities that promoted sustainable farming practices and their products positively influenced
farmer uptake. On the other hand, market concerns about output quality associated with a new
practice constrained practice change.

4.5.1 Misplaced resources
Misplaced resources were identified as a barrier hindering uptake of farming practice change.
Resources were considered to be misplaced by farmers when they were directed elsewhere
in the farming system rather than on-ground. This theme was evident across two studies
(see Table 3 and Appendix A for detail). Allocating resources more wisely to directly support
practice change through knowledge advancement gained in on-farm trials and solutions, e.g.
installation of sediment traps, riparian planting or the purchase of new equipment, was
viewed an important issue for farmers.

4.6 Information dissemination
The information dissemination theme refers to how information is communicated.

4.6.1 Communication
Consistent and timely delivery of information through appropriate channels enables adoption
of sustainable farming practices and supports the maintenance of practice change (Latawiec,
Krolczyk, et al., 2017; Latawiec, Strassburg, et al., 2017). A failure to deliver communications
that meet target audiences’ needs has also been identified as a barrier to farming practice
change. Findings across research activities showed that delivery of information in complex
language or through inappropriate channels hinders adoption of new practices. For example,
M. J. Marques et al. (2015) found that scientific results are not communicated effectively.
Accessibility and optimisation of the communication flow can serve as an enabler of practice
change, increasing the knowledge base and ensuring there are opportunities for the provision
of tailored communications using localised evidence.

4.6.2 Science-practice disconnect
A disconnect between the science and the practice of farming was a clearly identified barrier
in data sources. Farmers may perceive no or insufficient research on specific farming practices
(Pilarova, Bavorova, & Kandakov, 2018). Even when research is available, farmers often
believe research results are not sufficiently localised and/or that they are lacking in
demonstrated evidence (McCarthy & Schurmann, 2015a). On the other hand, ready access to
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expert knowledge, including localised research and evidence, is associated with a greater
likelihood to adopt new practices. Furthermore, Goldberger and Lehrer (2016) found that
farmers are sensitive to the source and perceived quality of information, which further
influences adoption . For example, a reliance on information from universities was an enabler,
with superior confidence gained when replicated results emerge in contrast to one off study
findings. Hence, the failure to clearly communicate scientific results and any emerging
scientific consensus clearly and in simple language limits farming practice change. The same
was evident when research funding opportunities were not communicated.

4.6.3 Significant amount of data and knowledge on the GBR
The environmental and iconic significance of the GBR as a World Heritage listed site, and the
continued focus on improving its ecological health and sustainability acted as an enabling
factor. Investment in research and delivery of knowledge to direct decision making for the
protection of the Reef supported positive attitudes to farming practice change.

4.7 Farmer & Farm characteristics
Characteristics of the farmer and the farmland were found to have a role in the adoption of
practice change.

4.7.1 Farmer demographic characteristics
Farmer demographic characteristics were identified as factors influencing farming practice
change (Kurgat et al., 2018; Manda, Alene, Gardebroek, Kassie, & Tembo, 2016; Ndah et al.,
2018; Ngoc et al., 2016; O'Connell et al., 2015). Older farmers were reported to be less likely
to change to sustainable agricultural practices, while young farmers were more open to adopt
new practices (Deng et al., 2018). In addition, household size and structure were found to
impact the likelihood of a new practice adoption. For example, a larger number of people living
in the same household was found to be a barrier for change, while smaller households were
more likely to change, and the head of the household was a further influencing factor (whether
it was male or female, younger or older) (Kpadonou et al., 2017 for example). Lower education
levels were found to be barriers to practice change, while higher levels of education increased
the likelihood to adopt new technologies and/or farming practices (Vidogbéna et al., 2016;
Wigboldus et al., 2017; W. Yang & Sharp, 2017). Farming experience, in terms of number of
years, influenced farmers’ likelihood of changing their practices to be more sustainable. For
example, a study on adoption of eco-friendly nets for vegetable production found that farmers
with more experience in vegetable production felt they needed less external support than less
experienced farmers and consequently farmers with more experience were less likely to
change (Vidogbéna et al., 2016).

4.7.2 Land/stock ownership
Issues related to ownership of the farmland (or livestock) constituted barriers for farmers who
had no ownership. The perceived security of owning the land increased the likelihood of
adoption of new practices, while land-use arrangements such as leases was considered to be
a barrier. For some contexts, livestock ownership negatively influenced adoption due to
impacting issues with the practice (Kurgat et al., 2018). For some specific contexts in
developing countries food security or human health was also a concern when it came to the
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adoption of new farming practices (see example in Ngigi, Muller, & Birner, 2018). If the new
farming practice was perceived to improve food security or human health, farmers were more
likely to implement the new practice.

4.7.3 Farmland characteristics
Characteristics of the land were found to be important factors influencing change in practice
(Moges & Taye, 2017; Nyanga et al., 2016; P. T. Owombo & F. O. Idumah, 2017). Farmland
size was a factor found to have an important influence on whether farmers would adopt or not
the new practice (Moges & Taye, 2017; Nyanga et al., 2016; Sakayarote & Shrestha, 2017),
with larger farmland sizes most likely to adopt new practices. The farm location was also a key
factor. Distance to a market/town, geographic distribution, access to water through a creek or
river nearby were found to have an impact on the adoption of sustainable framing practices
(Kurgat et al., 2018; Ngoc et al., 2016). Other aspects which had an influence in program
adoption were the physical characteristics of the land, such as slopes, soil quality, and fertility
(Manda et al., 2016). Incompatibility of the land or current practices with other crops/land uses
was a specific barrier in the decision to adopt a new practice.

4.7.4 Natural resources
Natural resources, including local climate conditions, weather events, and access to water,
were also found to constitute barriers and enablers, for practice changes. In particular,
research by Manda et al. (2016) found that the occurrence of droughts and good soil fertility
were important factors in the adoption of maize-legume rotations.

4.8 Institutional setting & Regulations
In the context of this research, institutional settings are defined as consisting of
interests/agendas of institutions, while regulations include governmental policies.

4.8.1 Regulation and policy
Characteristics of policy and regulatory frameworks within which farmers operate were found
to represent barriers and enablers of sustainable practice change. Country specific agricultural
policies and regulations influenced farming practices through the content of policy and the
operation of relevant regulatory institutions. The absence of environmental sustainability as a
policy goal represents a systemic barrier to change. However, where environmental
sustainability is a specific goal of policy, the degree of bureaucracy in institutional structures
and complexity in regulations can enhance or impede rates of practice change. Further barriers
or enablers to practice change include the transparency of policy and capacity to legally
enforce policies set. Approaches that bring diverse stakeholders together offer potential to
challenge assumptions, improve transparency, build support across diverse stakeholders and
arrive at consensus for new paths forward. Active collaboration between a broad cross section
of stakeholders can facilitate change (see Arklay et al., 2018).

4.8.2 Institutional structures
Agricultural policy and institutional structures enabled practice change when they were
perceived as being transparent. Non-transparent, often centralised, governance structures
with little or no industry representation were ineffective in enabling practice change. Similarly,
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structures that are driven top-down were identified as a barrier, given they create environments
that divide creating adverse reactions from some stakeholders.

4.8.3 Lack of repercussions
Lack of repercussions was identified as a systemic issue hindering farming practice change.
Limited or no accountability when farming practices did not align with best management
practices negatively influenced the perception that sustainable farming practice is an important
and necessary aspect of environmental sustainability.

4.9 Stakeholder interactions
This theme consists of multiple types of stakeholder interactions that occur in farming contexts,
including formal and informal associations, relationships, collaborations, and arrangements
that occur for a specific purpose.

4.9.1 Extension service provision
Interactions with extension service providers were found to be a very important sub-theme
influencing the adoption of farming practices. A common barrier was no or limited access to
extension support. In addition, perceived ease of access and the quality of extension service
support was found to be an important determinant of practice change. High perceived
competence and/or experience of extension service officers supported the adoption of new
practices. Equally, perceived lack of knowledge and/or experience of extension service officers
acted as barriers. For example, in the context of vegetable farming practices in New Zealand
L. Yang et al. (2016) found that farmers’ dissatisfaction with extension services provided,
together with poor professional backgrounds of some extension staff, were key barriers to the
adoption of sustainable farming practices (L. Yang et al., 2016).

4.9.2 Training and education
Access to training was a frequently mentioned factor that could either enable or hinder practice
change. Capacity building efforts could take place in different formats, such as formal training,
on-farm training, participation in meetings and workshops. For example, in their study on the
adoption of BMP in the New Zealand dairy industry, W. Yang and Sharp (2017) found that staff
training and participation in social activities related to dairy farming, such as discussion groups
and workshops, were positive influences on farmers’ decision-making (W. Yang & Sharp,
2017). Other studies (Greiner, 2015; Hay & Eagle, 2018) found that farmers emphasised the
role of education in achieving intrinsically motivated behavioural change, considering
education approaches as more effective than regulatory ones (Greiner, 2015) in raising
awareness, providing accreditation and networking opportunities and targeting skill
deficiencies (Hay & Eagle, 2018). Evidence for the role of workshop participation as a
mechanism to drive farming practice change was identified in Hasan et al. (2019)

4.9.3 Peers
Peer interactions were consistently found to play an important role in the adoption of new
farming practices (Kurgat et al., 2018; Leite, De Castro, Jabbour, Batalha, & Govindan, 2014;
McCarthy & Schurmann, 2015a; Nyanga et al., 2016). Peer interactions offered informal and
less-threatening settings for sharing and learning from positive and negative experiences of
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new practices. A lack of peer to peer relationships as a source of support was considered to
be a barrier. Peer support is especially important when negative socio-cultural attitudes
towards agricultural practice change hinder adoption by farmers who fear being seen to be
different in their farming practices. When farmers participated in farmer to farmer groups or
reported having some or many relationships with other farmers or representative farmer
organisations, they were more likely to adopt the new practice.

4.9.4 (Lack of) Collaboration
Involvement of stakeholders and collaboration across stakeholder types was found to influence
farming practice change. Lack of farmer involvement and lack of multi-stakeholder
collaboration in the design of initiatives and solutions for practice change, represents a barrier
to adoption. Across research activities, the greater the involvement of farmers and multi-party
collaborations in the introduction and maintenance of new practices, the more likely was the
adoption of new practices (Long et al., 2017). Similarly, community participation fosters new
partnerships and positively influence diffusion of new practices (Kiełbasa, Pietrzak, Ulén,
Drangert, & Tonderski, 2018). Blesh and Wolf (2014) highlighted the importance of peer to
peer collaboration as a source of support when transitioning to new practices. To the extent
that limited involvement and poor collaboration reduces knowledge in the public sphere,
suspicion and distrust among farmers and other stakeholders in the farming system acts as a
barrier to participation in programs aiming to deliver lasting practice change.

4.9.5 Community led
More grass-roots engagement in the development of policies and programs, and an
appreciation of the realities of ‘making a living’ from farming is needed to understand the
perspectives of farmers (Greiner, 2015). Acknowledging the initiatives that some farmers take
to finance the purchase of technology and communicating industry’s environmental
achievements is a key facilitating factor (Greiner, 2015). Farmer-led initiatives to encourage
discussions within their own communities is also an enabler for change (Hay & Eagle, 2019),
and these initiatives are effective in engaging wider farmer support (Arklay, van Acker, &
Hollander, 2018b).

4.9.6 Industry influence
The perception of vested interests underlying stakeholder involvement in farming technology
and practice was frequently identified in the literature as a barrier to adoption. The perception
of vested interests led to scepticism about the support offered/received from stakeholders with
direct or indirect commercial interest. For example, Latawiec, Strassburg, et al. (2017) found
that a significant proportion of support/advice provided to farmers was delivered by vendors of
fertilizers and other agrochemicals. This raised questions about possible conflicts of interest in
technical advice provided to farmers. Similarly, the perception that activities of farm industry
lobbies were motivated by vested interests eroded trust in this source of advice, and thus
represented a barrier to change.

4.9.7 Stakeholders' competing interests
A fundamental role is that of a large and diverse stakeholder group that contributes to and
supports farming practice change for the benefit of water quality and ecological health of the
Great Barrier Reef. Stakeholders include (and are not limited to) government, Traditional
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Owners, community, industry and scientists. Successful partnerships last over time and trust
plays a central role in maintaining voluntary partnerships in the absence of government
funding. NESP TWQ Hub research identified competing and conflicting program activities and
communications by stakeholders in the Wet Tropics and Burdekin regions. Confusion was
reported around the specific roles of Cane Changer, Landscape Resilience, Project Catalyst;
announcements regarding additional funding via Reef Trust Phase IV Repeated Tenders,
Grazing Best Management Extension Support, Smartcane BMP, Project NEMO, Sandy Creek,
and other projects promoting practice change (Hay & Eagle, 2019). Perceptions of conflicting
agendas and suspected vested interests of different stakeholders were a source of confusion
that acted as a significant impediment to effective knowledge sharing and collaboration
(Paschen et al., 2018). Coordination across different on-ground projects and consistent
messaging are required to address challenges in the current regional management (NRM)
approach.

4.9.8 Social norms
Social norms were an enabler for practice change. For example, when a specific behaviour
was directly observed by farmers, change was more likely to occur. Findings from a study
showed that when yield increases were observed in neighbouring farms that had adopted
conservation agriculture practices, farmers were more likely to adopt the farming practice
(Ndah et al., 2018). Similarly, when farmers thought that other farmers felt they should adopt
a practice behaviour change was more likely. Another important enabler was the association
of a farming practice with social recognition in a farmer’s social group. In contrast, social
pressure was also mentioned as a factor that could hinder the implementation of a new practice
(Vidogbéna et al., 2016).

4.9.9 Lack of leadership
Perceived lack of leadership negatively impacts the uptake and maintenance of new and
sustainable farming practices. Lack of leadership and ineffective management limit the
development of shared understandings of project aims and processes. Similarly, poor
leadership and ineffective management can prevent or slow progress towards project goals,
thus negatively impacting sustainability outcomes.

4.10 Farming practice
The farming practice theme refers to factors related to the management of farm business
operations and factors specific to farming practice.

4.10.1 Business management
The operations and management of the farm as a business are an important factor that can
influence adoption. Characteristics of management and operational styles such as their
longevity, investment, and complexity (M. J. Marques et al., 2015; Márquez-Garciá et al., 2018)
were associated with greater financial and logistical risks for practice change. The operation
of the farm in terms of logistics can be a barrier when less than optimal. Complex management
processes are also considered to be a factor that hinders change. Coordination of all aspects
of a new practice is key, and when the farm lacks in this aspect, it can become a barrier. On
the other hand, smooth integration with existing practices and processes is a factor that
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positively influences the adoption of the new practice. Optimal farming operation has also been
found to be an enabler of the adoption of sustainable farming practices.

4.10.2 Technical aspects
Aspects of sustainable farming techniques were also found to be important in decisions to
adopt. For example, technical infrastructure issues and logistics related to new practices can
present challenges for farmers and, therefore, are perceived barriers. Availability and access
to equipment or inputs are both a barrier if the access is difficult, and an enabler if access is
easy and simple. In one study about the adoption of cover crops, there were technical
difficulties related to timing, as it was a challenge to establish a crop by fall and terminate by
spring, and this was driven by structural forces of the production system (Roesch-McNally et
al., 2018).

4.10.3 Labour availability
Availability of labour influenced practice change. Labour scarcity or lack of qualified labour
inhibited adoption of new practices, while availability of labour meant practice change was
more likely to occur. When sustainable farming practices are seen to be labour intensive or to
require skilled labour, adoption was less likely to happen (M. J. Marques et al., 2015; McCarthy
& Schurmann, 2015a; Ndah et al., 2018).

4.10.4 Time
Time-related barriers were also found to be a factor preventing practice change (M. J. Marques
et al., 2015; Martin et al., 2015). For example, adoption was less likely to occur when the
practice was considered to be time-intensive, or when the realisation of benefits associated
with practice change relied on specific timings.

4.10.5 Alternatives
Limited availability of products considered to equal the efficiency and effectiveness of
toxic/polluting compounds in accomplishing farmers’ goals is a hindering factor in the transition
to more sustainable farming practices. For example, farmers resist reduction of nitrogen
applications that negatively impact productivity, and yields (Arklay et al., 2018b; Billing, 2019).
Greater availability of natural alternatives that are equally efficient would highly encourage
farmers to engage. Furthermore, the lack of alternatives makes it challenging to bring about
more strategic use of toxic products and prevent continued exceedances in usage patterns
(Billing, 2019).

4.10.6 Innovation
Some farmers are highly resistant to innovation and are unlikely to change, (Kulak, Nemecek,
Frossard, & Gaillard, 2016). Resistance to change was found to be a very important barrier
preventing change from occurring (Rose et al., 2018). Often a clear resistance was related to
the farmer’s mindset in terms of being more conservative and traditional in how they farm.
Innovation and change were highly unlikely to occur in these cases (Maria Jose Marques et
al., 2015).
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4.11 Farmer thoughts, feelings and capabilities
This theme describes factors related to what farmers think, feel and can confidently do.

4.11.1 Knowledge
Knowledge of different sustainable farming practices and their technologies was an important
theme influencing uptake (or not) of new practices (Parsa et al., 2014; Rose et al., 2018; Triste
et al., 2018; Wigboldus et al., 2017). It is important to note, knowledge is associated with
education or with information communicated by a range of sources (e.g., governments; peers;
media). Where technical knowledge was low, lower rates of farming practice change were
observed. Limited knowledge of market conditions was found to impact practice change
adoption.

4.11.2 Perceptions
Perceptions about the new practice can be both a barrier and an enabler for its adoption. When
farmers have a negative attitude toward practice change, it is less likely for them to change,
and when they have a positive attitude, adoption is more likely. A perception that the adoption
of the practice offered a high risk for the operation or a financial risk hindered adoption (Honig
et al., 2015). On the other hand, perceptions that implementation of the new practice had little
or no risk were associated with higher adoption rates. Other enablers were perceptions of
improving safety for workers and when farmers have a personality trait of being risk seekers
(Zeweld, Van Huylenbroeck, Tesfay, Azadi, & Speelman, 2018). Perceived ease of the
practice, such as whether it is user-friendly was an enabler of practice adoption.
In addition, a perception that the change to the new practice will decrease productivity which
will result in loss of profitability influences decision-making (Mengistie et al., 2015; P. T.
Owombo & F. O. Idumah, 2017; Pandey & Diwan, 2018; Roesch-McNally et al., 2018). If the
change is perceived to result in an increase in outputs, farmers are more likely to adopt the
new practice (Sastre, Barbero-Sierra, Bienes, Marques, & García-Díaz, 2017; Small, Brown,
& Montes de Oca Munguia, 2016; Triste et al., 2018). When the practice outcome is
unpredictable or explanations lack explicit value, adoption is less likely to occur. An interest in
a specific practice or product technology is also likely to positively influence adoption.
A preference for alternative/other methods was found to be a barrier. If farmers thought that
the benefits of the old practice outweigh benefits derived from new practices, they are less
willing to adopt new practices (Goldberger & Lehrer, 2016). However, when the practice was
perceived to be aligned with the farmers’ objective, or with their worldview of what is the right
thing to do, farmers were more likely to adopt the practice. In addition, a perception that the
current problem they were trying to solve was severe, and that the practice will have benefits,
were also found to be enablers for practice change (M. J. Marques et al., 2015).
Personal beliefs were factors that influenced practice change (both negatively and positively).
Perceptions of a hand-out culture were found to be a barrier (Brown, Nuberg, & Llewellyn,
2018). In addition, a preconception about the practice was also important factor. In some
instances, consequences for the environment were found to be a factor of influence, both
positively and negatively. Negative environmental consequences hindered the practice while
perceived benefits motivated farmers to adopt the new practice.
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4.11.3 Motivation and interest
Motivation to change was found to be a barrier and enabler to practice change (Mengistie et
al., 2015). Absence of motivation can prevent adoption of a new practice while farmers that
are motivated are more likely to change. A lack of interest in the new practice was also found
to be an individual barrier to change.

4.11.4 Trust
Lack of trust was a critical barrier to the adoption of practice change and is often accompanied
by scepticism towards information about the benefits in the practice change (Long et al., 2017).
Lack of trust and scepticism are often part of a generalised mistrust of institutions,
governments, experts, and regulations (Manda et al., 2016; Martin et al., 2015). As a result,
knowledge and information from these sources is often dismissed (Barbero‐Sierra, Marques,
Ruíz‐Pérez, Bienes, & Cruz‐Maceín, 2016). On the other hand, perceived transparency
regarding the purpose and motives of practice change supported the development of trust and
thus enabled change.

4.11.5 Skillset
Having the skills necessary for implementing new practices acts as an enabler to farming
practice change as it supports perceived control and self-efficacy towards practice change.
Zeweld, Van Huylenbroeck, Tesfay, and Speelman (2017) found that technical skills were a
key factor for the adoption of sustainable practices by small land holders. The more skilled
farmers were the more likely practice change became. The opposite was also true, which
means that the likelihood of adoptions reduced as farmers’ skill levels decreased.

4.11.6 Past experience
Past experience in trialling or implementing a practice was an important influence in decisions
to adopt a new or alternative farming practice. Negative experiences with a specific practice
could inhibit further trials and generalise into attitude and motivation barriers to innovation. On
the other hand, positive experiences were more likely to lead to positive approaches to new
practices, thus enabling practice change (Zeweld et al., 2017).
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5.0 CONCLUSIONS AND RECOMMENDATIONS
Minimum Standard fertiliser management is now required under the Agricultural ERA for
sugarcane. Given minimum standards are now required efforts directed to voluntary change
are now expected to be focussed on the next step of improvement in the Sugarcane Water
Quality Risk Framework: Best Practice (‘moderate-low water quality risk’) to continue to
progress towards targets set.
In this context, it is useful to reflect on what has been learnt in this project about the costeffectiveness of different mechanisms for facilitating or contracting practice improvement, and
about the conditions necessary for facilitating voluntary behaviour change more generally.
From the current, post-2019 Reef Regulations position, the following points emerge.
•

Drawing on learnings from grant-/extension-based programs in the period prior to the
2019 Revisions, cane grant-/extension-based opportunities focussed on other aspects
of practice change, for example, around pesticide management or grazing
management to reduce fine sediment erosion, may warrant consideration for granting
opportunities such as Reverse Tenders.

•

Learnings from the social marketing side of this project have an important role to play
in enhancing the effectiveness of grant/extension programs going forward. Now is the
time to take those learnings on-board when re-considering the role of grant/extensionbased approaches for encouraging voluntary practice change, post-2019 Revisions.
Key recommendations follow.

Recommendation 1: Fostering shared responsibility
A key learning by the NESP TWQ Hub 4.12 project team are that individual farmers are
approached by a range of different programs, initiatives and organisations all of whom are
seeking one or more farming practice changes. The need for a holistic approach is clear. Broad
acknowledgement of key issues and identification of solutions that can be readily implemented
by diverse stakeholders who operate across sectors is key to attaining lasting changes that
benefit the Great Barrier Reef. Fostering ownership and shared responsibility across industries
is central to success. At present stakeholder views are inconsistent and indicative of very poor
understanding of other viewpoints. While the need for a holistic approach is emerging, it is
important to acknowledge that regional differences may continue to exist and localised
evidence will first be needed to increase understanding that ‘this is my problem’ for all involved
stakeholders.
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Recommendation 2: Upskilling extension support services
A change in extension service provision is needed. Results from the NESP TWQ Hub Project
4.12 research activities including the Creating Collective Solutions (CCS) workshop (see
Roemer et al., 2020c) highlighted the need for qualified and tailored support. In the CCS
workshops, stakeholders identified the need for advisors to provide consistent advice with
guidance focused on optimising change outcomes and farming practices. A quote from the
workshop emphasised the need for better trained advisors:
“We need an army of trained, trustworthy, available, agronomic advisors, who are able to offer
ongoing service and support, as well as offering consistent advice”
Extension service provision serves as a means to disseminate information through direct
interactions with farmers that at its best is typified by well-established trusted relationships.
Linked to Recommendation 1, upskilling and training extension support service officers is
needed to deliver improvements in the sector and in particular focus on delivery of key
messages to achieve project outcomes is needed. To understand messages that are delivered,
evaluation of extension service provision by farmers receiving service support should become
standard practice (see Recommendation 5).
Moving forward, extension support officers need training to build a skill set in identifying farmer
needs and they will need to be able to deliver tailored support. Upskilling could involve
workshops, seminars and training sessions that are focussed on farmer orientation (seeing it
through their eyes to understand what message needs to be delivered), enhancing
communication effectiveness (ensuring messages are tailored to farmers and emphasise the
benefits (e.g. improved profit of recommended changes), and ensuring a positive farmer
experience (e.g. monitor farmer awareness of key issues, measure farmers satisfaction with
services provided).

Recommendation 3: Change communication practices
A change in communication practices is needed. The need for communication of positive
outcomes for the broader farmer community was identified in the NESP TWQ Hub 4.12 project.
Positive stories can reach across regions and they can deliver hope and inspiration for others.
Delivery of interesting case studies allows stakeholders to learn from each other. Efforts to
translate scientific papers and dense reports into accessible forms that ensure the message is
received as intended is urgently needed.

Recommendation 4: Change industry leadership practices
A change in industry leadership practices is urgently needed. Strong advocacy from leaders in
the industry is recommended to concurrently acknowledge pesticide and nutrient reduction is
a necessity and that industry is taking ownership and is part of the solution.
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Recommendation 5: Change evaluation practice
Calls for more a reflexive stance have been evident for some time (Gordon & Gurrieri, 2014,
p. 262) and underpinned the approach envisaged for this project. The NESP 4.12 project has
identified this mindset has yet to materialise in efforts aiming to improve water quality to benefit
the Reef.
Evaluations that move away from a ’prove’ mindset towards an ’improve’ mindset are urgently
needed. Evaluation practice needs to focus on learning from experiences gained to
understand what improvements are needed to extend program success (McHugh, 2017).
Rather than waiting for the final outcome of a project a reflexive stance calls for evaluations to
be undertaken during projects. A reflexive approach ensures that costly mistakes are avoided
through early identification of approaches that aren’t working.
Evaluation practices need to broaden focus beyond the individuals targeted for change (e.g.
farmers). A broader evaluation focus recognises all stakeholders share responsibility (see
Recommendation 1). Moving forward, utilisation of action mapping methods such as Creating
Collective Solutions (see Figure 7) is recommended. CCS invites a wide array of stakeholders
to identify barriers or to set priorities. To ensure all voices are heard the consultation processes
applied during the CCS process distinguish between:
1) Project incumbents (stakeholders currently involved and who do have a vested
interest),
2) Challengers (stakeholders outside of the current business as usual who can join
forces to drive further progress)
3) Policy makers
Through involving diverse stakeholder standpoints CCS is able to break inertia. The CCS
process steps stakeholders through difficult conversations to understand how additional
improvements can be made. CCS can be applied to projects that are in progress.
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Figure 7: Creating Collective Solutions Process

In terms of outcome evaluation the NESP TWQ Hub Project 4.12 team recommends that
dynamic assessment methods be used (David & Rundle-Thiele, 2019; David, Rundle-Thiele,
& Pallant, 2019). Dynamic approaches identify rates of change and drivers of positive (and
undesired) change while simultaneously identifying the proportion who remain unchanged and
drivers of no change. Dynamic evaluation approaches extend understanding significantly
beyond more widely known static repeated-measures design approaches that track individual
or group changes over time.
Evaluations can inform project improvements and other projects can adopt successful
measures to deliver greater outcomes based on learnings gained when projects are monitored
and evaluated and findings are shared through widespread dissemination of project findings.
Many farmers are approached to participate in more than one project. Moving forward,
evaluation that is farmer and not project focussed is recommended to permit examination of
interaction effects between projects and reduce survey fatigue for individuals surveyed. A
coordinated evaluation led by an independent third party who has no other involvement in the
sugar cane sector is recommended.
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APPENDIX A: THEMES AND FACTORS PREVENTING AND ENABLING ENGAGEMENT IN
PRACTICE CHANGE PROJECTS
Dimension

Financial
support &
Market forces

Definition

Financial
outputs and
inputs

Barriers

David
et al.
(2020)5

High up-front costs

✓

Lack of money

✓

Access to cash

✓

Lack of
government
funding

✓

Shawky
et al.
(2020)6

Roemer
et al.
(2020a)7

Roemer
et al.
(2020b)8

✓

Roemer
et al.
(2020c)9

✓

✓

Misplaced
resources

✓

✓

-

Information
dissemination

How the
information is
communicated.

Failure to deliver
communication that
farmers need and
value

✓

Low/no
communication
between
stakeholders

✓

✓

Enablers

Household
income
Diversified
income
Improved
financial
returns
Financial
support
Market forces:
Commodity
pricing
Branding and
image

David
et al.
(2020)

Shawky
et al.
(2020)

Roemer
et al.
(2020a)

Roemer
et al.
(2020b)

Roemer
et al.
(2020c)

✓
✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

Clear
communicatio
n

✓

✓

✓

✓

✓

Bridging
science and
practice
delivering

✓

✓

✓

✓

✓

✓
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Shawky, S., & Rundle-Thiele, S., David, P. (in review 2020). Identifying enablers of and barriers to sugar cane growing practice change: An evidence review. Australasian Journal of Environmental
Management.
7
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8
Roemer, C., Rundle-Thiele, S., David, P., Sewak, A. (in review 2020b). Disentangling growing practice and growing practice change: A qualitative enquiry. Human Relations.
9
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Dimension

Definition

Barriers

David
et al.
(2020)5

Shawky
et al.
(2020)6

Roemer
et al.
(2020a)7

Roemer
et al.
(2020b)8

Roemer
et al.
(2020c)9

Enablers

David
et al.
(2020)

Shawky
et al.
(2020)

Roemer
et al.
(2020a)

Roemer
et al.
(2020b)

Roemer
et al.
(2020c)

✓

✓

access to
scientists

-

Lack of resources
Farmer &
Farm
characteristics

Farmer’s
demographic
and farmland’s
geographic
characteristics

✓

✓

Farmer
demographic
characteristics

-

Institutional
setting &
Regulations

Government
regulations and
institutions
interests/agenda

Lack of
repercussion

✓

Industry influence

✓

✓

Lack of holistic
approach

Stakeholder
interactions

Farming
practice

Interactions and
relationships
between two or
more
stakeholders

Factors related
to the farming

Significant
amount of
data and
knowledge on
the GBR
Farmland
characteristics

✓

Stakeholders'
competing interest

✓

Lack of leadership

✓

✓

Land/stock
ownership
Natural
resources
Regulation
and policy
Institutional
structure
Extension
service
provision
Training and
education

✓
✓
✓
✓
✓

✓

✓

✓

✓

✓

✓

Peers

✓

✓

Collaboration

✓

-

Social norms

✓

Business
management

✓

✓

✓
✓

Community
led

✓

✓

✓

-

Time

✓

✓
✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓
✓
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Dimension

Definition

Barriers

David
et al.
(2020)5

operation and
management.

Lack of innovation

✓

Lack of alternatives

Beliefs
Attitudes and
Individual
Capabilities

People’s
awareness,
knowledge,
capabilities,
what people
think, feel,
believe and can
already
confidently do

Roemer
et al.
(2020a)7

Roemer
et al.
(2020b)8

Roemer
et al.
(2020c)9
✓

✓

✓

Enablers

Technical
aspects
Labour
availability

David
et al.
(2020)

✓

Resistance

✓

✓

Perceptions

✓

Motivation and
interest

✓

Skillset

✓

Experience
with the
promoted
practice

✓

Trust

✓

Outcome
expectations

✓

-

Roemer
et al.
(2020c)

✓

Knowledge

-

Roemer
et al.
(2020b)

✓

✓

-

Roemer
et al.
(2020a)

✓

✓

-

Shawky
et al.
(2020)

✓

Preference

-
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Shawky
et al.
(2020)6

✓

✓

✓

✓

✓

✓

✓
✓

✓

✓
✓

✓

✓

✓

✓

✓

✓

✓
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