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Abstract
This study focuses on actor engagement (AE) within complex agricultural innovation systems
(AIS). These systems support continued food security for the world’s burgeoning population.
However, AIS are difficult to investigate empirically and research often lacks strategic and
organisational relevance. Accordingly, this study uses AE theory to provide deeper
theoretical explanations of how actors create, mobilise, and exchange resources at the microlevel of AIS, extending the notion of engagement to encompass the activities of all types of
actors present in an innovation system. In doing so, it contributes to the understanding of the
dynamics of AE, and how motives, valence, type of engagement, and level of engagement
expected relate to actor disposition and the relational and temporal properties of engagement.
This research adopts a case study method to investigate the network of actors involved in the
transformation of pest and disease control practices in the New Zealand kiwifruit industry.
The industry is facing significant pressure to decrease their usage of conventional pesticides
due to new legislation, consumer demand for residue-free produce, and emerging pesticide
resistance. Biopesticides offer an alternative solution: however, their uptake to date has been
low. A shift towards the use of biopesticides would enable the industry to maintain their
position as the world’s leading kiwifruit export brand and as New Zealand’s most valuable
horticultural export crop.
Using AE and AIS theory, this study identified an interplay of factors that are impeding and
facilitating the shift towards biopesticides. Uptake was found to be hindered by industry-wide
resistance to change, lack of legitimacy around biopesticides, and deeply ingrained norms
around the use of conventional pesticides. However, the network showed an ability to
reconfigure itself in response to problem-solving and value creation opportunities and to
work collaboratively towards a common goal. Subsequently, this study highlights
opportunities to facilitate an increase in the use of biopesticides, as well as areas to provide
flexible support instruments to allow ongoing change in the network.

i

Acknowledgements
To my academic supervisor Dr Vicki Little, I cannot thank you enough for the endless
support and encouragement you have given me. You not only offered supervision and
mentorship but our discussions inspired me to think deeply about sustainability and how we
can change the world. I hope you and Sarah have the most amazing adventures in Malaysia
and wherever else the world may take you.
To my industry supervisor Sue Muggleston, thank you so much for the ongoing mentorship,
professional opportunities, and friendship. You continue to inspire me with your level of
knowledge and commitment in what you do, and I am extremely grateful to be able to learn
from you every day.
Thank you to Plant & Food Research for hosting me during my Summer Studentship and
thesis project, to the science and business teams for providing their valuable knowledge, and
to the science editors that helped with spelling and grammar. Thank you to Samantha
Buttimore and Darja Pavlović Nelson for all of the advice, laughs, and fries.
A million thank you’s to my friends and family – to my mum for being my rock, I would not
have been able to do this without your encouragement, endless support, and last-minute
editing; to my sisters for your love and reassurance it will all be worth it in the end; and to all
of my friends and flatmates for always being there for me. I am overwhelmed and inspired
every day by all of your strength, hard work, and determination.
To my Bioscience Enterprise family, I am so grateful to have met a group of such
hardworking, likeminded, caring, and fun people. You have all given me two years I will
never forget.
To all of my interviewees, thank you for inviting me into your homes and workplaces and for
sharing cups of tea and insights with me. The discussions I had with you were extremely
thought provoking – both for this research and in a personal sense.

ii

Table of Contents2
Abstract .......................................................................................................................................i
Acknowledgements ................................................................................................................... ii
Table of Contents ..................................................................................................................... iii
List of Figures ............................................................................................................................ v
List of Tables ............................................................................................................................vi
Glossary .................................................................................................................................. vii
1.0 Introduction .......................................................................................................................... 9
1.1 Background to this study ................................................................................................. 9
1.2 Research setting: A shifting kiwifruit industry .............................................................. 12
1.3 Theoretical approach ...................................................................................................... 14
1.4 Research questions and methodology ............................................................................ 15
1.5 Contribution of this study .............................................................................................. 16
1.6 A roadmap to this thesis ................................................................................................. 17
2.0 Literature Review............................................................................................................... 18
2.1 The evolution of agricultural innovation theory ............................................................ 18
2.1.1 Linear approach ...................................................................................................... 18
2.1.2 Farming systems (FS) ............................................................................................. 20
2.1.3 Agricultural knowledge and information systems (AKIS) ..................................... 21
2.1.4 Agricultural innovation systems (AIS) ................................................................... 21
2.2 Actor engagement as a microfoundation for agricultural innovation systems .............. 24
2.2.1 System structures .................................................................................................... 26
2.2.2 System context ........................................................................................................ 27
2.2.3 System functions ..................................................................................................... 28
2.3 From customer to actor engagement .............................................................................. 30
2.3.1 Connections and dispositions.................................................................................. 31
2.3.2 Dispositional characteristics ................................................................................... 33
2.4 Chapter Summary .......................................................................................................... 35
3.0 Research Strategy and Execution....................................................................................... 37
3.1 Research design ............................................................................................................. 37
3.2 Data sources ................................................................................................................... 38
3.3 Data collection ............................................................................................................... 41
3.4 Data analysis .................................................................................................................. 42

iii

3.5 Validity, reliability and trustworthiness ......................................................................... 43
3.6 Ethical concerns ............................................................................................................. 45
4.0 Results ................................................................................................................................ 47
4.1 The engagement network ............................................................................................... 47
4.1.1 Actors and their connections................................................................................... 47
4.1.2 The Marketing Body as an innovation intermediary .............................................. 50
4.2 Orientation towards change ........................................................................................... 53
4.2.1 Reactive attitude towards change ........................................................................... 54
4.2.2 Inactive attitude towards change............................................................................. 59
4.2.3 Preactive attitude towards change........................................................................... 66
4.2.4 Proactive attitude towards change .......................................................................... 74
4.3 Chapter Summary .......................................................................................................... 78
5.0 Discussion .......................................................................................................................... 81
5.1 The dynamics of engagement networks ......................................................................... 81
5.1.1 Volume and variety of actors .................................................................................. 82
5.1.2 Dynamism and evolution of networks .................................................................... 83
5.1.3 Collaboration and shared intentionality .................................................................. 84
5.2 Dispositional and situational drivers of actor engagement ............................................ 87
5.2.1 Systemic lock-in impeding biopesticide uptake ..................................................... 87
5.2.2 Drivers of systems change ...................................................................................... 89
5.4 Chapter summary ........................................................................................................... 91
6.0 Conclusions and Implications ............................................................................................ 94
6.1 Addressing the research questions ................................................................................. 94
6.2 Implications for research................................................................................................ 96
6.3 Limitations ..................................................................................................................... 98
6.4 Future research ............................................................................................................... 99
Appendices............................................................................................................................. 100
Appendix 1 Interview schedule example ........................................................................... 100
Appendix 2 Coding framework ......................................................................................... 101
Appendix 3 Multi-actor networks ...................................................................................... 102
Bibliography .......................................................................................................................... 104

iv

List of Figures
Figure 1 Warning of pesticide spraying [Source: (Jetsandzepplins, 2013)] .............................. 9
Figure 2 New Zealand kiwifruit growing regions [Adapted from: (Zespri, 2017a)] ............... 13
Figure 3 Spraying of biopesticide to whole-vine trials using handgun [Source: (Plant & Food
Research, 2017)] .............................................................................................................. 14
Figure 4 Linear approach to agricultural innovation ............................................................... 19
Figure 5 AKIS triangular model [Source: (World Bank, 2006)] ............................................. 21
Figure 6 Actor engagement as a microfoundation for agricultural innovation systems [adapted
from: (Storbacka et al., 2016)] ......................................................................................... 25
Figure 7 Regional focus for this study ..................................................................................... 37
Figure 8 Network of actors involved in the innovation of biopesticides for the kiwifruit
industry ............................................................................................................................ 47
Figure 9 Example of one-to-one and many-to-many networks of actors ................................ 50
Figure 10 Six-stage emotional response of actors to the bacterial disease Pseudomonas
syringae pv. actinidiae (Psa) ............................................................................................ 55
Figure 11 Giant kiwifruit as symbol for Te Puke – the “kiwifruit capital of the world”
[Source: (Pseudopanax, 2014)] ........................................................................................ 59
Figure 12 Approximate percentage of pest and disease control obtained using holistic vs
atomistic approach [Source: (Scientist 2, Research organisation, interview)] ................ 65
Figure 13 Grass growing beneath a well-maintained open light canopy [Source: author] ...... 65
Figure 14 Pressures leading to increased demand for biopesticides in the New Zealand
kiwifruit industry ............................................................................................................. 67
Figure 15 Stereotype of experimental vs traditional growers in the New Zealand kiwifruit
industry ............................................................................................................................ 76
Figure 16 Damage of kiwifruit cane caused by cicada [Source: author] ................................. 77
Figure 17 Interplay of factors impeding and facilitating the uptake of biopesticides in the
New Zealand kiwifruit industry ....................................................................................... 80
Figure 18 Reconfiguration of engagement networks in response to change ........................... 83
Figure 19 Revised model of AE as a microfoundation for AIS ............................................... 91

v

List of Tables
Table 1 Advantages and disadvantages of biopesticides vs conventional pesticides [Adapted
from: (Dikshit & Gupta, 2010)] ....................................................................................... 10
Table 2 Global biopesticide and conventional pesticide markets, through 2021 (US$ millions)
[Source: (Chen, 2017)] .................................................................................................... 11
Table 3 Study research aims and questions ............................................................................. 16
Table 4 Overview of four approaches to agricultural innovation [Adapted from: (Schut,
2014)] ............................................................................................................................... 23
Table 5 Types of actor disposition ........................................................................................... 32
Table 6 Interview participants from each network group ........................................................ 39
Table 7 Orchardist code names and background ..................................................................... 40
Table 8 Tactics to enhance the validity, reliability, trustworthiness of data [Adapted from:
(Yin, 2013)] ..................................................................................................................... 43
Table 9 Description of the 11 key network actors involved in the shift of the New Zealand
kiwifruit industry towards biopesticides .......................................................................... 48
Table 10 Innovation system functions and activities enabled by the Marketing Body ........... 51
Table 11 Four typologies of actors in the engagement network showing their attitude towards
change .............................................................................................................................. 53
Table 12 Types of actor engagement and actor disposition ..................................................... 86
Table 13 Study research aims and questions ........................................................................... 94

vi

Glossary
Actors

Individuals and collections of individuals, such as
groups and organisations, present in an innovation
system.

Agrochemicals

A chemical used in agriculture, such as a fungicide,
bactericide, insecticide or fertiliser.

Biodiversity

The diversity of plant and animal life in the world
or in a particular habitat.

Biopesticides or biocontrol agents

Pesticides derived from natural materials including
animals, plants, fungi, viruses, bacteria, and
minerals.

Brown Marmorated Stink Bug

An invasive bug that is a serious pest of fruit,
vegetable, and other crops.

Bud break

The opening of a dormant bud on a kiwifruit plant
in the spring, which is followed by shoot growth
and flowering.

Chorus Cicada

A widespread endemic forest species of cicada that
has colonised kiwifruit orchards and causes
significant damage and nuisance in orchards.

Conventional pesticides

All pesticides other than biopesticides, active
ingredients are typically produced synthetically.

Extension services

Individuals or institutions responsible for the
application of scientific research and new
knowledge to agricultural practices through farmer
education.

Hydrogen cyanamide (Hi-Cane®)

Agrochemical sprayed on kiwifruit vines to increase
the number of fruit on the vines, promote bud
break, and ensure earlier and shorter flowering.

Integrated pest management (IPM)

Ecosystem-based strategy that focuses on the longterm prevention of pests or their damage through a
combination of techniques such as biopesticides and
cultural practices.

Kiwifruit

Edible fruit of several species of woody vines in the
genus Actinidia. Multiple commercially-available
varieties including green-fleshed and gold-fleshed
fruit.
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Mātauranga Māori

The body of knowledge originating from Māori
ancestors, including the Māori world view and
perspectives, Māori creativity and cultural
practices.

Maximum residue levels (MRLs)

The highest level of a pesticide residue that is
tolerated in food when pesticides are applied
correctly.

Monoculture

The cultivation of a single crop in a given area.

Pseudomonas syringae pv.
actinidiae (Psa)

Bacterial disease of kiwifruit vines that is a serious
threat to production worldwide.

Pesticide residues

The pesticides that may remain in or on food after
they are applied to crops.

Sooty Mould

A fungus that grows on the sugary residue
deposited onto fruit by insects (e.g. cicada) feeding
on the sap of the kiwifruit plant.

Spray drift

The movement of pesticide dust or droplets through
the air at the time of application, or soon after, to
any site other than the intended area.

Trunk girdling

The removal of a band of bark and tissue from
around the trunk of a kiwifruit plant to increase the
availability of carbohydrates.

Zero leafing

Method of removing growing tips from shoots
where there is sufficient leaf area present and where
the shoot is not required to be part of next year’s
fruiting canopy.
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1.0 Introduction
1.1 Background to this study
Agriculture and the global food crisis
The Food and Agricultural Organization of the United Nations claims food production must
increase by 70% in order to feed the projected world population of 9.1 billion in 2050
(Alexandratos & Bruinsma, 2012). While this presents a major challenge for agriculture,
providing enough food for the burgeoning population is only one part of the challenge.
Agricultural production is currently threatened by global shortages of water and arable soil,
rapid loss of biodiversity, and extreme weather patterns caused by climate change (Elbehri,
2015; Smil, 2000). Under such conditions, there are increasing outbreaks of pests (e.g.
herbivorous insects, mites, rodents, snails and birds), plant diseases (bacteria, viruses, fungi
and phytoplasma), and weeds (i.e. competitive plants) (Alexandratos & Bruinsma, 2012;
Oerke, 2006). Therefore, there is a need to find new and innovative ways to control pests and
diseases to minimise crop losses.
Conventional pesticides (typically comprising of synthetic chemicals and other man-made
substances) have played an integral role in reducing crop losses and increasing productivity
in past years (Aktar, Sengupta, & Chowdhury, 2009; Popp, Pető, & Nagy, 2013). However,
over-dependent and indiscriminate use of

Figure 1 Warning of pesticide spraying [Source:
(Jetsandzepplins, 2013)]

conventional pesticides imposes
detrimental effects on the environment
such as groundwater contamination, loss
of soil biodiversity leading to
nutritionally imbalanced land, pesticide
resistance, and harm to non-target crops,
pest predators, bees, fish, and birds
(Mahmood, Imadi, Shazadi, Gul, &
Hakeem, 2016; Pimentel et al., 1992).
Pesticides are also a major cause of concern for public health, causing acute illness (e.g.
respiratory tract, eye and skin irritation, nausea and vomiting) in workers that directly handle
them and in surrounding communities which are impacted by spray drift. They are also
increasingly being linked to widespread chronic diseases (e.g. cancer, Parkinson’s disease,
asthma and depression) via regular intake of residues in food (Nicolopoulou-Stamiti, Maipas,
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Kotampasi, Stamatis, & Hens, 2016; World Health Organization, 1990). Consequently, a
global shift away from conventional pesticides is being driven by consumer demand for
residue-free fruit, as well as new legislation which is banning the use of certain conventional
chemicals (Chandler et al., 2011; "Establishing a framework for Community action to
achieve the sustainable use of pesticides," 2009). While these pressures are creating a need
for alternative methods of crop protection, meeting production, environmental, and health
goals will be a monumental task. Promoting technological change is essential to finding a
way forward to ensure global food security (Nicolopoulou-Stamiti et al., 2016).
The biopesticide revolution
“... the world is changing rapidly and we have to be part of it. But it is a long, hard
road [with] biocontrol.”
- AgCo2 (Agchem company 2, interview)
One promising solution to the problem is biopesticides (or biocontrol agents), commonly
defined as pesticides derived from natural materials including animals, plants, fungi,
viruses, bacteria, and minerals (The United States Environmental Protection Agency, 2016).
When used in an integrated pest management (IPM) programme, biopesticides can provide a
level of control that is equal to, if not better than conventional products (Chandler et al.,
2011; Dikshit & Gupta, 2010; Marrone, 2010; Sahni, Prasad, & Kumar, 2017). Biopesticides
also offer several benefits over their conventional counterparts:
Table 1 Advantages and disadvantages of biopesticides vs conventional pesticides [Adapted from: (Dikshit & Gupta, 2010)]

Factors

Biopesticides

Conventional Pesticides

Cost-effectiveness

Costlier but reduced no. applications

Cheaper

Persistence and residual effect on
environment

Low

High

Pest and disease knockdown

Delayed

Immediate

Handling and bulkiness

Bulky (carrier based) or easy (liquid
formation)

Bulky (carrier based) or easy (liquid
formation)

Pest resurgence

Less

More

Resistance

Less prone

More prone

Effect on beneficial species

Less harmful

More harmful

Target specificity

Mostly host-specific

Mostly broad-spectrum

Nature of control

Preventative

Curative

Shelf-life

Less

Greater
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Of particular benefit is the short withholding period of biopesticides (i.e. the minimum time
that must elapse between the application of a chemical and consumption of produce), which
means they can be applied across the entire season while leaving minimal residues (Stewart,
Ramilan, & Yu, 2017). Together, the opportunities and benefits of biopesticides are leading
to a booming market:
Table 2 Global biopesticide and conventional pesticide markets, through 2021 (US$ millions) [Source: (Chen, 2017)]

Type

2015

2016

2021

CAGR% 2016-2021

Biopesticides

3,661

3,971

7,690

14.1

Conventional pesticides

53,800

56,200

71,000

4.8

Total

58,361

60,171

78,690

5.5

The drastic increase in the projected value for the total agrochemical market (US$58,361
million in 2015 to $78,690 million in 2021) reflects the desperation of the agricultural
industry for products to control pests and diseases. The continued growth of the conventional
pesticide market shows they are likely to maintain their dominant position in crop protection
strategies for years to come. Nevertheless, the market for biopesticides is experiencing rapid
growth with a compound annual growth rate (CAGR) of 14.1%, showing they are
increasingly being recognised as a viable alternative to conventional pesticides, which have a
considerably lower CAGR of 4.8%.
In spite of the growing market and significant investment into research over the last 30 years,
there are far fewer biopesticide products on the market. Within New Zealand (NZ) for
example, only 49 biopesticides were registered in 2015 (O’Callaghan, Wilson, & Zydenbos,
2015) compared to around 1000 conventional products (Stewart et al., 2017). Furthermore,
the uptake of biopesticides in NZ (O’Callaghan et al., 2015) and worldwide (Barraat, Moran,
Bigler, & van Lenteren, 2018) has been low. Barriers to the adoption of biopesticides are well
understood, and encompass those that are technical (e.g. low efficacy and consistency, and
delivery systems) and commercial (e.g. a highly competitive and capital-intensive
marketplace, risk-averse customers, complex selling channels, increased costs, lack of
awareness, and regulatory delays in registration) (Barraat et al., 2018; Marrone, 2010).
However, these issues are generally explored in isolation and little action has been taken to
break down barriers (Marrone, 2010), leading to calls for research and industry groups to
think and act in a more holistic, collaborative way to come up with solutions (Travis &
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Moran-Diez, 2016). Consequently, this research applies a networked, holistic view to the
problem: investigating the interplay of factors which are impeding and facilitating a shift
towards biopesticide use.

1.2 Research setting: A shifting kiwifruit industry
“If I was to give you a rating of what industries will go faster down the biocontrol
track and how enthusiastic they are to be doing it, I would put kiwifruit as number one
...”
- AgCo2 (Agchem company 2, interview)
Gaining insight into the issue of poor biopesticide adoption requires a research setting that
has in the past, or is currently experiencing a shift towards alternative pest and disease (P&D)
control practices. The NZ kiwifruit industry provides such a setting. The following section
provides the reader with a contextual background to the industry, with a focus on their
success and the inevitable shift towards biopesticides.

Success of the NZ kiwifruit industry
The kiwifruit industry is considered to be a major success story for NZ, being the largest
single horticultural export crop by volume and value. While generating returns of NZ$1.8
billion in 2017 (Ministry for Primary Industries, 2017; Statistics New Zealand, 2017), the
industry is expected to maintain rapid growth towards sales of NZ$4.5 billion in 2025
(Skellern, 2017). Growth will be achieved through continued innovation of new varieties and
sustainable production techniques, a significant investment in productivity and marketing,
and expansion of production areas (Greer & Saunders, 2012). In addition to its economic
value, kiwifruit is also te tohu o te Aotearoa: a symbol with cultural significance to NZ. The
importance of the kiwifruit industry to New Zealanders was evident throughout many
informal conversations had across the duration of the research, where many people told
stories of “somebody they knew” who works in the industry.
The industry is unique among NZ horticultural industries because it operates under a single
point of entry structure, whereby a grower-owned organisation (referred to in this thesis as
the Marketing Body) has control over all kiwifruit exports except for those to Australia
(Kilgour, Saunders, Scrimgeour, & Zellman, 2008; Lee-Jones, 2016). The P&D control
products used by growers must strictly adhere to a list of allowable compounds provided by
12

the Marketing Body (e.g. Zespri, 2014), which is monitored through comprehensive residue
testing (Zespri, 2017b).
Being the first country to accelerate production

Figure 2 New Zealand kiwifruit growing regions
[Adapted from: (Zespri, 2017a)]

in the early 1980s (Kilgour et al., 2008), the
NZ kiwifruit industry has grown considerably
over the years and now encompasses over
2,600 growers and approximately 12,185
production hectares (Ministry for Primary
Industries, 2016b; New Zealand Kiwifruit
Growers Incorporated, 2018). The Bay of
Plenty region is the heart of kiwifruit growing
in NZ, with smaller established areas in
Northland, Auckland, Gisborne, and Nelson
(Zespri, 2017a).
A shift towards biopesticides
Like any crop, kiwifruit faces a number of challenges from pests (e.g. cicada, Passion Vine
Hopper, leafroller and Scale) and diseases (e.g. Sclerotinia and Armillaria), which
collectively result in significant crop losses (Acorn Foundation et al., 2016). In particular, the
industry faced over $400 million in lost revenue and recovery costs after the arrival of the
virulent bacterial disease Pseudomonas syringae pv. actinidiae (commonly known as Psa) in
2010 (Ministry for Primary Industries, 2016a). This is excluding the costs of indirect impacts
(e.g. well-being of the community) (Greer & Saunders, 2012). The severity of damage caused
by Psa highlights the vulnerability of kiwifruit as a monoculture, referring to the fact that
majority of NZ kiwifruit are genetically similar and grown in close proximity, creating a high
risk of rapid P&D spread (Ministry for Primary Industries, 2016a). Because of this risk, the
industry puts a lot of effort into mitigating the effects of pests and diseases.
The NZ kiwifruit industry is primarily export-based, selling fruit in over 53 export countries
(New Zealand Kiwifruit Growers Incorporated, 2018). Therefore, a global shift away from
conventional pesticides is creating significant pressure on the industry to seek alternative
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Figure 3 Spraying of biopesticide to whole-vine trials using handgun
[Source: (Plant & Food Research, 2017)]

forms of P&D control. The embargo
on some conventional pesticides is
leading the industry to invest heavily
in research and development around
biopesticides (e.g. Plant & Food
Research, 2015). A shift towards
biopesticide use will not only enable
the industry to meet overseas residue
compliance and respond to changing
consumer demand, but they will also
provide additional tools for Psa

control. Of particular concern is the increasing signs of copper-resistant Psa, which is
currently the industry’s primary control tool (O’Callaghan et al., 2015). Additionally,
growers are concerned over the negative effects of copper on soil biodiversity. They are
pushing the industry to seek out more natural alternatives for of Psa control, which is leading
to the increased investment in biopesticides.
The uptake of biopesticides in the NZ kiwifruit industry to date has been low (O’Callaghan et
al., 2015), hence there is a clear need to understand the factors which are impeding and
facilitating uptake. This was the genesis of this research. However, rather than focusing on
the technical and commercial barriers, this study responds to calls by industry to take a
holistic, systems approach. The research, therefore, focuses on the network of actors involved
in the transition of the NZ kiwifruit industry towards biopesticides. In doing so, this study
hopes to contribute to building blocks for understanding the capacity of the system to
innovate and respond to current and future change.

1.3 Theoretical approach
Rather than being a question of supply (technology push) or demand (technology pull), the
poor uptake of biopesticides in the kiwifruit industry is a “complex problem.” Complex
problems are characterised by the fact that 1) every problem is fundamentally unique; 2)
cause and effect is unknown and unknowable; 3) each complex problem likely stems from
another; and 4) the “solution” to a complex problem is subjective and depends on how it is
understood (Rittel & Webber, 1973). Because of the intricacy of studying complex problems,
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this research needed to adopt a holistic approach to understand the uptake of biopesticides in
its entirety, and to identify innovative, multifaceted, and long-lasting solutions. Accordingly,
this study adopts an agricultural innovation systems (AIS) lens, which focuses on the network
of actors engaged in the development of products, processes, and forms of organisation, as
well as the institutions and policies that shape the way they interact and use knowledge
(World Bank, 2006). The system in this study is delineated by a particular technology (i.e.
biopesticides), within a single sector (i.e. kiwifruit), and a geographical region (i.e. New
Zealand) (Bergek, Jacobsson, Carlsson, Lindmark, & Rickne, 2008). By adopting an AIS
approach, this research yields valuable practical insights into how industry members can
enhance the capacity of the system to generate and respond to change (Schut, 2014).
While systems analysis provides a broad understanding of complex problems (Bergek et al.,
2008), it is often at the expense of gaining deep insight into the constituent parts of a system.
Consequently, as Storbacka, Brodie, Bohmann, Maglio, and Nenonen (2016) note, practical
solutions arising from applications of innovation systems theory often lack strategic and
organisational relevance. The current study addresses this issue by using actor engagement
(AE) theory as a microfoundation for AIS, which was initially proposed by Storbacka et al.
(2016). In doing so, this study simultaneously uses the two theories to examine the network
of actors involved in the innovation system (Lundvall, 1988), and how they define their
strategy, react to the actions of other actors and to changes in the environment, and try to
modify the environment to fit their goals (Speilman, Ekboir, & Davis, 2009). As AE theory is
still in its infancy and its role within AIS has yet to be empirically explored, the research
focuses on how the findings of this study support, contradict and extend the current literature.
In particular, this thesis responds to calls by Storbacka et al. (2016) to understand how
dispositional characteristics (motives, type of engagement, the level of engagement expected,
and valence) relate to actor disposition and the relational and temporal properties of
engagement, within the context of an innovation system.

1.4 Research questions and methodology
Against this practical and theoretical background, this study aims to address three research
questions, each related to the practical or theoretical research aim:

15

Table 3 Study research aims and questions

Research Aim
Practical: To understand the poor
uptake of biopesticides in the New
Zealand kiwifruit industry

Research Questions
•

the New Zealand kiwifruit industry?
•

AE within AIS

What capacity does the system have to respond to a shift towards
biopesticides?

•
Theoretical: To understand the role of

What factors are impeding or facilitating the uptake of biopesticides in

How do dispositional characteristics (motives, type of engagement, the
level of engagement expected, and valence) relate to actor disposition
and the relational and temporal properties of engagement within the
context of an innovation system?

The study adopts a single-case study design to address these questions, with the case being
P&D control practices in the NZ kiwifruit industry. The scope of the research encompasses a
widespread view of the case, focusing on a network of actors who play a central role in the
innovation of biopesticides (e.g. research organisations, NZ agrochemical companies and
agrochemical suppliers) and in P&D control in the kiwifruit industry (e.g. orchardists and the
Marketing Body). The study gives an appreciation to the activities of a diverse range of
actors. However, it focuses on a core set of 11 actors who are identified in the findings as
having close interactions and as playing a central role in influencing change in P&D control.
The study is carried out in two phases: 1) a pre-understanding phase encompassing secondary
data collection and participant observation within a research organisation and industry
conference; and 2) a primary data collection phase comprised of semi-structured interviews
with key actors in the engagement network, and further observations at the research
organisation and on-orchard. Together, these two phases blend foundational secondary
information with deep, rich primary data to provide a thorough understanding of the case.

1.5 Contribution of this study
By addressing the three research questions, this study has practical and theoretical
significance.
It is clear that should the NZ kiwifruit industry not successfully shift towards biopesticide
usage there will be severe ramifications, both for the profitability of the industry and for NZ’s
export returns. To reduce this risk, the research identifies key factors which are impeding and
facilitating the shift of the industry towards biopesticides. In doing so, opportunities to
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enhance the capacity of the innovation system to respond to change are identified, which are
valuable to a range of stakeholders in the kiwifruit and biopesticide industries.
This research contributes to two emerging streams of literature: AIS and AE. The study
makes an important contribution, as a systemic approach to agricultural innovation is
underappreciated and underutilised (Ruttan, 2005; Schut, 2014) and the notion of multi-actor
engagement is still in its infancy. To the best of my knowledge, this study marks the first
empirical attempt to apply a systemic lens to AE by investigating its role within AIS. In
particular, it responds to recent calls by Storbacka et al. (2016) to investigate how
dispositional characteristics (the type of engagement, motives, valence, and the level of
engagement expected) relate to actor disposition and the relational and temporal properties of
engagement. With studies on the dynamics of AE rapidly emerging (e.g. Li, Juric, & Brodie,
2018), this research helps to lay the conceptual foundations necessary for further study.

1.6 A roadmap to this thesis
The remainder of this thesis is organised into five additional chapters. Chapter 2 focuses on
the theoretical background of this research, presenting a review of the existing literature on
AIS and AE. Following this, Chapter 3 provides details of and justification for the research
design and execution strategy. Chapter 4 presents the findings of the research, which are
discussed in the context of the extant literature in Chapter 5. Chapter 6 concludes the thesis
by providing a summary of the findings in relation to the research questions, presenting an
overview of the theoretical and practical implications, addressing the limitations encountered
throughout the study, and suggesting areas for future research.
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2.0 Literature Review
This chapter focuses on a contemporary view of innovation in agriculture: the agricultural
innovation systems (AIS) approach. It begins by explaining how agricultural innovation
theory has evolved over time from a linear model to the AIS perspective. This is followed by
an overview of the different levels of AIS (macro, meso, and micro), including their
components and relationships. The overview will provide context to the focus of this
literature review, the micro-level, as a system cannot be understood without appreciating its
constituent parts and their interactions. The last section explores the relevance of actor
engagement (AE) theory in explaining innovation at the micro-level of AIS, in particular how
actor disposition and the properties of engagement are influenced by internal motives, type of
engagement, the level of engagement expected, and valence. This chapter concludes by
highlighting major gaps in the current literature to provide a basis for further in-depth
investigation.

2.1 The evolution of agricultural innovation theory
Over the last 70 years, agricultural innovation theory has gradually evolved from a linear,
technology-based approach to a more networked and systemic view. Four theoretical
approaches to agricultural innovation were identified in a meta-review by Klerkx, van
Mierlo, and Leeuwis (2012), which include the linear approach, farming systems (FS),
agricultural knowledge and innovation systems (AKIS), and AIS. Because these theories
have emerged from one another over time, the elements of each are not mutually exclusive.
Therefore, despite calls for a systemic lens of agricultural innovation (e.g. Lewis, van
Lenteren, Phatak, & Tumlinson, 1997), there is need to look at how agricultural innovation
theory has evolved over time in order to fully understand the foundations of the AIS
approach. The following sub-sections explore published works on each theory, with a
focused placed on key objectives, core elements, depicted roles of actors, and strengths and
weaknesses.
2.1.1 Linear approach
Traditionally, agricultural innovation literature has adopted a linear (or transfer of
technology) approach, underpinned by the idea that innovation is technology-centric and
occurs in a linear and dyadic fashion:
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Figure 4 Linear approach to agricultural innovation

As seen in Figure 4, the linear model assumes that value is generated by innovation-creating
firms (e.g. researchers) and is diffused to end-users (e.g. farmers) with the help of extension
groups who provide advice and training (Akaka, Vargo, & Wieland, 2017; Rogers, 1983;
Vargo & Lusch, 2011). Therefore, the linear approach focuses on research and development
activities with the aim of increasing the transfer, diffusion, and adoption of technologies
(Rogers, 1983; Schut, 2014). Traditional literature often uses the terms “technologies” and
“innovations” interchangeably, highlighting the focus placed on technology production.
However, the definition of technology was extended by Schut (2014) to embrace forms of
knowledge such as techniques and practices: reflecting servitisation of agricultural innovation
theory to focus on the production of both tangible and intangible value. In general, more
recent publications tend to appreciate the non-technological aspects of innovation such as the
environmental, social and economic pillars of sustainability (e.g. Boizard et al., 2012;
Chauhan, Mahajan, Sardana, Timsina, & Jat, 2012; Selvaraju, 2011), and the influence of
institutional and political factors on the adoption of technologies by farmers (e.g. Affholder et
al., 2010; Huttner, Miller, & Lemaux, 1995). However, even in this broader context, the
linear approach has many weaknesses.
In some cases, the linear approach has successfully helped to increase the adoption of crop
protection technologies. For example, linear technology transfer initiatives were fundamental
in driving the rapid uptake of agricultural technologies (e.g. agrochemicals) during the Green
Revolution (Evenson, 2003). However, three arguments are made against the appropriateness
of using a linear approach to study real-world agricultural innovation. Firstly, it applies a
simplistic view to a complex process (i.e. innovation) and largely ignores the contextual,
dynamic, and multi-actor elements of innovation (Godin, 2006). Secondly, farmers are
portrayed as a passive source of demand for products (Hauser, Tellis, & Griffin, 2006;
Howells, 1997), with little or no attention paid to their role in the creation of value or to their
motives, feelings and expectations (Oudshoorn & Pinch, 2003). Lastly, practical attempts to
use the linear approach have done little to enhance the capacity of key stakeholders to
innovate (Rajalahti, Woelcke, & Pehu, 2005). Despite widespread awareness of these
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weaknesses, the linear approach still dominates agricultural innovation literature (Ruttan,
2005; Schut, 2014). This is likely because a linear view is simple, logical, and structured
while a systems perspective is complex and requires subjective judgement and creative
thought. In addition, it is easy to measure the impact of linear processes statistically, while
there are no objective measures to demonstrate the value of systems-based approaches.
Consequently, there have been calls for empirical evidence of the value and impact of
alternative approaches to agricultural innovation to encourage a shift away from the linearview (Triomphe & Rajalahti, 2013).
2.1.2 Farming systems (FS)
Shortcomings of the linear approach led researchers to reconceptualise agricultural
innovation in the 1980s-90s. The FS model made three major contributions to theory. Firstly,
it applied systems thinking (e.g. Chambers & Jiggins, 1987) by recognising that farms consist
of complex interactions between tangible (e.g. technology, plants and buildings) and
intangible (e.g. agency, values, perceptions and preferences) parts (Darnhofer, Gibbon, &
Dedieu, 2012). Secondly, the approach extends the role of farmers as end-users of technology
to also being a valuable source of knowledge (Darnhofer et al., 2012). Lastly, it emphasises
the importance of social, economic, and environmental context in agricultural innovation
processes (Collinson, 2000; Giller, 2013). Consequently, the FS approach appreciates the
diversity of farms: highlighting the influence of lifestyle factors, territory, and social
networks on the perception of value and technology adoption (Darnhofer et al., 2012).
While the FS approach was instrumental in advancing agricultural innovation research
towards a systems perspective, it is not without limitations. Firstly, the FS approach emerged
through studies of resource-poor farmers in rural communities (e.g. Blazy et al., 2009; Blazy
et al., 2010; Chauhan et al., 2012; Franke et al., 2003). Therefore, the majority of empirical
evidence for FS emanates from developing nations. It has seldom been applied to premium
export crop industries in developed countries, which operate in a significantly different
context. Secondly, while FS literature discusses the crucial role of farmers as knowledgecreators, it neglects their contribution to setting the research direction. Lastly, with a
dominant focus on farms, the FS approach gives little attention to complex, multi-level
interactions. Together, the weaknesses of FS theory sparked calls for a networked-based
approach that appreciates the collaborative nature of agricultural innovation.
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2.1.3 Agricultural knowledge and information systems (AKIS)
Commercialisation and adoption of agricultural technology remained slow throughout the
1990s, attributed to poor communication between scientists, farmers, and experts (Bunting,
1986; Röling, 1990). The network-based AKIS approach stemmed from a recognition that
innovation is an interactive process, involving a range of individuals and organisations in the
dissemination of knowledge and the development of technology (Kaine, Doyle, Reeve, &
Lees, 1999; Röling, 1988). The AKIS approach is illustrated using the research, extension,
and education triangular model:
Figure 5 AKIS triangular model [Source: (World Bank, 2006)]

The AKIS approach extends FS theory by integrating the contribution of farmers, agricultural
educators, extension specialists, and researchers. Therefore, it shows how knowledge is
harnessed from various sources to enable joint learning (Pretty, 1995). In an FS view, the
linkages between actors are seen as crucial for effective technology transfer (Röling, 1988),
including the exchange of knowledge (scientific, farmer and expert), skills, and experiences
(Klerkx et al., 2012). Furthermore, this exchange system is supposedly shaped by the social,
political, economic, and institutional context in which it is embedded (World Bank, 2006).
While the AKIS approach acknowledges multi-actor dynamics and the systemic nature of
technology transfer, it is criticised as ignoring power inequalities between actors.
Additionally, it lacks focus on multi-level interactions between networks of individuals and
the structures and context in which they are embedded (Klerkx et al., 2012).
2.1.4 Agricultural innovation systems (AIS)
The linear, FS, and AKIS approaches collectively laid the groundwork for AIS theory. AIS
theory applies a dynamic and holistic view to agricultural innovation (Rajalahti et al., 2005).
21

It is differentiated from previous models by three features (Hall, Sulaiman, Clark, &
Yoganand, 2003; World Bank, 2012): 1) it appreciates the activities carried out by networks
of actors rather than focusing on the supply (technology push) or demand (technology pull)
side of innovation; 2) it gives emphasis to the knowledge, attitudes, skills, and agency of
actors as well as their multi-actor interactions; and 3) it focuses on the crucial role of context
in shaping interactions between actors. Against this background, AIS are defined in this
thesis as:
Networks of actors involved in the development of products, processes, and forms of
organisation, as well as the institutions and policies that shape the way they interact and
use knowledge (World Bank, 2006).
This definition of AIS highlights the key role of actors in creating, mobilising, and
exchanging resources as well as in eliciting innovative changes in system structures and
processes; all of which is embedded within a social and political context.
Accordingly, service-dominant (S-D) logic offers a suitable conceptual foundation for
understanding AIS and the vital role of actors (Edvardson, Tronvoll, & Gruber, 2011; Vargo
& Lusch, 2008b, 2011). S-D logic is based on four underlying principles, described by Vargo
and Lusch (2008b), which provide an understanding of the underlying concepts of AIS.
Firstly, it argues that value is always co-created through the integration, exchange, and
utilisation of resources by a variety of actors (Vargo & Lusch, 2004, 2006). Therefore, no
single actor has the power or resources to achieve innovation goals alone; they rely on
collaboration with others (Ekboir, 2003). The second principle contends that all social and
economic actors are resource integrators. As previously described, the traditional approach to
agricultural innovation focuses on the dyadic interactions between farmers, researchers, and
extensionists. S-D logic challenges this by blurring the line between firm and customer,
whereby all actors have an equivalent role in the integration of resources (Vargo & Lusch,
2008a). The third principle explains that value co-creation occurs as actors continuously
engage in service-for-service exchange and apply resources for the benefit of others (Vargo
& Lusch, 2004, 2006). Value-in-exchange activities within AIS include the co-design, codevelopment, co-production, and co-promotion of agricultural technologies (Frow, Nenonen,
Payne, & Storbacka, 2015). However, value can also be generated in the absence of some
actors through value-in-use activities, for example, if a farmer uses technology in ways that
were not intended by design (Orlikowski, 1992, 2000). The contribution of farmers to value
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co-creation reiterates their crucial role as sources of knowledge. The final principle of S-D
logic states that because innovation systems are social structures, value is always contextually
and phenomenologically derived. This implies that the decision of an actor to adopt
agricultural technology is influenced both by their internal agency and by the external social
norms, rules, and regulations present in an innovation system. Together, the four principles of
S-D logic provide a useful theoretical lens for AIS, explaining the dynamic activities of
actors in value co-creation within an innovation system.
The foregoing sections provided a comprehensive review of the literature on four theories of
agricultural innovation: the linear approach, FS, AKIS, and AIS. Key learnings from each
approach are summarised in the table below.
Table 4 Overview of four approaches to agricultural innovation [Adapted from: (Schut, 2014)]

Approach

Linear

Type

Technology-oriented

Era

1950s – 1980s

1980s – 1990s

1990s – 2000s

2000s – onwards

Key
objectives

Transfer, diffusion and
adoption of technology

Contextualise
agricultural research
and technology

Build local capacities
and empower farmers

Enhance a system’s
capacity to generate and
respond to change

Practical
Scope

Increase global
agricultural productivity

Create solutions for
problems on farms

Collaborate and
integrate different
types of knowledge

Generate institutional
change

Core
elements

Technology and
research transfer

Locally adapted
knowledge and
technology

Joint knowledge
production and
learning

Institutional and
stakeholder analysis;
value co-creation

Role of
farmers

Adopters of technology

Adopters of knowledge
and technologies, and
sources of information

Experimenters and
experts

Partners, entrepreneurs,
and part of innovation
network

Role of
researchers

Developers of
knowledge and
technologies

Experts

Capacity builders and
facilitators of learning

Enhance innovation
capacity in the system

Enables rapid
technological progress;
enhances agricultural
productivity; easy to
gain empirical evidence
of practical value

Technologies are
developed in the
specific context at the
farm-level

Integrates different
types of knowledge,
skills and experiences;
contextualises the
approach

Multi-level focus;
considers institutional
and political dimensions
of change; enhances
resilience of the
agricultural system

Focus on farm-level
with limited attention to
multi-level interactions

Limited attention to
multi-level interactions;
ignores power
inequalities; high
costs; challenges in
scaling up and scaling
out

Complicates delineation
of system; lacks
empirical evidence of
practical value; have to
choose depth or breadth
in analysis

Strengths

Weaknesses

Disregards role of
farmers in technology
development

FS

AKIS

AIS

Systems-oriented
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To further summarise, traditional agricultural innovation literature was based on the idea that
researchers develop technologies and knowledge, which is linearly transferred to farmers
through extension services (Rogers, 1983). However, this approach has been widely criticised
as an oversimplification of a complex process and as ignoring the contextual, dynamic, and
multi-actor elements of innovation (Godin, 2006). The FS approach marked the first attempt
by researchers to apply a systemic lens to agricultural innovation, giving focus to the
contextual environment in which innovation takes place. A shift from dyadic to networked
thinking was then achieved by the AKIS approach, which recognised that innovation involves
joint learning and the collaborative creation of technology (Kaine et al., 1999; Röling, 1988).
Adopting concepts from each of these theories, the AIS approach emerged to provide a
dynamic and holistic view of innovation (Rajalahti et al., 2005). It gives attention to the
activities of all actors and their multi-actor interactions, as well as the contextual environment
which shapes these interactions (Hall et al., 2003; World Bank, 2006). Because the elements
of each approach are not mutually exclusive, this review of agricultural innovation theory
provides a useful foundation to enable the further exploration and application of the AIS
approach. Next, this chapter delves deeper into the AIS theory and investigates the role of AE
theory in understanding innovation systems at the micro-level.

2.2 Actor engagement as a microfoundation for agricultural innovation systems
AIS are an analytical construct and are embedded in abstract ideas such as value co-creation
(Triomphe & Rajalahti, 2013) and behavioural attribution (Malle, 2004). Therefore, they can
be extremely difficult to investigate empirically, and research often lacks strategic and
organisational relevance (Storbacka et al., 2016). To validate AIS theory in a real-world
setting, it is necessary to study a system’s constituent parts at a lower analytical level,
sometimes referred to as microfoundations (Felin, Foss, & Ployhart, 2015). According to
Felin et al. (2015), the microfoundation movement helps to provide deeper theoretical
explanations. Therefore, AE theory could provide a rich understanding of how actors create,
mobilise, and exchange resources at the micro-level of AIS. Furthermore, microfoundations
make complex phenomena more relevant to managers by deconstructing the phenomena to a
more observable level (Felin et al., 2015). This means that use of AE is likely to yield useful
practical recommendations for improving the functioning of an agricultural innovation
system. Thus, AE offers a valuable microfoundation by aligning theory with practice and
allowing the empirical investigation of AIS.
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Drawing on the work of Storbacka et al. (2016), AE and the various levels of AIS can be
visualised using the Coleman (1990) ‘bathtub’ or ‘boat’ model:
Figure 6 Actor engagement as a microfoundation for agricultural innovation systems [adapted from: (Storbacka et al.,
2016)]

The model above shows that AIS are comprised of a macro (context and value co-creation), a
meso (networks of actors, resources, and innovation system functions), and a micro-level
(actor engagement). Interdependence within and between these levels (illustrated in Figure 6
as arrows) plays a central role in facilitating the dynamics of an innovation system. For
example, AE is guided by the context in which interactions take place, while innovation
structures provide the necessary resources for engagement to occur. Within the micro-level,
AE is the outcome of actor disposition and the connections between actors as they engage in
resource integration activities. As actors repetitively engage in activities, they adopt certain
social roles, seen as innovation system functions. Together, the components of AIS interact to
enable the co-creation of value and functioning of an innovation system. For the purpose of
this thesis, AE within AIS is therefore defined as:
The alignment of the dispositions and connections of actors, which leads to actors
engaging in resource integration activities within the institutional and environmental
context provided by the system.
This definition highlights the interconnectedness of the components and levels of an
innovation system, whereby AE is a micro-level process which is mutually shaped by the
meso- and micro-level components of an innovation system.
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As AE is always embedded in a larger system, the following sections consult the AIS and AE
literature to understand the degree to which engagement is enabled or disenabled by
innovation system structures (e.g. actors and engagement platforms), context (e.g.
institutional arrangements), and innovation system functions (e.g. entrepreneurial activities
and knowledge creation).
2.2.1 System structures
Innovation structures provide the fundamental resources for AE to take place within AIS
(Edvardson et al., 2011; Patricio, Fisk, e Cunha, & Constantine, 2011). Importantly, the AIS
literature recognises two crucial structures that are continually integrated to enable
engagement: networks of actors and engagement platforms. The following section provides a
brief illustration of how networks of actors and the platforms in which they engage have been
described in AIS and engagement literature.
Networks of actors
Systems thinking implies that all actors play a role in resource integration (Vargo & Lusch,
2008b). However, in the same way in which the early agricultural innovation literature is
centred on the relationship between researchers and farmers, engagement theory
predominantly focuses on dyadic firm-customer relationships. Therefore, it ignores the
existence of non-market actors and their multi-actor interactions. As such, Lusch and Vargo
(2014) extend the definition of actors to encompass a range of individuals and collections of
individuals, such as groups and organisations. Common actors within AIS studies include
researchers, extension groups, policymakers, farmers and growers, agri-business, consumers,
consultants, non-government organisations, and entrepreneurs (Klerkx, Aarts, & Leeuwis,
2010). Interestingly, these actors are defined by the role they play in the economy (e.g.
government and farmer) rather than the activities they carry out in innovation processes. It is
difficult to define actors because any given actor may simultaneously hold multiple roles in
the system. Additionally, innovation activities are the product of multiple exchanges as
opposed to the solitary actions of actors (Turner, Klerkx, Rijswijk, Williams, & Barnard,
2016). As well as humans, Storbacka et al. (2016) argue that technologies are also capable of
participating in AE. These authors do not view technologies as external forces, nor do they
see them as an output of innovation systems. Rather, they propose the idea that technologies
emerge from complex social situations, and are therefore capable of shaping social

26

interactions. Given the diversity of actors involved in engagement within AIS, there are
strong calls to appreciate the activities of all types of actors and their networks (Jaakkola &
Alexander, 2014a).
Engagement platforms
Infrastructure also plays a key role in providing the necessary resources for AE and value cocreation to occur. Turner et al. (2016) define three types of infrastructure within AIS:
1) Physical infrastructure (e.g. technology and buildings);
2) Financial infrastructure (e.g. grants and subsidies); and
3) Knowledge infrastructure (e.g. training services and research).
Thus, infrastructure not only facilitates the interactions and relationships between actors but it
also ensures actors are skilled and technically competent to support the completion of
projects.
An additional type of infrastructure that is crucial for AE is the platforms on which actors
engage (Frow et al., 2015). Engagement platforms are described as intermediaries or
connections between actors. Therefore, rather than participating in engagement activities
themselves, platforms facilitate the exchange of resources and enable value co-creation to
occur (Breidbach, Brodie, & Hollebeek, 2014; Ramaswamy & Gouillart, 2010). Engagement
platforms exist in several modalities, which allow both physical and non-physical
interactions. These include digital platforms (e.g. websites that enhance the reach and speed
of interactions between actors); physical resources (i.e. locations where actors come together
to share and integrate knowledge); tools or processes; and dedicated personnel (e.g. call
centre teams) (Breidbach et al., 2014; Frow et al., 2015). Overall, various kinds of
engagement platforms play a crucial role in facilitating resource integration activities, and
thereby offer several benefits to facilitate the engagement of various actors.
2.2.2 System context
According to Giddens’ (1984) structuration theory, networks of actors and the environment in
which they are embedded have a dual relationship: not only is AE (at the micro-level)
influenced by the context in which it takes place (at the macro-level), but each exchange will
either actively or passively shape the context for subsequent interactions (Edvardson et al.,
2011). This dynamic relationship is called mutual embeddedness within the innovation
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systems literature (Makard & Truffer, 2008). The context of an innovation system is made up
of various arrangements including those that are political (e.g. government policies), physical
(e.g. geographical region and resource acquisition), socio-cultural (e.g. the role of actors,
family dynamics, social relationships, and organisational culture), and market-related (e.g.
consumer demand and competitor behaviour) (Coraso, Cantu, & Tunisini, 2012). Of
particular importance to AE is the institutional logic, which encompasses the rules, culture,
values, norms, and beliefs present in social structures (Scott, 2001). Institutions are often
described as “social technologies” (e.g. Nelson & Nelson, 2002) because they shape the
interactions between actors and determine the perception of what is valuable and what is not.
Institutions are far too frequently overlooked in innovation literature because they are
strongly embedded in society, however, the alignment of institutions is vital for enabling AE
to occur (Chandler & Lusch, 2015).
Institutional alignment between technologies and other actors is not an automatic process,
and sometimes there are conflicting views on what is valuable. For that reason,
institutionalisation (the process of maintaining or disrupting institutions) is crucial for
facilitating change in innovation systems (Lawrence, Suddaby, & Leca, 2009).
Institutionalisation is particularly relevant when looking at radical or disruptive technologies
because 1) they are drastically different from existing products; 2) they challenge the status
quo and therefore require new forms of behaviour, capabilities, and connections between
actors (Hoyer, MacInnis, & Pieters, 2009; Reid & De Brentani, 2004); and 3) they open new
markets and potential applications (Carayannis, Gonzalez, & Wetter, 2003; Pham-Gia, 2011;
Stoneman, 1998). As such, institutional alignment with radical and disruptive technologies is
essential if they are to become mainstream and eventually displace existing markets
(Christensen, 1997; Freeman & Louçã, 2001).
2.2.3 System functions
Through various combinations of actors, their connections, engagement platforms, and
context, observable engagement activities take place within AIS. Over time, certain patterns
of engagement activities emerge. These processes are defined in the AIS literature as
innovation system functions (Bergek et al., 2008; Turner et al., 2016). While singular
engagement activities can only be carried out by actors and are therefore observed at the
micro-level, system functions exist at the meso-level because they are executed by actors,
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institutions, and networks (Makard & Truffer, 2008). The AIS literature identifies seven key
functions that are highly important for a well-performing system:
1) Entrepreneurial activities transform potential knowledge, networks, and markets
into concrete actions in order to generate value (Hekkert & Negro, 2009). Innovation systems
are exposed to multiple uncertainties in terms of technologies, applications, and markets.
Therefore, entrepreneurs are motivated to take risks and experiment in a social learning
process (Kemp, Schot, & Hoogma, 1998).
2) Knowledge development encompasses both the depth and breadth of all knowledge
within an innovation system (Bergek et al., 2008). While the AIS literature primarily refers to
the production of formal knowledge by research institutes (e.g. Hekkert & Negro, 2009;
Turner et al., 2016), as previously discussed, knowledge can originate from scientists,
farmers, experts, and a range of other actors. Furthermore, knowledge also encompasses
skills and experiences (Klerkx et al., 2012) and can extend beyond formal research to include
awareness of a technologies existence and an understanding of how and why technology
works (Bergek et al., 2008; Rogers, 1983).
3) Knowledge diffusion is particularly important when developing and adapting
knowledge and technologies. Knowledge is communicated by actors through networks and
platforms and is fed back into the system through extension, thereby allowing joint learning
(Pretty, 1995).
4) Resource mobilisation involves the exchange of financial and human capital
necessary for engagement activities to take place in an innovation system: for example, the
mobilisation of funding for scientific research.
5) Guidance of the search refers to the strength of incentives for engagement as well as
mechanisms that influence the direction of a system. Bergek et al. (2008) identify seven
factors that contribute to a system’s direction: 1) actors’ visions and expectations; 2) actors’
perceptions of the importance of different types and sources of knowledge; 3) actors’
assessments of opportunities (Breschi, Malerba, & Orsenigo, 2000); 4) policy and regulatory
pressures (Lundvall, 1992); 5) the articulation of demand by leading customers (Dosi, Pavitt,
& Soete, 1990); 6) technical bottlenecks (Lundvall, 1992; Rosenberg, 1976); and 7) problems
with current business. Together, these factors play a crucial role in driving change within
AIS.
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6) Market formation involves the creation of new markets or novel ways of using
existing products (Hekkert & Negro, 2009; Turner et al., 2016). Markets are dynamic and
continually shaped through the active participation of actors (Vargo, Wieland, & Akaka,
2015). While it is easy to analyse the timing, size, and type of markets, scholars struggle to
measure the drivers of market formation (Bergek et al., 2008).
7) Creation of legitimacy is essential to overcome resistance to change in AIS, which is
particularly important in the case of radical and disruptive technologies. Legitimacy must be
created through the actions of multiple actors to overcome resistance and unfamiliarity
towards new technologies.
Execution of these seven innovation functions enables an AIS to operate; therefore, the
absence of any one of them may lead to systemic problems. When studying AIS it is
important to evaluate the ability of the system to carry out key innovation functions so that
necessary interventions can be identified to improve the functioning of the system.
With an understanding of the interplay between AE and the structures, context, and functions
of AIS, the following section zooms in on the micro-level. This includes a review of the
literature on the dynamics of engagement and the crucial role of actor disposition in guiding
engagement behaviour.

2.3 From customer to actor engagement
The term “engagement” is used extensively in the sociology, marketing, policy, and
psychology literature. However, the definition of engagement remains ambiguous, and it is
unclear how it differs from similar concepts such as involvement and participation (Brodie,
Hollebeek, Juric, & Ilic, 2011). The challenge of defining engagement is that it is primarily
used in the marketing literature to describe customer engagement (CE). CE is a
multidimensional concept concerning a behavioural, emotional, or cognitive state that
emerges through interactive experiences between firms and customers (Chandler & Lusch,
2015). Thus, CE extends the relationship of firms and customers beyond purchase
transactions to include customer loyalty, empowerment, and trust towards brands (Brodie,
Roderick, Ana, Juric, & Hollebeek, 2013). Therefore, the decision of a customer to engage
with a firm is driven by their attitudes and goals, as well as the form, scope, and impact of
engagement.
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Growing awareness of the importance of other actors in innovation systems (e.g. suppliers,
manufacturers, and retailers) is leading to an understanding that engagement occurs within
larger sets of networks (Chandler & Lusch, 2015; Jaakkola & Alexander, 2014a). Therefore,
authors have recently been exploring the notion of AE, defined by Storbacka et al. (2016, p.
3009) as:
“Both the actor’s disposition to engage, and the activity of engaging in an interactive
process of resource integration within a service ecosystem.”
AE provides a contemporary theoretical construct to understand the multi-actor interactions
that take place within networks, which subsequently enable or hinder the functioning of the
wider innovation system.
CE is seen as a subset of AE (Brodie, Fehrer, Jaakkola, Hollebeek, & Conduit, 2016).
Therefore, insights into the CE literature are important for understanding the dynamics of AE
and for creating conceptual foundations. The following section consults the extant literature
to outline briefly the two fundamental components of AE: external connections and internal
actor disposition. As AE theory is somewhat new and yet to be empirically explored within
AIS, this section focuses on the gaps in the literature, in particular, how actor disposition and
the temporal and relational properties of engagement are influenced by internal motives, type
of engagement, the level of engagement expected, and valence of actors.
2.3.1 Connections and dispositions
According to Lundvall (1988), the starting point of any innovation system is a set of actors
and their connections. The importance of connections resides in the fact they provide an
environment for actors to sense, respond, and draw upon in the exchange of resources
(Anderson, Hakansson, & Johanson, 1994). Connections are classified as being relational (i.e.
occurring in relational space) or temporal (i.e. taking place over time) (Anderson et al.,
1994). Relational properties of engagement refer to the present-day connections between
actors and the social and institutional roles and practices that lead to their interaction
(Chandler & Lusch, 2015). Relational connections between actors may be physical (e.g.
occurring face-to-face) or abstract (e.g. value propositions). Practical measures for the
relational properties of engagement in AIS include the degree of interaction or collaboration,
the density of interactions, the centrality of actors, and involvement of actors in carrying out
key innovation system functions. However, these measures give little attention to the nature
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of the interactions and how this impacts engagement behaviour, therefore creating room for
further exploration. While relational connections occur in the present-day, they are based on
an actors’ appraisal of past engagement experiences (Chandler & Lusch, 2015). Therefore,
the outcomes of an interaction will guide those in the future. These two ideas highlight the
temporal properties of engagement. Ultimately, the relational and temporal connections
between actors provide a fundamental point of exchange for initiating and driving AE within
AIS. However, the relational and temporal properties of AE remain largely unexplored in the
context of multi-actor engagement. This gap in knowledge has led to research calls for a
better understanding of how engagement evolves and spreads among many actors in an
engagement network (Brodie et al., 2011; Chandler & Lusch, 2015; Storbacka et al., 2016).
In addition to connections, the internal disposition of actors is central to engagement. The
adjacent term to disposition in sociology and structuration theory is “agency,” defined as the
capacity of actors to appropriate, reproduce or innovate upon connections with regards to
their motives, interests, expectations, and commitments (Emirbayer & Goodwin, 1994).
However, because of the temporal nature of engagement, dispositions in the CE literature are
defined as being past, present or future:
Table 5 Types of actor disposition

Type of disposition
Past

Definition
Willingness of actors to engage based on the evaluation, memory, or valence towards past
interactions (Johar, Maheswaran, & Peracchio, 2006)

Present

Based around meaning-making, where actors continually refocus and align their past and
future disposition to make sense for current connections (Emirbayer & Mische, 1998).
Therefore, present disposition is defined as an actor’s appropriation, renovation, or innovation
of connections in the current time and place (Chandler & Lusch, 2015)

Future

The capacity of actors to create connections which contribute towards a future that is desired
(Brodie et al., 2011)

Combining these three definitions, actor disposition in this thesis refers to:
The capacity of actors to appropriate, reproduce or innovate upon connections in the
current time and place, with regards to their motives, interests, expectations and
commitments, as well as past experiences and expectations towards a particular future.
Supporting this definition, Storbacka et al. (2016) claim that AE is agency-driven, meaning
engagement is shaped by the disposition of actors. Furthermore, these authors suggest that
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disposition and the relational and temporal properties of engagement are impacted by the
motives and valence of actors as well as the type of engagement and level of engagement
expected (referred to hereafter as “dispositional characteristics”). A better understanding of
how actor disposition and the relational and temporal properties of engagement relate to these
characteristics was identified as a major research need by Storbacka et al. (2016), thereby
creating the focus of this research.
The remainder of this section considers what is already known in service research about the
influence of dispositional characteristics on engagement. To date, these characteristics have
primarily been explored in the context of CE in online brand communities (e.g. Juric, Smith,
& Wilks, 2016). Therefore, there is a major need to conceptualise the dispositional
characteristics in terms of multi-actor engagement.
2.3.2 Dispositional characteristics
As previously mentioned, extant CE research posits that engagement is a multidimensional
phenomenon comprising behavioural, emotional, and cognitive components (Brodie et al.,
2011). However, while many authors mention these three types of engagement (e.g. Chandler
& Lusch, 2015; Frow et al., 2015; Storbacka et al., 2016), there has been little attempt to
define them. A recent study by Heinonen (2017) describes the three types of engagement in
terms of CE behaviour. Firstly, behavioural engagement comprises the involvement of actors
in different activities and processes. Therefore, it is more visible, concrete, and externallyoriented compared to the other types of engagement. Secondly, emotional engagement is
based on an actor’s mental processes and their feelings towards engagement, making this
type more covert. Lastly, cognitive engagement involves an actor’s idiosyncratic reasoning
and sense-making around interactions with others. Rather than relating to current engagement
activities per se, cognitive engagement emerges from an actor’s appraisals of previous
engagement experiences. While Heinonen (2017) provides some empirical evidence for
behavioural, emotional, and cognitive engagement, there is much room to explore their
relation to actor disposition and to the relational and temporal properties of engagement.
According to CE and AE theory, the type of engagement is closely linked with an actors
valence, defined as the positive and negative expressions towards engagement (Brodie et al.,
2011). For instance, an actor may show positive valence towards another actor (i.e. emotional
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engagement) because they appreciate the outcomes of past interactions (i.e. cognitive
engagement). In turn, this may strengthen the actor’s disposition to integrate resources with
the other actor (i.e. behavioural engagement). Thus, valence is not a connotation of the actual
engagement behaviour, rather it encompasses an actor’s subjective interpretation of whether
engagement is positive or negative (Van Doorn et al., 2010). While the above example
illustrates a case of positive valence, CE literature largely neglects the influence of negative
valence on actor disposition and engagement (Brodie et al., 2011). In addition, there is more
to be explored on the complexity of positive and negative engagement outcomes (Hollebeek
& Chen, 2014; Juric et al., 2016; Van Doorn et al., 2010).
The CE literature argues that the alignment of motives is fundamental for stimulating
engagement. The goals of actors are embodied by various visions, which are communicated
throughout networks and have a role in guiding, convincing, and binding connections
(Berkhout, 2006). In contrast, lack of overlapping motives may weaken the disposition to
engage, therefore hindering engagement (Li, Juric, & Brodie, 2017). An in-depth study of the
motives for engagement in technology co-creation activities (Frow et al., 2015) identified
nine key motives for CE. These include the desire to access resources, enhance customer
experience, create customer commitment, enable self-service, create more competitive
offerings, decrease costs, quicken time to market, emerge strategy, and build brand
awareness. While these motives are useful for understanding what factors drive actors to
participate in innovation activities, they primarily focus on the firm-customer relationship
and supply-based activities (e.g. the co-conception of ideas, and the co-production and copromotion of technologies). Therefore, this study aims to investigate the role of motives in
driving multi-actor engagement in various innovation activities.
The level of engagement expected refers to the desire of actors to be involved in particular
engagement activities and innovation functions, ranging from non-engaged through to highly
engaged (Patterson, Yu, & de Ruyter, 2006). For example, actors may wish to go about their
daily business with little interactions with others, to participate in the innovation of new
technologies or knowledge, or to play a role in guiding the direction of an innovation system
(Storbacka et al., 2016). The level of engagement may vary over time in terms of the
duration, regularity, and frequency of interactions (Storbacka et al., 2016). Therefore,
understanding the expected level of engagement may help to determine whether actors are
trying to influence change, or are open to being influenced, within an innovation system
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(Storbacka et al., 2016). These insights could help to identify opportunities for practitioners
to strengthen or weaken engagement, thereby allowing the improvement of a system’s
functioning.
From this background, it is clear that the dispositional characteristics of engagement play a
crucial role in guiding CE. However, there is an obvious lack of knowledge on how these
ideas translate to AE. This research aims to address this gap by investigating how
dispositional characteristics relate to actor disposition and the relational and temporal
properties of multi-actor engagement. By conceptualising the motives, valence, type of
engagement, and the level of engagement expected in engagement networks, this study
contributes to the foundations for future research.

2.4 Chapter Summary
Two streams of literature were reviewed in this chapter: agricultural innovation and
engagement. In particular, this chapter focused on AIS and AE which are both contemporary
theories in their respective stream of literature. These two theories were joined because AE is
thought to be a valuable microfoundation for AIS, aligning theory with practice and allowing
for empirical investigation (Storbacka et al., 2016). However, as both theories are in their
infancy, an in-depth analysis of the extant literature was carried out to identify major
knowledge gaps that need addressing.
The literature review began by critically analysing the four successive approaches to
agricultural innovation: linear, FS, AKIS, and AIS. The evolution of the literature on
agricultural innovation was consulted to identify the core elements of each theory, as well as
their key objectives, how they explain the roles of actors, and their strengths and weaknesses.
However, despite the clear advantages of adopting an AIS approach (Rajalahti et al., 2005),
the agricultural innovation literature is still dominated by a linear view (e.g. Lewis et al.,
1997). As such, there is an urgent need to take on a systemic lens and to give more attention
to the activities of all actors and their multi-level interactions, as well as the contextual
environment that shapes these interactions (Hall et al., 2003; World Bank, 2006).
Next, this chapter discussed the different components and levels of AIS in relation to AE.
These insights were crucial because systems cannot be fully understood without appreciating

35

the complexity and interrelatedness of their constituent parts. In particular, this section
provided an understanding of the degree to which engagement is enabled or disenabled by
structures (actors and engagement platforms), context (institutional arrangements), and
innovation system functions (entrepreneurial activities and knowledge creation and
diffusion). In doing so, a novel definition of AE within AIS was created, being: The
alignment of the dispositions and connections of actors, which leads to actors engaging in
resource integration activities within the institutional and environmental context provided by
the system.
The final section of this literature review explored the relevance of AE as a microfoundation
for AIS, including an overview of the two fundamental components of AE (connections and
actor disposition) and their temporal and relational properties. From this knowledge, I
conceptualised disposition in AE as: The capacity of actors to appropriate, reproduce, or
innovate upon connections in the current time and place, with regards to their motives,
interests, expectations and commitments, as well as past experiences and expectations
towards a particular future. However, because the literature on engagement to date has
primarily focused on CE, there is a clear gap in knowledge within the service literature on the
dynamics of engagement in multi-actor networks (Chandler & Lusch, 2015). In particular,
there are calls to further understand how actor disposition and the relational and temporal
properties of AE are influenced by internal motives, type of engagement, level of engagement
expected, and valence (Storbacka et al., 2016).
Responding to the limitations of the extant literature, the following chapter outlines the
research strategy and execution of a study that goes some way towards addressing these gaps.
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3.0 Research Strategy and Execution
The following chapter begins by discussing the rationale for this study’s research design, data
sources, and methods of data collection and analysis. It then presents an explanation of how
the study addressed the validity, reliability, and trustworthiness of data to overcome potential
limitations.

3.1 Research design
This study focuses on the engagement behaviour of actors within an agricultural innovation
system: a complex and context-specific phenomenon. Therefore, an intensive, single case
study design was selected (Gillham, 2000; Siggelkow, 2007). Case study design was suitable
to address the research questions because 1) it allows insights into the covert thoughts,
feelings and behaviours of actors (Yin, 2013); and 2) it addresses the ‘how’ and ‘why’
questions of complex problems (Woodside & Wilson, 2003; Yin, 2013). Furthermore, case
study research and network-based theories are complementary; requiring both structured
procedure and subjective judgement, preunderstanding and openness to new findings, and
logical rationale combined with creative thought (Gummesson, 2007). Consequently, the case
study research method provides an appropriate tool to build on the existing theory on the
dynamics of engagement in networks.
The empirical domain for this study was P&D

Figure 7 Regional focus for this study

control in the NZ kiwifruit industry. The
industry currently encompasses over 2,600 growers
and approximately 12,185 production hectares (New
Zealand Kiwifruit Growers Incorporated, 2018).
However, the regional focus of this study was the Bay
of Plenty region and Northland, which together make up
around 82.2% of the total production area (Zespri,
2017a). The kiwifruit industry offers an appropriate
context to understand the uptake of biopesticides
because 1) kiwifruit is NZ’s largest single
horticultural export crop (reaching NZ$1.8 billion in 2017) and is therefore of particular
importance to NZ (Statistics New Zealand, 2017); 2) the industry being largely-export based,
changing market access requirements and a global shift away from conventional pesticides
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are leaving the industry looking for alternative P&D control products and practices
(Chapman, 2016); and 3) to date, the uptake of biopesticides has been poor (O’Callaghan et
al., 2015). Furthermore, the existence of a discrete network of actors involved in the shift of
the kiwifruit industry towards biopesticide usage provides an interesting context to study the
properties of multi-actor engagement in a dynamic agricultural innovation system.
This case study was executed over a 7-month period using a two-stage sequential design.
First, a pre-understanding phase was carried out to 1) provide background knowledge on the
kiwifruit and biopesticide industries; 2) understand the practical research problem; 3) identify
interview participants; and 4) help form an interview schedule. The pre-understanding phase
involved the collection and analysis of secondary data from web pages, books, industry
journals, reports, and conference proceedings, supplemented by preliminary discussions with
industry experts and by observations at the Next Generation Biopesticide (NGB) conference
in NZ. Second, a primary data collection phase was conducted. Semi-structured interviews
were carried out with 15 key actors in the engagement network, accompanied by field notes
and photographs. Furthermore, throughout the duration of this research I was engaged in an
internship with a NZ research organisation. As they are tasked with supporting the
sustainable production of high-quality produce, this experience provided first-hand insights
into the kiwifruit and biopesticide industries.

3.2 Data sources
This study used both primary and secondary data sources to ensure a rich body of data was
collected. In the first phase of the research, secondary data were collected from books,
industry web pages, conference proceedings, and industry journals (e.g. the New Zealand
Kiwifruit Journal). This was primarily used to build background knowledge on the kiwifruit
and biopesticide industries and to inform the questions in the interview schedule. The first
phase of the research also involved the collection of primary data. In particular, I carried out
discussions with industry experts and gathered field notes from the NGB conference. This
data helped to understand the research problem and to identify key actors in the engagement
network that could form part of the participant group for interviews.
The second phase of the research involved the further collection of primary data. Sources of
primary data included semi-structured interviews, field notes and photographs taken of the
orchards or workplaces of participants, and observations obtained during the internship at the
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research organisation. The primary focus of the semi-structured interviews was to understand
the engagement behaviour of participants and other actors in the network. However, insights
into the wider kiwifruit and biopesticide industries were gained to appreciate the context in
which engagement takes place. According to Gillham (2000), contextual factors play an
important role in understanding people’s thoughts and feelings in qualitative research.
Purposive sampling was used to identify participants through industry networks and existing
contacts. In doing so, participants were selected based on their role in the innovation system
and therefore their capacity to contribute to the research questions. Purposive sampling was
supplemented with a snowballing approach to identify recommended individuals in the
kiwifruit and biopesticide industries (Bryman & Bell, 2015). Each participant was selected
based on their central role in the engagement network and therefore their capacity to
influence change in the innovation system. The participant group contained representatives
from 9 out of the 11 actors that were identified in the findings as being central in the
innovation network. While I was unable to interview people from a packhouse or a NZ
regulatory body due to time constraints, the participant group created a representative
perspective of the wider engagement network. A total of 15 individuals participated in the
study; their code names and roles in the engagement network are shown below for
referencing purposes:
Table 6 Interview participants from each network group

Network Group

Role in the Network

No.

Code Names

Research
organisation

Involved in research and development of biopesticides
products and other pest and disease control solutions for
the NZ kiwifruit industry

3

BDM
[Business Development
Manager]
Scientist 1 - 2

Agchem companies

Developers and marketers of biopesticides and other
agrochemicals

3

AgCo 1 – 4
[Agrochemical company]

Agchem supplier

Merchants for biopesticides and other agrochemicals. May
also provide technical advice to growers

1

Technical advisor

Marketing Body

Grower cooperative responsible for overseeing biosecurity,
crop protection, orchard productivity, market access and
food safety in the NZ kiwifruit industry

2

Marketer 1 - 2

Orchardists

Own or manage kiwifruit orchards, and integrate
biopesticides into pest management practices to control
pests and disease

6

Orchardist 1 - 6

Total

15
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Although this study appreciates that the roles of actors in an innovation system are manyfold
and dynamic, the general roles of interview participants were given to provide context and
preserve confidentiality. Orchardist participants were of particular interest to this study
because of the diversity of lifestyle factors, territory, and social networks that influence the
perception of value in the adoption of P&D control technologies (Darnhofer et al., 2012). The
following table provides further details of the orchardist participants including their code
name, role in the network, orchard size, type of kiwifruit grown, type and orchard, and
orchard location:
Table 7 Orchardist code names and background

Code Name

Role

Size of orchardSmall (<10 ha),
Medium (10-19 ha),
Large (20+ ha),

Orchardist 1

Orchard owner and
spray contractor

Large

Bay of Plenty

Green-fleshed +
some gold-fleshed

Conventional

Orchardist 2

Orchard owner

Small

Bay of Plenty

Gold-fleshed

Conventional

Orchardist 3

Orchard owner and
manager

Small

Northland

Gold-fleshed + some
green-fleshed

Conventional
and organic

Orchardist 4

Orchard owner

Medium

Bay of Plenty

Half/half green +
gold, with some new
cultivars

Organic

Orchardist 5

Orchard owner

Medium

Bay of Plenty

Half/half green + gold

Organic

Orchardist 6

Orchard manager

Medium

Bay of Plenty

Half/half green + gold

Organic

Location

Type of Kiwifruit

Type of
Orchard

Orchardist participants were located in both the Bay of Plenty and Northland, included both
conventional and organic orchardists, and grew different proportions of green- and goldfleshed kiwifruit. Some orchardists also held other industry roles. For example, Orchardist 3
manages other peoples’ orchards, as well as their own, and Orchardist 1 owns a spray
contracting business. It is also important to note that Orchardists 5 and 6 were interviewed
together; as Orchardist 6 manages the orchard owned by Orchardist 5. Overall, the diversity
of orchardist participants enabled a range of viewpoints on P&D control in the kiwifruit
industry and on the wider innovation system.
Interviews were supplemented with field notes and photographs that were taken of
participants’ orchards or workplaces. Additionally, observations were gained during the
internship with the research organisation. These occurred while carrying out tasks to do with
the commercialisation of biopesticides (e.g. market scoping), during informal conversations
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with industry experts, and throughout meetings. Being actively involved in fieldwork and
data collection allowed me to uncover certain elements of people’s experiences and
behaviour that were not immediately obvious or of which research participants were unaware.
Having direct contact with the people and phenomenon under investigation also provided a
personal appreciation of the social context which guides people’s engagement behaviour.
By using multiple data sources (secondary sources, interviews, and observations), this study
effectively used triangulation of methods to improve trustworthiness (Jick, 1979).
Additionally, triangulation was achieved within data by examining the case from multiple
viewpoints, which allowed a richer and more holistic understanding of the network of actors
and the context within which they engage (Yin, 2013). Together, both types of triangulation
allowed the researcher to capture in-depth descriptions and enabled clarity in the data.

3.3 Data collection
Data were collected over a total of seven months. Phase one of the study (secondary data
collection, preliminary discussions with experts, and attendance of the NGB conference) was
carried out between March and July 2017, while phase two (primary data collection) was
executed during September 2017. The two-stage design of the research not only allowed the
researcher to compile a comprehensive body of data, but it also ensured that the collection of
primary data was informed and rich in detail.
To spark interest towards participation in interviews, prospective participants were emailed a
Project Invitation to provide background to the research. Individuals were given the
opportunity to accept or decline the offer to participate. Those who were interested were sent
a Participant Information Sheet and Consent Form in accordance with the most recent
University of Auckland Ethics standards (The University of Auckland Research Office,
2017).
All interviews but one (conducted via Skype because of distance) were carried out face-toface to cultivate the richness of communication and build rapport (Gillham, 2000). Interviews
were semi-structured, allowing the researcher to gain deeper insights into the participants’
dispositional characteristics and to uncover themes that were unexpected by the researcher
(Bryman & Bell, 2015). Interviews were guided by a set of 8-10 open-ended questions (See
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Appendix 1 for an example guide), with probing questions used to provoke in-depth
explanation (Gillham, 2000). The initial question was used as an ice-breaker, asking
participants about how they became involved in the kiwifruit or biopesticide industry.
Subsequent questions were tailored to each participant to explore topics most relevant to
them; for example, interviews with orchardists were focused on their P&D control practices.
Overall, interview questions were aimed at understanding the role of each actor in the
engagement network, their motives for engagement, the types of interactions each actor has
and their valence towards them, and their vision for the future of P&D control in the kiwifruit
industry.
The interview schedule was pilot-tested to ensure a high standard of data collection, whereby
the researcher conducted two preliminary interviews with industry experts to ensure the
questions were properly understood and comprehended in the same way by multiple people.
The interview schedule was updated throughout the primary data collection process to
incorporate new ideas that were brought up in previous interviews. Interviews were
approximately one and a half hours each and were digitally recorded using an audio device.
Recordings were supplemented with field notes that included 1) memos about the body
language and tone of participants; 2) observations and photographs that were taken on the
participant’s orchard or workplace where the interview was conducted; and 3) diagrams that
were drawn by participants to explain complex processes. All observation notes and diagrams
were handwritten in a field notes diary and were electronically transcribed at a later date.
Following interviews, participants were provided with a copy of their transcribed interview
and any supplementary material so they could edit, add, or revoke any information, before
returning the material to the researcher.

3.4 Data analysis
Data were analysed using thematic coding as described by (Gibbs, 2007). Audio recordings
of interviews were transcribed using Microsoft Word®, employing intelligent verbatim.
Using an inductive, grounded theory methodology, the researcher conducted line-by-line
coding to develop descriptive codes. These codes were then organised into categories and
deeper analytic themes (Gibbs, 2007). This enabled the development of final themes, which
were used to create typologies of actors. Together, these captured key aspects of the data and
could contribute to addressing the research questions (Saldana, 2012). Data analysis was an
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iterative process and codes were updated as primary data were collected, with the end result
being a hierarchical coding framework (See Appendix 2 for coding framework). Coding was
carried out using QSR International’s NVivo research software.
To illustrate the engagement network, the researcher compiled all of the participants’
descriptions of the interactions between actors involved in the network. Actors (as nodes) and
their engagement activities (as connections) were mapped using the free online data
visualisation tool Kumu, which helps to organise complex information into interactive
relationship maps.

3.5 Validity, reliability and trustworthiness
The researcher employed several methods to enhance the validity, reliability, and
trustworthiness of data to overcome potential limitations of the research design:
Table 8 Tactics to enhance the validity, reliability, trustworthiness of data [Adapted from: (Yin, 2013)]

Tests

Case Study Tactic

Phase of
Research

External validity- whether a
study’s findings can be
generalised beyond the case
study

Findings were generalised to actor engagement and agricultural
innovation systems theory

Research design

Purposive sampling of participants ensured participants held an
expert and representative perspective of the innovation system

Research design

Triangulation between and within data

Data collection

Established a chain of evidence

Data collection

Member checked findings with participants and industry experts

Data analysis

Triangulation between and within data

Data collection

Member checked findings with participants and industry experts

Data analysis

Reflexivity by continually reflecting on the assumptions and
preconceptions held as a researcher

Data analysis

Ensured participants are aware of confidentiality by providing
ample participant information prior to interviews

Data collection

Built trust with participants by conducting interviews face-toface, using initial question as an ice-breaker, and upholding a
professional manner

Data collection

Member checked findings with participants and industry experts

Data analysis

Construct validity- use of
appropriate measures for the
concepts being studied
Interpretive validity- concerned
with the meaning associated
with a participant’s behaviour
and their perspectives
Reliability- minimised errors
and biases while ensuring the
data collection procedures
could be repeated with the
same results

Trustworthiness- accuracy of
the information provided by
participants
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As summarised in the table above, this research addressed three types of validity: external
validity, construct validity, and interpretive validity. External validity refers to the extent to
which a study’s findings can be generalised to different populations, times, or settings (Yin,
2013). This research is not aimed at gaining statistical generalisability; rather it has
theoretical generalisability as the results could provide insights into the functioning of other
AIS or situations involving the engagement of actors. The results also provide insights for
industry and government to consider ways of improving the uptake of biopesticides in the NZ
kiwifruit industry.
Construct validity, which describes whether an appropriate set of actions was used to address
the research questions, was primarily achieved during data collection (e.g. through sampling
and triangulation). Purposive sampling was used to select participants based on their ability
to contribute to the research questions, i.e. their industry expertise and capacity to influence
change in the innovation system. This sampling method was appropriate to gain access to a
variety of representatives from different actors in the engagement network.
Interpretive validity was also achieved during data collection. This concerns the accurate
portrayal of participants’ insights (Maxwell, 2002). Following interviews, participants were
provided with their interview transcript so they could add additional information and remove
errors or inaccuracies, thereby improving interpretive validity.
Two potential issues related to reliability were addressed during data collection and analysis.
Firstly, semi-structured interviews are difficult to replicate because of their exploratory
nature (Bryman & Bell, 2015). Therefore, I used a set of standardised questions to guide
interviews. Secondly, interviews were carried out by the primary researcher who has
completed an undergraduate degree in the life sciences and also has exposure to the
biopesticide and kiwifruit industries through an internship with a NZ research organisation.
While background knowledge was beneficial in terms of conducting this research, it also had
the potential to introduce bias by limiting the researcher’s ability to remain objective and
critically analyse the data. To address this issue, the study used 1) multiple sources of data; 2)
member checking through discussing findings with industry experts; and 3) reflexivity to
critically reflect on the researcher’s role throughout the entire process. Furthermore, a
database of primary and secondary data was maintained to establish a chain of evidence.
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The accuracy of information provided by interview participants is referred to as
trustworthiness, which was handled during both data collection and analysis (Yin, 2013). To
reduce the risk of participants providing incomplete or untrue information, participants were
reassured at multiple points during the recruitment process (e.g. in the Project Information
Sheet and Consent Form) that their identity would remain confidential. The researcher also
built trust with the participants during interviews (e.g. by conducting interviews face-to-face,
using the first interview question to build rapport, and by maintaining a professional manner).
Lastly, member checking was employed by sending transcripts to participants following the
interviews so that they could add, edit, or remove any information. Findings were also
continually discussed with industry experts to validate and increase the quality of findings
(Bryman & Bell, 2015).

3.6 Ethical concerns
Ethics approval for this research was fully granted by the University of Auckland Human
Participants Ethics Committee on 26 July 2017 for three years under the application number
019610. This study addressed three ethical concerns:
Informed consent and freedom to withdraw
All participants gave informed consent to participate in the research prior to interviews
commencing. Consent was achieved by providing participants with a Participant Information
Sheet (which outlined the aims of the research and what was expected of participants) and a
Consent Form, which was signed and returned to the researcher upon acceptance to partake in
the study. Participants were notified in both forms that they had the right to withdraw from
the research at any time.
Confidentiality
Every effort has been made to preserve anonymity and confidentiality. For example,
participants were designated code names (e.g. Orchardist 1), and no questions were asked
that would result in the identification of participants or their respective companies.
Furthermore, I have disguised any data relating to orchards or organisations that could lead to
the identification of individuals. Participants had rights to their privacy during data
collection. For instance, they could request for the digital recording device to be turned off at
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any time during the interview without having to give an explanation. Interview transcripts
were also provided to participants following the interview to make necessary edits.
Digital audio files were deleted once the research was submitted. All other electronic
research data will be stored securely on a University of Auckland server for 6 years, after
which it will be deleted. Handwritten notes from interviews and other hard copies of
documents were stored securely by the researcher’s supervisor. A database of primary and
secondary data has been maintained to establish a clear chain of evidence for reliability.
Conflict of interest
Although the student researcher completed an internship a NZ research organisation, this
project was developed by the student researcher and their University of Auckland academic
supervisor, thereby mitigating any conflict of interest.
The following chapter presents the main findings of this research, which were obtained by
execution of the research design.
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4.0 Results
This chapter presents the findings of this research. It begins with a description of the network
of actors involved the transition of the NZ kiwifruit industry towards biopesticides, as well as
of the key role of the Marketing Body in facilitating innovation. The description is followed
by a typology of actors in the network based on their attitude towards change (reactive,
inactive, preactive, and proactive). Nine themes are presented to explain the characteristics of
each type of actor, in particular how their dispositions and engagement behaviour affect the
capacity of the industry to shift towards using biopesticides.

4.1 The engagement network
4.1.1 Actors and their connections
The data identified 30 actors in the engagement network, encompassing those from both the
kiwifruit and biopesticide industries. Actors are both individuals and groups of individuals, in
formal and informal organisations. Actors may be human (e.g. orchardists, the Marketing
Body, and kiwifruit consumers) or non-human (e.g. biopesticides and conventional
pesticides). Each actor engages in interactions with multiple others, creating a complex
innovation network.
Figure 8 Network of actors involved in the innovation of biopesticides for the kiwifruit industry
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While 30 actors were identified in total (See Appendix 3 for participants’ descriptions of their
interactions and roles), the network diagram highlights two distinct classes of actors: 1) a
core (blue, circular nodes) whose members are densely connected to each other; and 2) a
periphery (green, square nodes) made up of actors who interact with those in the core but are
sparsely connected to others in the periphery. The core is comprised of 11 key actors:
Table 9 Description of the 11 key network actors involved in the shift of the New Zealand kiwifruit industry towards
biopesticides

Industry

Key Actor

Role in the Network

No. Network
Connections

Orchardists

An orchardist (also known as a grower) is someone who owns,
manages, or cultivates an orchard.

19

Packhouses

Responsible for collection, storage and distribution of kiwifruit; as
well as revenue distribution to orchardists. Some own and
manage orchards themselves, while others contract growers to
provide them with fruit. Some provide technical advice and spray
programmes for growers.

9

Marketing Body

Grower cooperative responsible for overseeing biosecurity, crop
protection, orchard productivity, market access and food safety in
the kiwifruit industry.

18

Biosecurity
Body

Responsible for overseeing all research in the industry on Psa
and future pest and disease incursions.

5

Grower Body

Acts as a growers’ union and advocates on behalf of all growers,
not just those associated with the Marketing Body, in terms of
local government and councils, the Marketing Body, and
packhouses.

5

NZ
agrochemical
companies

Responsible for formulating, registering and marketing
biopesticides.

8

Agrochemical
suppliers

Retailers of agrochemicals. Some provide technical advice and
spray programmes for growers, while others may import existing
agrochemicals from overseas and develop them for NZ
conditions.

9

NZ regulatory
bodies

Responsible for approving biopesticides for sale – involves
assessing efficacy, environmental impact, and health and safety,
and consulting with iwi and public.

8

Research
organisations

Responsible for the research and development of biopesticides
as well as new kiwifruit cultivars.

8

Biopesticides

Pest and disease control products derived from micro-organisms
or natural products.

5

Conventional
pesticides

Pest and disease control products generally derived from
synthetic chemicals or other man-made substances.

7

Kiwifruit

Biopesticide

Kiwifruit &
Biopesticide

The table above provides a description of the 11 key actors involved in the shift of the NZ
kiwifruit industry towards biopesticides. While 5 actors are closely related to the kiwifruit
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industry (i.e. orchardists, packhouses, and the Marketing, Biosecurity and Grower bodies)
and 3 actors to the biopesticide industry (i.e. NZ agrochemical companies, agrochemical
suppliers, and NZ regulatory bodies), 3 actors show involvement in both industries (i.e.
research organisations, biopesticides, and conventional pesticides). The identification of core
network members was based on 1) the large number of connections with other actors; 2) a
high frequency of mention during interviews; and 3) explicit mention of their importance in
the engagement network. Understanding the dispositions and interactions of these 11 key
network actors is critical for understanding the network’s capacity to respond to change. The
findings therefore focus on these actors and their interactions.
Although concrete interactions take place between individuals, network actors enter and
engage at four levels:
1) Individual (e.g. orchardists in the everyday management of their orchard);
2) Group (e.g. orchardists forming a local growers group);
3) Organisational (e.g. Marketing and Biosecurity bodies); and
4) Societal (e.g. the creation of collective demand by consumers).
The examples above show that the level of engagement of a single actor may differ over time,
illustrating the network is dynamic. For example, growers who are interested in developing a
kinship with others in the community may start an informal growers group, where growers
meet face-to-face on a casual basis to share knowledge. These groups are temporary and
engagement between individuals is fleeting. In addition, orchardists with entrepreneurial or
economic motives may adopt a role in the Marketing or Biosecurity Body, or create their own
formal organisation (e.g. spray contracting or orchard management business). Engagement at
an organisational level is generally more long-lasting and requires stable interactions between
individuals.
As actors interact with each other they form smaller engagement networks and adopt social
roles (See Appendix 3), which refer to the activities of actors given the context of a certain
social interaction. These networks may be one-to-one or many-to-many:
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Figure 9 Example of one-to-one and many-to-many networks of actors

The interaction between orchardists and packhouses (left) gives an example of simple, dyadic
engagement with the aim of exchanging goods: packhouses manage the collection, storage,
and distribution of kiwifruit, and in return provide orchardists with revenue and technical
advice. In contrast, the complex, many-to-many network (right) has the intention of problemsolving: orchardists or companies monitor for pests and diseases and control them using
pesticides and biopesticides. Therefore, the engagement behaviour of actors ranges in terms
of complexity (e.g. one-to-one vs many-to-many) and purpose (e.g. exchange of goods vs
problem-solving).
Of the eleven actors that were identified as being key in the engagement network, the
Marketing Body was described as being the most influential for driving the shift towards
biopesticides. For example, they were described by Scientist 1 as “central to it all,” and by
AgCo2 as the “gatekeeper” who has “total control of the industry.” The following section
discusses the crucial role of the Marketing Body as an innovation intermediary. In particular,
it explores the findings on how the Marketing Body facilitates cohesiveness in the network to
enable the fulfilment of key innovation system functions.
4.1.2 The Marketing Body as an innovation intermediary
The NZ kiwifruit industry has changed considerably over the last 70 years and now operates
under a single-desk export structure (Kilgour et al., 2008). All fruit are purchased, exported,
and marketed by a grower-owner organisation, the Marketing Body, whose main goal is to
maximise returns to growers (Douglas & Burgess, 1992). From the findings, it is apparent
that the Marketing Body acts as an intermediary between other actors in the engagement
network, developing concrete activities that contribute to the fulfilment of six key innovation
system functions:

50

Table 10 Innovation system functions and activities enabled by the Marketing Body

Function

Marketing Body Activities

Other actors involved

Creation of synergies

Fostering common cause

Orchardists

Knowledge development
and knowledge diffusion

Website, field days,
workshops and forums

Orchardists

Guidance of the search

Voicing concerns of growers

Orchardists, research organisations and NZ agrochemical
companies

Resource mobilisation

Research funding

Orchardists, research organisations and NZ agrochemical
companies

Market formation

Pushing uptake of products

Orchardists, agrochemical suppliers and NZ agrochemical
companies

The Marketing Body facilitates the creation of synergies between orchardists by creating a
common cause. Participants highlighted collaboration as the kiwifruit industry’s greatest
strength, citing it as “united,” “cooperative,” “collective,” and “cohesive.” In particular,
because orchardists are shareholders of the Marketing Body, there is a common goal to
increase the quality and value of fruit and to meet market access requirements. Collective
ownership of the brand was described as a primary driver for orchardists to attend industry
field days, workshops, and forums, which are used as platforms to share knowledge on new
P&D control solutions:
I think that it is for the betterment of the brand ... collectively if we can continually lift the bar on the
quality of that fruit then it benefits everyone.
- Marketer 1 (Marketing body, interview)

Use of the word “we” in this comment suggests there are positive feelings of togetherness in
the industry. An expectation of shared value was also the motive of Orchardist 4 to engage
with the Marketing Body in activities to promote the brand:
They don’t add value to the orchard on a minute by minute basis, but they add value to the overall
picture of our understanding of the wider dynamics of the kiwifruit industry ...
- Orchardist 4 (Orchard owner, Bay of Plenty, organic, interview)

Therefore, the industry structure appears to encourage reciprocity, whereby the efforts of
each grower will enhance the value of the entire industry, which in turn benefits them as
individuals.
Cooperation between orchardists also creates a culture of knowledge sharing. Orchardists
were often compared with grape growers who were seen to be more competitive and likely to
withhold knowledge:
... it is not several groups of people kind of arguing against each other, it is a big collective as a whole.
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- Marketer 2 (Marketing body, interview)

Knowledge sharing is further facilitated by the geographical closeness of orchardists and
other actors in kiwifruit-growing regions (e.g. the Bay of Plenty). Therefore, social influence
was described as playing a major role in the uptake of new P&D control products:
... if there is something that is working for one particular group or grower, generally they are reasonably
open to sharing that with everyone else. Which means that things can get adopted reasonably quickly.
- Technical advisor (Agchem supplier, interview)

Use of the words “reasonably” and “generally” by Technical advisor implies there are some
growers who are reluctant to share information. Several participants also warned that
knowledge sharing can be harmful if an orchardist reads false information about a P&D
control product:
Sometimes they may have read something in the paper and something has been misinterpreted. So, it just
suddenly becomes a big thing ... it goes around pretty quickly and we have to do a little bit of damage
control.
- Marketer 2 (Marketing body, interview)

Marketer 2’s comment reveals a mob or herd mentality among orchardists, which these
findings show can either accelerate or impede the uptake of new P&D control solutions.
The Marketing Body carries out three activities which facilitate the engagement of
orchardists, research organisations, and NZ agrochemical companies and suppliers. Firstly,
they communicate the key P&D control concerns of growers to research organisations and
NZ agrochemical companies, thereby facilitating guidance of the search. The power of the
Marketing Body over the direction of research was evident at the NGB conference, where
attendees would frequently consult the Marketing Body representative for reassurance around
their idea [Field notes]. Secondly, they are a crucial source of funding throughout the
research and development of biopesticides. AgCo participants expressed their appreciation
for the ongoing investment and support provided by the Marketing Body:
... they are very on-board and very keen, supportive and enthusiastic.
- AgCo2 (Agchem company 2, interview)

This gratitude was shared among interviewees from the Research organisation:
Without that we just couldn’t sustain the amount of work that is going on.
- Scientist 1 (Research organisation, interview)

Lastly, participants claimed the Marketing Body has total control over what P&D control
products are used by orchardists (e.g. through their allowable compounds list), implying they
have a crucial role to play in forming a market for biopesticides:
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They have such a strong role to play in the whole industry. What they say goes to a certain degree. If
they really wanted people to change the applications, only they could drive that I would say.
- AgCo1 (Agchem company 1, interview)

In support of this comment, Technical advisor noted that because the Marketing Body is
driving a shift towards biopesticides, the rest of the network “either has to or wants to
follow.” This comment reinforces the existence of a gang or herd mentality in the industry.
To summarise, the activities of the Marketing Body are helping to facilitate the engagement
of other actors in the network, and to enable the fulfilment of six key innovation system
functions: creation of synergies, knowledge development and knowledge diffusion, guidance
of the search, resource mobilisation, and market formation. The remainder of this chapter is
used to explore the different attitudes of growers towards change, providing insights into the
dispositions and interactions of actors which are impeding or facilitating the shift towards
biopesticides.

4.2 Orientation towards change
The findings revealed four typologies of actors based on their attitude/approach towards
change: reactive, inactive, preactive, and proactive.
Table 11 Four typologies of actors in the engagement network showing their attitude towards change

Type of approach

Attitude towards
change

Preferential time
period

Reactive

Unmake

Past

Themes supporting each attitude
1. Desperate times
2. Hard and fast chemicals

Inactive

Prevent

Present

3. The gravy train
4. “Don’t fix what ain’t broke”
5. Unrealistic expectations

Preactive

Accelerate

Future

6. The industry shift towards biopesticides
7. Belt and braces

Proactive

Create

Past, present and
future

8. Pioneering spirit
9. Sandals and socks

During the discussions had with participants on the engagement activities of different actors
in the network, actors who appeared to have a reactive or inactive attitude towards change
have the highest degree of discomfort and resistance towards any novel technological,
environmental, economic, organisational or political challenge. On the other hand, a preactive

53

attitude leads some actors to openly embrace change whenever certain trends indicate there
are likely opportunities or threats. Actors with a proactive attitude seek to create change and
are motivated by the innovation of new markets and technologies. The following sections
explore each of these typologies using nine themes which emerged from the data. It is
important to note that although discrete typologies are used for illustrative purposes,
boundaries are fuzzy, and attitudes change in response to different circumstances and over
time.
4.2.1 Reactive attitude towards change
A reactive attitude reflects actors’ preference for the past, even sometimes overlooking the
negative aspects of that past. In doing so, they reject the changes that have created the present
and attempt to prevent change from happening in the future. Accordingly, a reactive approach
means the behaviour of actors is initiated after a change has already occurred. Two themes
emerged from the data which demonstrate the reactive attitude of actors: 1) Desperate times,
describing the response of actors to the bacterial disease Pseudomonas syringae pv.
actinidiae (Psa); and 2) Hard and fast chemicals, referring to the predominant use of
conventional pesticides to control P&D in the kiwifruit industry.

Reactive theme 1: Desperate times
This theme reflects the propensity of actors to adopt a reactive attitude when faced with a
major exogenous crisis. This was evident in the nature of the industry’s response to Psa. After
its arrival in NZ 2010, Psa spread through the Bay of Plenty and essentially wiped out the
then-predominant gold-fleshed ‘Hort16A’ cultivar (marketed as Zespri® Gold Kiwifruit),
which Orchardist 5 described as an “absolute wimp” when it came to susceptibility to Psa.
Psa evoked an emotional response among actors that was likened by Greer and Saunders
(2012) to the “cycle of grief”:
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Figure 10 Six-stage emotional response of actors to the bacterial disease Pseudomonas syringae pv. actinidiae (Psa)

When Psa began decimating kiwifruit vines in early 2010, there was widespread crop loss
and a sense of panic. Initially, actors were largely in shock and disbelief that they now faced
a potentially devastating threat which had not been foreseen. Actors went “into the tortoise”
[Orchardist 2, orchard owner, Bay of Plenty, conventional, interview], indicating denial of
Psa’s effect on orchard management practices and the wider industry. The industry had no
solutions initially, hence growers struggled to control the disease. A general state of
disorganisation led to growers taking on debt and losing their orchards (Greer & Saunders,
2012). Anger resulted. One group of orchardists sued the NZ Government for not anticipating
Pas and for the lack of biosecurity controls (the Kiwifruit Claim, yet to be resolved). At the
height of the outbreak, orchardists felt despair, depression and grief at the loss of their vines,
which is still prominent in the industry as some orchardists continue to battle Psa. Despair
was particularly prevalent among organic orchardists who were forced to revert to
conventional to expand their toolkit (being the set of P&D control products and processes
available to them), meaning they had to compromise their core values. After hitting rock
bottom, the industry began to reorganise itself. Some orchardists turned their attention to
developing a plan for reconstruction, which gave them something positive and practical to
focus on. For example, while Orchardist 4 claimed they were “cleaned out” by Psa, they
decided to focus on monitoring and hands-on management. Finally, with a realisation the

55

industry needed to find a way through the outbreak, there was an acceptance that Psa had
arrived and people reacted quickly to restore profitability.
The industry appeared to invest heavily in the search for tools to control Psa. For instance,
the Biosecurity Body was established and was funded NZ$50 million by the NZ Government
and industry to implement an aggressive response strategy. Participants explained that the
Marketing Body invested significantly more in the development of new P&D control
products than they usually would because of their desperation:
If there is a problem, money gets thrown at problems.
- Orchardist 3 (Orchard owner and manager, Northland, conventional and organic, interview)

Orchardist 3’s use of this expression suggests there are underlying issues in the industry
which cannot be solved by money. To allow products to get to market faster, NZ regulatory
bodies took a major risk and fast-tracked registration processes:
In the rush to try and find some control measures to treat it, some of those processes were short-cut to
allow use ... Some of it was allowed but unproven.
- Marketer 2 (Marketing body, interview)

Risk-taking was also evident among orchardists, who increasingly attended field days,
workshops, and grower forums to learn about new products and practices they could
experiment with:
They really got quite big when Psa first arrived because it was a big challenge to the growers. At some of
these meetings, you would get 300 people turning up.
- Scientist 1 (Research organisation, interview)

In support of this comment, Orchardist 6 claimed the “silver lining” of Psa was that it
encouraged people to take financial risks and try new ways of doing things. Overall, the level
of risk-taking by the Marketing Body, NZ regulatory bodies, and growers reflects the
widespread desperation to reverse the damage caused by Psa and to restore the profitability of
the kiwifruit industry.
In summary, this theme reflects the fact that when faced with an exogenous crisis, actors
initially reacted with a series of negative emotions including denial, anger, despair,
depression, and grief. However, this was followed by a phase of reconstruction, embodying
positivity, acceptance, and action to minimise the severity of the threat. In addition, actors
showed a willingness to take risks to reverse the damage that was caused.
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Reactive theme 2: Hard and fast chemicals
Desperation led the industry to become heavily dependent on the use of conventional
pesticides to control Psa, in spite of the significant steps already made towards reducing
pesticide usage and employing Integrated Pest Management (IPM) through their KiwiGreen
programme. The set of tools available for Psa became predominantly based on heavy metals
and antibiotics, among a range of other chemicals and cultural practices. Participants
described copper-based bactericides as the “backbone of Psa control” [AgCo2, Agchem
company 2, interview] and claimed they were, and still are, heavily pushed by industry
bodies:
... we are told by [the Biosecurity Body] to throw copper on like rain ...
- Orchardist 2 (Orchard owner, Bay of Plenty, conventional, interview)

This comment reflects what Orchardist 3 called the “hard and fast” mechanism of
conventional pesticides, where they are applied to crops in a sudden, concerted effort to kill
any pests or diseases that are present. This phenomenon was also referred to by Orchardist 6
as the “blitz tactic,” and a speaker at the NGB conference as the “chemical paradigm.”
Participants explained that the push from industry bodies to use conventional pesticides
creates a major barrier to the adoption of biopesticides:
To get everyone to adopt biopesticides, it is not easy. You are in a big business with a vested interest to
make sure that people are still using lots of chemicals because that is what is making them money. So,
you have to find a fit where it works.
- AgCo1 (Agchem company 1, interview)

Together, these findings reflect the value actors place on conventional pesticides because
they quickly reverse the damage caused by pests and diseases.
The inclination of orchardists to use conventional pesticides is strengthened by their inherent
pragmatism, which means they value observable results over abstract or theoretical
mechanisms of action. Conventional pesticides are proven to work and have visible efficacy
and consistency. Therefore, they promise effective control when there is a great deal at stake:
... if you have a significant infection event coming, what are you going to put on your $150,000 produce?
You are going to go for [the conventional pesticide].
- Technical advisor (Agchem supplier, interview)

In contrast, biopesticides are generally based on holistic principles, meaning that in an
orchard, there are forces at play which are not chemical, physical, or observable:
... it is not just how the vines look outside, it is how the soil underneath and the reservoir of food is
looked after.
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- Orchardist 5 (Orchard owner, Bay of Plenty, organic, interview)

An example of a holistic approach was given by Orchardist 2, who refuses to rely on copper
to treat Psa. Instead, they use a biopesticide called Thermomax™ which raises the internal
temperature of vines to reduce frost and therefore the risk of Psa:
Can I explain the science of it? No, I can’t ... but when you get a vitality in your orchard and a certain
level of energy in it as far as organisms and life; other things work better.
- Orchardist 2 (Orchard owner, Bay of Plenty, conventional, interview)

These findings suggest that biopesticides require intuition and feeling as well as logic,
contrasting with the pragmatic attitude of orchardists. Orchardist 2 believes that humans do
not have the “spiritual maturity” or capacity to understand and appreciate these holistic
principles. However, participants described several organic products and processes that have
been adopted by conventional growers over time (e.g. zero leafing and trunk girdling),
indicating growers are willing to embrace biocontrol tools if there is legitimacy around the
solution.
Despite the significant amount of hard work required to subdue Psa, participants attributed
the recovery of the industry to the new gold-fleshed cultivar: ‘Zesy002’ (commonly known as
Gold3 by orchardists). ‘Zesy002’ (marketed as Zespri® SunGold Kiwifruit, and hereafter
called Gold3) fortuitously showed tolerance to Psa and growers were able to substitute it for
their remaining ‘Hort16A’ vines, significantly reducing the risk of infection:
... there was a wee bit of luck involved in that [the industry] survived and we had a new gold... It was just
fortunate that it was there at the right time...
- Marketer 1 (Marketing Body, interview)

Recurrent use of the words “lucky” and “fortunate” throughout interviews suggests
participants romanticise the Gold3 cultivar to be the hero that saved the industry from Psa.
This adulation was in spite of the fact that growers had to pay over $60,000 per hectare for
the new licence and therefore take a huge financial risk. In contrast, Orchardists 5 and 6 had a
very different view of the Gold3:
... it wasn’t lucky ... the Sun Gold was the result of a breeding programme going back 20 years.
- Orchardist 5 (Orchard owner, Bay of Plenty, organic, interview)

They suggested that the recovery of the industry was actually due to the innovativeness of
research organisations and the Marketing Body who developed the Gold3 cultivar.
Overall, when faced with a major exogenous shock, orchardists and the Marketing Body
adopted a reactive attitude in an attempt to undo, rather than address, damage. A reactive
attitude towards P&D control reflects an industry norm of using conventional pesticides.
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Dependence on conventional pesticides is amalgamated by the pragmatic nature of growers,
which conflicts with the holistic principles of biopesticides and IPM, and by industry push.
4.2.2 Inactive attitude towards change
Unlike a reactive approach whereby actors actively try to prevent change, inactivity is a
passive state in which actors are satisfied with the way things are. An inactive attitude
appears to be prevalent in the network when there are no significant exogenous shocks taking
place. Therefore, this attitude was particularly evident in participants’ descriptions of the
current dispositions and behaviours of actors. Three themes emerged from the data which
illustrate an inactive attitude: 1) The gravy train, referring to the view by growers that
orcharding is a means of active retirement whereby the workload can slowly be decreased
and replaced by contractors and managers; 2) “Don’t fix what ain’t broke,” reflecting the
reliance of growers on established production methods and the complacency of the Marketing
Body; and 3) Unrealistic expectations, describing the industry-wide lack of legitimacy
around biopesticides.
Inactive theme 1: The gravy train
The gravy train refers to the desire of some growers to do the least amount of work possible
for the most financial return. According to Orchardist 4, this attitude exists because of the
nature in which most growers entered the industry. In the 1970s, kiwifruit was marketed
Figure 11 Giant kiwifruit as symbol
for Te Puke – the “kiwifruit capital of
the world” [Source: (Pseudopanax,
2014)]

to New Zealanders as a “gold mine” or “lifestyle” industry,
with government tax incentives and the prospect of profits
leading to a rapid influx of middle-aged non-horticultural
farmers (Milne, 2014). Orchardist participants described
four major drivers for growing kiwifruit:
1) Pleasant lifestyle and family environment
2) Independence,

self-employment,

create

something

for

themselves, and be innovative;
3) Tradition - they grew up on the orchard and it was the norm to
continue the family business; and
4) Kiwifruit is perceived to be less labour intensive than dairy
farming.

Participants demonstrated a particular inclination towards
the past and often reminisced about the “good old days”
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when orcharding was less labour intensive. Marketer 2 explained that before Psa there were
no significant P&D threats and orchardists adopted a laidback attitude:
I don’t think growers really managed their orchards all that much... there may have been a few things
you treated but nothing major.
- Marketer 2 (Marketing body, interview)

According to Orchardist 4, a feeling of inertia meant growers were happy “thundering
along” and they believed they were “bulletproof.” Orchardist 6 even speculated that Psa was
a result of the focus of growers on making fast money:
I personally think Psa is a product of us actually being really greedy and screwing the hell out of our
vines to produce as much as we can; as quick as we can; and as big as we can.
- Orchardist 6 (Orchard manager, Bay of Plenty, organic, interview)

The persisting hubris and ignorance towards potential dangers even after Psa may be the
underlying problem in the industry that Orchardist 2 was referring to in their comment that
“money gets thrown at problems.”
A focus on economic (rather than social) outcomes is escalated by the changing ownership
structure of orchards, which is having negative consequences on the uptake of biopesticides.
While orchards were traditionally owner-operated, Orchardist 2 noted that over 45% of
orchards are now run by commercial management companies (responsible for keeping the
books and organising labour, contractors, and consultants), and contractors and labourers
(who carry out pruning, spraying, fertilising, and harvesting). Orchardist 1 likened the Bay of
Plenty to a “retirement industry,” to which they added:
It is very much a passive investment for lots of people ... management companies do everything for you...
when I’m not here the orchard runs itself.
- Orchardist 1 (Orchard owner and spray contractor, Bay of Plenty, conventional, interview)

The ability to contract-out work means that orchard owners are increasingly becoming
disconnected from their orchards:
... the owner is not actually taking part, they just own the orchard and may or may not live there.
- Scientist 2 (Research organisation, interview)

Orchardist 2 described that the absence of orchard owners creates a lack of awareness and
knowledge about the orchard environment, which is crucial for the successful use of
biopesticides and IPM. Orchardist 1 commented that large management companies and spray
contractors adopt a one-size-fits-all approach rather than tailoring programmes to each
individual orchard. In contrast, Orchardist 2 explained how they get a “vibe” for what the
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climate will be like during a season, which directly informs the timing of their P&D control
practices:
A lot of what I am doing is pre-empting, I am already sort of getting a vibe for this season; what are the
temperatures doing? That is my direct influence on pest loading.
- Orchardist 2 (Orchard owner, Bay of Plenty, conventional, interview)

Management companies and spray contractors are also largely price-driven, making them
reluctant to switch to biopesticides which are generally more expensive:
Cost and efficacy are probably the biggest drivers for us in terms of conventional use [of biopesticides].
- Orchardist 1 (Orchard owner and spray contractor, Bay of Plenty, conventional, interview)

Participants described that this hugely reduces the uptake of biopesticides in the industry
because of their sizable buying power. Furthermore, commercial managers may not have the
long-term outlook or interest in industry politics that independent growers or managers
possess, leading to a lack of leadership (Kilgour et al., 2008).
Together, these findings highlight three factors impeding change in the industry: 1) orchards
are being run in a systematic way that is not conducive to IPM or biopesticides; 2) actors that
hold buying power (e.g. orchard managers and spray contractors) may not appreciate the
long-term benefits of research and development, promotion, and quality processes; and 3)
large spray contractors and commercial managers are reluctant to willingly switch to using
biopesticides because it will affect their bottom-line, leading to poor uptake.
Inactive theme 2: Don’t fix what ain’t broke
An attitude of “don’t fix what ain’t broke” [AgCo1, Agchem company 1, interview] was
found to be a significant barrier to the shift towards biopesticides. For example, traditional
growers appear to be content with their current management practices, which was evident
when Orchardist participants were asked to describe the biggest challenges they face in P&D
control:
I don’t actually think that we have got any constraints... we have enough tools.
- Orchardist 3 (Orchard owner and manager, Northland, conventional and organic, interview)

Orchardist 4 even remarked that they haven’t changed their orchard management programme
since the 1990s. Paradoxically, the findings revealed several major gaps in the set of
available P&D control tools where there is a need for residue-free products like biopesticides.
For instance, participants frequently mentioned the lack of products that can be applied postflowering because residues would be left on fruit:
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You don’t have any options post-flower essentially.
- Technical advisor (Agchem supplier, interview)

This tension in the data suggests that Orchardist participants rationalised their lack of desire
to change by asserting there is no need to do so. A lack of desire to experiment with new
P&D control products was attributed by participants to the fact that both New Zealanders and
farmers are “set in their ways” and “conservative by nature.” Additionally, the findings
suggest that older growers may be overwhelmed or intimidated by new technologies:
A lot of it is older people that don’t like the technology ... and don’t like the change aspect about it and
the feeling that you have always got to keep up with lots of moving parts all of the time.
- Orchardist 3 (Orchard owner and manager, Northland, conventional and organic, interview)

In support of this comment, Orchardist 4 recited the phrase “you can take an animal to water
but they don’t necessarily drink it,” reflecting the stubbornness of some growers towards
change. Furthermore, Scientist 2 commented that there is a lack of desire to change when
there are no drivers:
... if an industry has a lot of options i.e. a lot of fungicides available to it and they are working well, there
is kind of a lethargy; there is no driver for them to give those up. Why should we? Why change? Unless
something disruptive comes along...
- Scientist 2 (Research organisation, interview)

The last part of this comment suggests that an effective way to create a shift towards
biopesticides is through coercive mechanisms, supported in a comment by Scientist 2:
... when you rely on a sector to do it voluntarily the uptake is very slow. There is nothing like a
regulation to make change happen.
- Scientist 2 (interview)

Similar conclusions were drawn from Orchardist 3:
... if suddenly the world didn’t have chemicals ... it would take about five minutes for people to get up to
speed about how to use the [biopesticide] options ...
- Orchardist 3 (Orchard owner and manager, Northland, conventional and organic, interview)

Together, these findings suggest that the removal of conventional pesticides from the
Marketing Body spray programme would help overcome the inertia of orchardists by creating
a need to change their P&D control practices.
Complacency was also evident in descriptions of the Marketing Body. For example, Marketer
2 highlighted that the Board has a tendency to be risk-averse:
... the idea of innovation is to try and fail ... I think sometimes ideas get shot down too quickly.
- Marketer 2 (Marketing body, interview)
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Orchardist 2 also complained about the lack of support given by the Marketing Body for
orchardist-derived solutions:
There is so much out there that is innovative, but it is like opening up Pandora’s box ... everyone is more
interested about covering their ass rather than about being really innovative ... You want to be
innovative? ... we are the innovators.
- Orchardist 2 (Orchard owner, Bay of Plenty, conventional, interview)

This comment implies that the Marketing Body believes it is their role to drive innovation,
supported by Orchardist 3’s description of the Marketing Body as the “spearhead” of
growers who “leads most of the innovation.” Perceived control of the Marketing Body over
innovation was even validated by Marketer 2: when asked about the level of innovation in the
kiwifruit industry, they immediately described the Innovation Team with no mention of
orchardist-derived innovation. This view was also shared by Orchardist 5, who recalled the
discouraging attitude of the Marketing Body when they approached them with a compost tea
that showed efficacy against Psa:
They say it is at our risk: they are not saying “brilliant idea, go and do it, wonderful.”
- Orchardist 5 (Orchard owner, Bay of Plenty, organic, interview)

Together, these findings reveal a major conflict in the data: while the Marketing Body
perceives it is their role to promote innovation in the industry, Orchardist participants
consider them to be stifling innovation. Despite these frustrations, all participants appeared to
appreciate the diligence of the Marketing Body when it comes to sprays. For example,
participants described how easily residues can be left on fruit:
... we had a couple of cases this year where fruit got dropped on the ground and mulched so there were
too many residues on the fruit. It was due to a mistake, they had grabbed the wrong tin or something and
sprayed it on the fruit.
- Marketer 1 (Marketing body, interview)

Marketer 1 went on to explain that this could be a “several hundred thousand, if not milliondollar mistake,” both in terms of failure to meet market access requirements and the
reputation of the brand. Because of this, the Marketing Body must carry out several sampling
and residue checks before fruit reach the shelves (Zespri, 2017b). Overall, the risk-averse
nature of the Marketing Body when it comes to P&D control solutions is leading some
growers to feel like they are unable to contribute to innovation.
Overall, this theme highlights the existence of widespread resistance to change in the
kiwifruit industry. The findings suggest this is driven by conservatism and complacency,
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intimidation by new technologies, lack of drive to change when there is an easier option, and
risk-aversion around orchardist-derived solutions.
Inactive theme 3: Unrealistic expectations
The findings revealed a widespread lack of legitimacy around biopesticides. For example,
participants commented that they “don’t have the efficacy” of conventional products
[AgCo2, Agchem company 2, interview] or that “the efficacy is not as good” [Marketer 1,
Marketing body, interview]. As biopesticides are assumed to be ineffective, and as
orchardists rapidly share knowledge, poor results from biopesticides will become rapidly
known:
If someone gets a bad experience it circulates really fast. So, you can’t afford to have a bad experience.
- Orchardist 4 (Orchard owner, Bay of Plenty, organic, interview)

In addition to efficacy concerns, orchardists perceive biopesticides to be more complex,
contrasting with their desire to use the least labour-intensive option. Unlike conventional
pesticides which can be sprayed on the crop and forgotten about, biopesticides require more
knowledge on monitoring, the nature of the pest or disease, the weather, how to store the
product, and how and why the product works:
... You can’t just do something and then forget about it and the job is done ... there is a skill level and
cost associated with it ...
- Orchardist 2 (Orchard owner, Bay of Plenty, conventional, interview)

Consequently, growers are discouraged by the need to adopt a new way of thinking:
They have so much other stuff going on they don’t want to have to go do all the bits of homework on the
biopesticide, the cultural control, the nutritional control, the variety.
- Scientist 2 (Research organisation, interview)

Growers are reluctant to invest time and energy into learning how to use a biopesticide
effectively. Therefore, biopesticides are often used incorrectly and do not deliver the
expected results, and these experiences are disseminated rapidly around the industry.
The constant comparison of biopesticides with conventional pesticides highlights another
misguided preconception: that biopesticides are intended to be used in isolation. In contrast,
both Marketing Body participants stressed that biopesticides should only be used in an IPM
programme:
I think traditionally you were going, does it work as well as this? But it is never going to do that ... we
are looking at them as part of a programme.
- Marketer 2 (Marketing body, interview)
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Using biopesticides in conjunction with cultural control methods drastically improves the
overall level of control. However, there is also a profound difference in philosophy and
practice involved with taking a holistic (IPM) vs atomistic (chemical pesticide) approach,
which was illustrated in a diagram drawn by Scientist 2:
Figure 12 Approximate percentage of pest and disease control obtained using holistic vs atomistic approach [Source:
(Scientist 2, Research organisation, interview)]

Using this figure, Scientist 2 discussed the concept of “tagging” different cultural practices
onto biopesticides to increase the

Figure 13 Grass growing beneath a well-maintained open light canopy
[Source: author]

overall level of control, reflecting
a holistic approach. For example,
good vine management and tidy
grass strips enable an open canopy
that improves airflow and spray
coverage (Acorn Foundation et al.,
2016), thereby reducing the risk of
P&D. In contrast, conventional
pesticides adopt an atomistic
approach whereby they are applied in a sudden, concerted effort to kill any pests or diseases.
To create legitimacy around biopesticides, Scientist 2 stressed the importance of experts
working directly with growers to provide technical advice and training and to demonstrate the
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efficacy of biocontrol in real-life orchard situations. However, Research organisation and
AgCo participants both complained that their direct interaction with growers is impeded by
agrochemical suppliers who sell agrochemicals to growers and who are reluctant to share
information about their customers for fear they will be circumvented:
... you need to have good relationships with the distributors so that you get the feedback from the
growers they are working with.
- AgCo1 (Agchem company 1, interview)

Consequently, Scientist 2 claimed there is an urgent need for extension services to be
reintroduced into NZ. Extension services are used to facilitate the uptake of biocontrol
through 1) working with growers to make biopesticides work on a typical orchard; 2)
understanding and demonstrating how biopesticides work in combination with existing
products and practices; and 3) collecting feedback from end-users to be used by research
organisations and agrochemical companies. Accordingly, extension services in NZ would
mitigate unrealistic expectations around biopesticides, demonstrate how they can be used
within an IPM programme, and facilitate the ongoing improvement of biopesticide products
through feedback loops.
In summary, the finding uncovered an inactive attitude amongst traditionalist growers, who
are content with the current situation and depend on existing orchard management practices.
Resistance to change is exasperated by assumptions that biopesticides are not effective and
are too complex, with no current systems in place to create legitimacy. Additionally, control
of orchards is being taken over by actors who lack a long-term vision for the wider kiwifruit
industry and are reluctant to switch to biopesticides in fear it will affect their bottom-line.
Trepidation around a loss of profitability was also evident in descriptions of the Marketing
Body, who appear to be risk-averse when it comes to the innovation of new P&D control
products and practices, particularly around orchardist-derived solutions.
4.2.3 Preactive attitude towards change
A preactive attitude is motivated by the desire to embrace change, which involves seeking out
future opportunities and threats and acting upon them to create desirable outcomes.
Therefore, actors attempt to control future outcomes rather than reacting to change once it has
occurred. Two themes surfaced from the data giving evidence for a preactive attitude: 1) The
industry shift towards biopesticides, describing the industry push away from conventional
chemicals and the subsequent pull towards biopesticides; and 2) Belt and braces,
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symbolising the actions of the industry to take control of future biosecurity incursions and
copper-resistant Psa.
Preactive theme 1: The industry shift towards biopesticides
When discussing the future of P&D control in the NZ kiwifruit industry, BDM described
three pressures that would accelerate the uptake of biopesticides:
... a big market pull, an industry body push, or a regulatory push.
- BDM (Research organisation, interview)

According to participants, the kiwifruit industry is currently facing all three, thereby creating
an overall growing demand for biopesticides:
Figure 14 Pressures leading to increased demand for biopesticides in the New Zealand kiwifruit industry

As seen in Figure 14, negative implications of conventional pesticides on human health, the
environment, and quality of the produce are increasingly attracting global attention, leading
consumers, supermarkets, international regulatory bodies, and even some growers to petition
for a reduction in pesticide usage. Being an innovation intermediary, the Marketing Body is
compelled to meet the changing needs and demands of these actors and is, therefore,
restraining the use of conventional pesticides by growers. The subsequent need for alternative
P&D control tools creates an opportunity for agrochemical companies and suppliers, who see
the strategic potential of the changing biopesticide market. The following sections describe
the findings around the dispositions and activities of each actor in this chain of events.
Environmental issues and human are at the forefront of consumer concern, and civil society is
becoming increasingly aware of the negative effects of conventional pesticides. Interestingly,
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because data collection was carried out in the weeks preceding the 2017 NZ general election,
concern over the environmental impact of NZ’s primary industries was frequently brought up
during interviews:
... environmental issues come to the forefront and your generation are driving it really hard as well. It is
time. It is great.
- AgCo2 (Agchem company 2, interview)

In addition, AgCo3 expressed their concern over recent long-term health studies, which have
shown that continued exposure to pesticide residues in food may lead to chronic conditions
such as cancer (e.g. Nicolopoulou-Stamiti et al., 2016). AgCo3 added that public knowledge
around the environmental and health impacts of food production is accelerated as generations
become more “tech-friendly,” which allows a consumer to make more informed purchase
decisions:
Consumers are a lot savvier about wanting to know what we use and what we don’t use .... Anyone can
Google a spray now and get a whole raft of information [about the] benefits [to] them and the risks.
- Marketer 2 (Marketing body, interview)

These findings reflect the concerns and behaviours of individuals; however, participants also
discussed the power of collective consumer demand for residue-free fruit which is driving
industry change:
... collectively consumers need to realise how much power we really do have. This whole thing that we
are powerless to change is how [corporations] want you to think. Collectively we can recreate the world
if we wanted to.
- Orchardist 2 (Orchard owner, Bay of Plenty, conventional, interview)

Of particular importance in this comment is the use of the word “we,” which highlights the
fact that all individuals in the engagement network are consumers. A shared expectation that
food should be healthy and safe was also highlighted by AgCo3 as they described their
company’s motives for developing biopesticides:
... we consume food here ourselves. Why wouldn’t we want to try and benefit growers here who are then
going to sell back to me again?
- AgCo3 (Agchem company 3, interview)

According to participants, demand for residue-free fruit is primarily being driven by
European consumers; and while this is not the NZ kiwifruit industry’s largest export market,
they are the most progressive and vocal about this change.
Overseas supermarkets and regulatory bodies are responding to trends towards residue-free
fruit. Scientist 2 explained that to appear “greener than everyone else,” leading supermarket
brands (e.g. Sainsbury’s and Tesco) are banning produce treated with certain pesticides,
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particularly those which are linked to bee deaths. The prohibition of pesticides is enforced on
produce suppliers (i.e. the Marketing Body) through supermarket spray compliance
programmes and maximum residue levels (MRLs). In addition, international regulatory
bodies are taking action to reduce the use of conventional pesticides:
... there have been enough studies done now, so international bodies are starting to make a lot of
pressure for [them] to be taken off the marketplace; especially in Europe.
- Scientist 1 (Research organisation, interview)

Scientist 2 was particularly excited about the introduction of Directive 2009/128/EC (or
Sustainable Use Directive) by the European Union (EU). The Directive aims to reduce the
risk and impact of pesticides on human health and the environment by promoting alternative
approaches to P&D control ("Establishing a framework for Community action to achieve the
sustainable use of pesticides," 2009). Additionally, it deems IPM obligatory and gives
priority to non-chemical methods for plant protection, thereby driving the regulatory push for
biocontrol.
As well as from the demand side, orchardists are creating a push for the reduction of
pesticides. Orchardist participants expressed distaste for the use of Hi-Cane (hydrogen
cyanamide) to promote budbreak, primarily because of the toxicity of spray drift to other
desirable plants, workers, and the community. Interestingly, Hi-Cane is the major product
separating conventional from organic orchards (Hunt, 2005); and while conventional
Orchardist participants claimed they would prefer not to use it, Marketer 1 noted they “don’t
have a lot of other options.” Orchardists also appear to be developing a negative attitude
towards copper for Psa control:
I don’t really think anyone likes copper that much at all ...
- Orchardist 6 (Orchard manager, Bay of Plenty, organic, interview)

A major concern of growers around Hi-Cane, copper, and other conventional pesticides is
that they kill indiscriminately, meaning that as well as targeting any bad P&D they also
destroy helpful microbes in the soil:
There is sort of a doctrine now that you have to put copper on ... We spend years growing up the good
things in the soil and then we are trying to kill Psa so we end up killing everything else that was
beneficial.
- Orchardist 6 (Orchard manager, Bay of Plenty, organic, interview)

Technical advisor noted that their orchardist customers are increasingly becoming interested
in the benefits of maintaining a balance of microbes in the soil for plant health. In fact,
Orchardists 2, 4, 5, and 6 all highlighted the importance of achieving “equilibrium with
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nature,” and maintaining the “health,” “life,” and “vitality” of their orchard to enhance the
vine’s natural defence against P&D and to increase productivity. Reflecting signs of a healthy
ecosystem, when visiting all three of these orchards there was an abundance of wildlife
including rabbits and hawks [Field notes]. As such, the values of growers are increasingly
aligning with the concept of holism, leading to a growing demand for natural P&D control
products like biopesticides. For instance, Orchardist participants seemed particularly
enthused about a yeast-based biopesticide currently being developed:
... [we] are also in the process of looking at the yeast. We are really hopeful that it will have some
efficacy for Psa. That will be a real bonus for us.
- Orchardist 1 (Orchard owner and spray contractor, Bay of Plenty, conventional, interview)

The optimism reflected in Orchardist 1’s comment demonstrates that growers are more
receptive to biopesticides when there is an urgent need or desire for alternative products.
Interestingly, the findings revealed a contradiction between what Orchardist participants say
they value and what they do in practice. For example, while Orchardist 3 expressed concern
over the impact of Hi-Cane on bee health, they still use it on the conventional orchards they
manage. Because of this, Orchardist 3 rationalised their use of conventional pesticides by
commenting that you “don’t want to delve too deep into these sorts of things ...” and by
denying the fact that conventional orcharding has more of an environmental impact than
organics.
Together, the demands of consumers, supermarkets, regulators, and orchardists must be met
by the Marketing Body, who restrict the use of conventional pesticides by growers via the
spray programme and residue testing:
Europe will push [for fewer pesticides] and they will push [the Marketing Body] and that will eventually
come back on us; which may be a good thing.
- Orchardist 2 (Orchard owner, Bay of Plenty, conventional, interview)

The last part of this comment reflects the common goal of orchardists to reduce pesticide
usage to meet market access requirements. However, the removal of products from the spray
programme also leaves growers with limited tools for P&D control, which is driving the
Marketing Body to invest heavily in the development of biopesticides to fill these gaps:
... that is the game we are in. Ultimately, we are wanting to use less chemicals.
- Marketer 1 (Marketing body, interview)

Use of the word “want” in this comment is particularly interesting, as the findings have
shown the Marketing Body is responding to a need to reduce the usage of pesticides rather
than a desire to experiment with alternative forms of P&D control. Research organisation
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interviewees also discussed the pressure placed on them by unrealistic product development
timelines, reflected in the title “Fast Tracking Biopesticides” given to a particular
biopesticide research project [Field notes]. BDM stressed the importance of the Marketing
Body being “proactive,” and the importance to “lead rather than follow” to avoid a situation
where there is a lack of control tools available for growers. Despite the challenges faced by
the Marketing Body, a shift towards biopesticides also creates a valuable opportunity to
position themselves as more “clean and green” than other kiwifruit brands.
We have a good brand ... a trusted brand ... a safe brand.
- Marketer 1 (Marketing body, interview)

This comment suggests that biopesticides fit well with the brand image of NZ kiwifruit.
Growers are also taking advantage of the opportunity created by consumer trends, for
example by responding to increasing demand for organic produce:
... if you go to the supermarket the number of items that are now available in the organic area is like
tripling every year.
- AgCo3 (Agchem company 3, interview)

Because organic kiwifruit are sold at a premium price, organic growers have been earning
“pretty good coin” [Marketer 1, Marketing Body, interview] due to the additional payment
per tray of fruit. However, Marketer 1 noted that because only 3-4% industry is organic, they
were unable to meet the level of demand last year. In addition, organic Orchardist
participants complained that NZ does not have their own standard defining the word
‘organic’:
Members of the organic industry in New Zealand have been battling away for years on this one. The
Ministers want it to happen, but the officials are stagnating. Why? No one can work it out ...
- Orchardist 4 (Orchard owner, Bay of Plenty, organic, interview)

Orchardist 4 was frustrated by the difficulties this creates when exporting kiwifruit to
countries like America, Japan and Europe, as NZ’s organic certification is not comparative.
These findings imply that the wider industry and NZ Government are neglecting to take
advantage of the market for organic fruit.
In recognition of the growing market for biopesticides, agrochemical companies and
suppliers are beginning to invest in the development of biopesticides. The number one motive
of AgCo participants was to identify gaps in the market and take advantage of opportunities
when they arrive:
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There is a lot of opportunities for unique and novel solutions for New Zealand agriculture and soft
biocontrol products have to be part of that.
- AgCo2 (Agchem company 1, interview)

AgCo participants noted that close collaboration with research organisations has been
instrumental in getting biopesticide products to market rapidly:
We find it invaluable to have the depth of science horsepower that they put behind it ... They find it
invaluable to have the commercial acumen and understanding of the market that we bring.
- AgCo2 (interview)

In line with this comment, BDM stressed the importance of coalescing the agrochemical
company’s business skills with the researcher’s scientific knowledge:
I think because we are working as a team and have all got our roles, that works quite well ...
We realise that we can’t just do the discovery and leave that and there will be uptake.
- BDM (Research organisation, interview)

Furthermore, Scientist 2 explained that while it may be a long time before multinational
agrochemical companies stop pushing conventional pesticides, they are beginning to express
interest in biocontrol. Overall, these findings highlight the momentum being built around the
development of biopesticides as companies react to emerging market opportunities.
Together, these findings highlight eight actors who are taking a preactive approach to identify
and act upon future threats and opportunities: consumers, international regulatory bodies,
orchardists, supermarkets, the Marketing Body, NZ agrochemical companies, multinational
agrochemical companies, and agrochemical suppliers. These actors are collectively driving
demand for and innovation of biopesticides.
Preactive theme 2: Belt and braces
This theme describes how actors are taking control of the threat of future biosecurity
incursions and copper-resistant Psa by ensuring the industry is equipped with the necessary
tools and processes to manage their impacts. The findings highlighted a major lesson learnt
from Psa: failure to prepare for future threats can have devastating effects. Therefore,
Technical advisor commented that Psa “woke up” the industry to how vulnerable it is and
that there has been a shift in the mindset of actors to prepare for future threats.
Since Psa, the Marketing and Biosecurity bodies have focused a lot of their resources on
identifying and preparing for future biosecurity threats:
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... I think Psa is one of those big things that has opened their eyes to what can be a major disaster, what
you need to do to divert it, and what you need to do to manage it.
- Marketer 2 (Marketing body, interview)

For example, preparation of the industry for the insect pest Brown Marmorated Stink Bug
was frequently brought up during interviews:
... we have been pretty strong in biosecurity ... It won’t be as bad in New Zealand as it was [in Italy]
because we are ten to fifteen years ahead in terms of the science.
- Orchardist 4 (Orchard owner, Bay of Plenty, organic, interview)

Interestingly, Orchardist 1 noted a conflict between the Biosecurity Body (who is driving the
research direction) and the Marketing body (who is funding the research):
There is a little bit of tension there as to whether it should be [the Biosecurity Body] funding it rather
than [the Marketing body].
- Orchardist 1 (Orchard owner and spray contractor, Bay of Plenty, conventional, interview)

In fact, the difficulties created by internal industry politics were a major topic of discussion
throughout the interviews. While these findings show the industry is preparing for future
incursions that they are aware of, they still face threat from exogenous shocks that are
impossible or difficult to predict. Interestingly, the only mention of climate change was by
Orchardist 5: they had been at a meeting with the Marketing Body the morning of the
interview, where growers were asked what their number one challenge was for the future:
Everybody said, look out the window; it was the rain.
- Orchardist 5 (Orchard owner, Bay of Plenty, organic, interview)

Orchardist 5 went on to explain that the effects of climate change are already starting to
drastically affect their orchard management practices, which are being shifted up to three
weeks per year because of changes in weather.
Another area where the Marketing Body is taking a preactive approach is in their search for
alternative tools to control Psa. As previously mentioned, the industry has depended on
copper for Psa control:
... the industry is very good at trying to push or make sure growers used copper...
AgCo3 (Agchem company 3, interview)

As a consequence, a more virulent strain of Psa is developing and there is a significant risk of
copper resistance:
On the one hand we have resistance developing, but on the other hand we are losing options, which
means that resistance could develop faster ... with Psa and other bacterial diseases there is not a huge
number of products globally that fit that space ...
- Technical advisor (Agchem supplier, interview)
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Because the Marketing Body intends on copper being a “mainstay” in the spray programme
[Marketer 2, Marketing body, interview], they are now investing heavily in the search for
alternative tools, for example, the yeast-based biopesticide.
Overall, a large number of actors are demonstrating a preactive attitude towards change,
responding to both future opportunities (e.g. consumer demand for residue-free fruit and
market need for biopesticides) and threats (e.g. a shrinking P&D control toolkit, biosecurity
threats and copper resistance). While a preactive attitude is beneficial in these situations by
optimising the outcomes of opportunities and reducing the negative impacts of threats, there
is still risk around challenges which are impossible or difficult to identify (e.g. climate
change).
4.2.4 Proactive attitude towards change
A proactive attitude is also centred on future-focused behaviour and a positive attitude
towards change. However, while a preactive attitude involves identifying and responding to
discernible opportunities and threats, proactive actors aim to bring about change to create
future outcomes. Two themes emerged from the data which relate to a proactive attitude: 1)
Pioneering spirit, describing the behaviour of a group of actors who often engage in
experimentation, are eager for change towards more sustainable forms of P&D control, and
are driving the formation of a biopesticide market; and 2) Sandals and socks, which
describes the tension created between orchardists who experiment with new types of P&D
control and traditional orchardists who are resistant to change.
Proactive theme 1: Pioneering spirit
The theme of a pioneering spirit encapsulates the desire of some actors to experiment with
new forms of P&D control: demonstrating curiosity, enthusiasm, risk-taking, and
innovativeness. For instance, research organisations and NZ agrochemical companies have
been researching and developing biopesticides for over 30 years, even though there was a
lack of commercial opportunity. Discussions with BDM revealed that rather than being
driven by profit, a primary goal of the Research organisation is to encourage more sustainable
ways of controlling P&D:
Upmost care has been taken to ensure we are promoting practices that in the long-term are going to be
quite beneficial for the environment and anything that we can do. The revenue is kind of second.
- BDM (Research organisation, interview)
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An inclination towards exploring new ways of doing things also listed as a driver for the
Research organisation:
I found the whole area really quite exciting; both from a business perspective in terms of an emerging
market opportunity, but also from a science perspective in that you have so many different, quite novel
ways to tackle pests and diseases.
- BDM (Research organisation, interview)

In support of this comment, participants attributed the existence of a NZ biopesticide industry
to leading scientists who are “passionate about the product” and “interested in alternative
ways of doing things.” Interestingly, while AgCo interviewees explained they are primarily
motivated to grow their business and take advantage of commercial opportunities, they
commented that the current lack of adoption of biopesticides makes it hard to achieve a return
on investment. Consequently, NZ agrochemical companies are also motivated to “solve
problems for NZ farmers” by finding new and innovative solutions [AgCo2, Agchem
company 2, interview], and to enable the betterment of NZ.
Several Orchardist participants also showed a passion for experimentation and a long-term
vision for sustainability. For example, organic interviewees frequently brought up their desire
to preserve the orchard for future generations and reflected a sense of stewardship for the
land. Discussions around the behaviour of growers also revealed a group of pioneering
orchardists who demonstrate a hunger for learning and a positive attitude towards industry
change:
They have an insatiable appetite for new information ... which keeps the industry ticking over and
changing over time.
- Scientist 1 (Research organisation, interview)

In support of this comment, several Orchardist participants described how they donated a
section of their orchard for agrochemical companies to trial new biopesticide products:
There are some growers that really want biologicals to work and they are really proactive about trialling
them, taking them on, finding out how best to use them.
- BDM (Research organisation, interview)

Interestingly, it is generally larger growers who are involved in trialling biopesticides:
... it is definitely a space that more are operating in now. There is a massive grower over in Te Puke that
is almost nearly entirely biological-based. That is one extreme. But big players.
- Technical advisor (Agchem supplier, interview)

which is likely because they can more easily afford to sacrifice a small section of their
orchard for experimentation. AgCo1 added that a younger generation of growers entering the
industry is more interested in and receptive to progressive technologies like biopesticides:
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You find in the distribution network that the younger staff are far more attuned to biologicals than the
older ones ... it is a generational thing really.
- AgCo1 (Agchem company 1, interview)

The findings also revealed that this generation of growers tends to be more business-like in
their approach to orcharding, for example by engaging more in industry politics. However,
entry of new growers into the industry is hindered by the changing ownership structures,
which means people can own their orchards for longer. Furthermore, typical growers show an
inactive attitude and do not want involvement past the orchard gate (i.e. in the wider
industry):
I have always had a commercial out view that is greater than just the orchard, which in our industry is
not that common. A lot of the guys are solely focused on what happens on their orchard and once the
fruit leaves the orchard gate they don’t really care or don’t have any involvement passed there.
- Orchardist 1 (Orchard owner and spray contractor, Bay of Plenty, conventional, interview)

Therefore, the industry currently lacks the ability to attract and retain young people who are
enthusiastic about change and experimentation.
Preactive theme 2: Sandals and socks
The two prevailing attitudes among growers has cultivated an ‘us and them’ mentality. On
one hand, participants discussed the “niche” group of orchardists who show a proactive
attitude towards change, are more likely to be organic, and actively experiment with
alternative forms of P&D control. On the other hand, the more conservative traditionalist
group of growers are complacent with the status quo. Therefore, two stereotypes of growers
were reflected during interviews:
Figure 15 Stereotype of experimental vs traditional growers in the New Zealand kiwifruit industry

From wearing “sandals and socks,” to being “wacky” a “nutter” or a “greenie”: these are just
some of the connotations participants claimed are linked to people who use sustainable
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products (e.g. biopesticides) and practices (organic orcharding). Participants explained that
these stereotypes make it difficult to get “traction” when advocating for sustainable P&D
control solutions, reflecting the lack of legitimacy around biopesticides. Additionally, while
organic Orchardist participants acknowledged the humour of this stereotype, they also
appeared to resent being mocked by others. They made comments that they don’t feel like
Figure 16 Damage of kiwifruit cane caused by
cicada [Source: author]

they are taken seriously within the industry, which
makes them reluctant to share knowledge
and ideas. For example, chorus cicada and the
resulting sooty mould were identified as being one
of the biggest issues faced by growers, causing up
to 20-40% of crop loss which equates to $10
million a year [Field notes]. While participants
described how there are currently no organic or
natural control options for cicada, Orchardist 2 said
they use a biological control tool developed by a

small company in the Bay of Plenty:
I sweeten the leaf up, and what happens is the cicada comes and he chews the leaf ... I think if it eats too
much of the sugar it can ferment in its stomach.
- Orchardist 2 (Orchard owner, Bay of Plenty, conventional, interview)

When Orchardist 2 was asked whether they tell others in the industry about this kind of thing,
they commented:
Only if they are interested now. I used to be almost religious in my enthusiasm ... People were like shut
up ... And it is just like arrghhh.
- Orchardist 2 (interview)

The growl of frustration in Orchardist 2’s comment reflects the fact they are fed up with
being discouraged to think outside the box, which leads them to feel like an outsider in their
community. Interestingly, participants from each group of growers appeared to be “baffled”
[Orchardist 4, orchard owner, Bay of Plenty, organic, interview] by the inability of other
people to understand their way of thinking.
Although biopesticides have had limited penetration among conventional orchardists,
participants demonstrated a high level of optimism about their future uptake:
I think it has a really promising future ... It is going to be the answer to pest and disease control.
- BDM (Research organisation, interview)
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The assertive tone in BDM’s comment reflects their confidence that biocontrol will become a
major part of the P&D toolkit, which was supported by AgCo3’s claim that “the biological,
natural products will become the conventional.” Nevertheless, participants described the
magnitude of institutional and behavioural change required to achieve this vision:
... it is a long, hard road the biocontrol road.
- AgCo2 (Agchem company 2, interview)

Consequently, proactive actors have a crucial role to play in create this change:
We realised that we have to communicate and influence, and work with all of the other key influencers in
the network to see the product be taken up and have an impact.
- BDM (Research organisation, interview)

primarily because they have the curiosity, enthusiasm, passion for taking risks, and
innovativeness that is necessary to drive the uptake of biopesticides.
Overall, these findings suggest that a proactive attitude and innovation are related, in that
change-oriented behaviours are important for the functioning and implementation of
innovation. A proactive attitude was evident in the minority of actors within the engagement
network, including research organisations and agrochemical companies who have created a
biopesticide market, as well as a small group of experimental growers who are eager to
experiment with biopesticides. The findings suggest there is a need to break down the “us
and them” mentality among growers to encourage the sharing of knowledge about new P&D
control solutions. Furthermore, the prevalent inactive attitude within the industry means
proactive actors have a crucial role to play in driving future change within the innovation
system.

4.3 Chapter Summary
The findings revealed a complex network of 30 human and non-human actors who engage
with each other in the innovation of biopesticides for the NZ kiwifruit industry. Among the
set of 11 key actors, four types of attitude towards change were uncovered: reactive, inactive,
preactive, and proactive. Nine themes were used to explore the dispositions and behaviours of
actors that characterise each attitude, which not only helped to understand the activities of
actors in past and present situations but also gave an indication of how actors will respond to
change in the future.
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The uptake of biopesticides in the NZ kiwifruit industry has been poor to date because of the
predominant inactive attitude among actors. The majority of orchardists are content with the
status quo and happy with their current orchard management practices. Additionally, there
are inherent preconceptions around the efficacy, consistency, complexity, and legitimacy of
biocontrol, leading to ingrained institutional norms around the use of conventional pesticides.
While grower education and feedback is key to overcoming these barriers, it is prohibited by
the lack of extension services in NZ, which would help to facilitate the uptake of
biopesticides by 1) helping to understand and demonstrate how biopesticides work in
combination with products and practices; and 2) enabling feedback from end-users to be used
by research organisations and agrochemical companies.
Although the speed of change towards biocontrol has been slow, a revolution towards
residue-free fruit is being driven by legislation, the actions of consumers, and the changing
values of orchardists. The Marketing Body is inclined to meet these demands and is reducing
the use of conventional pesticides by orchardists, which in turn is driving market demand for
nil-residue products like biopesticides. While the Marketing Body is investing heavily to
support researchers and NZ agrochemical companies to develop new biopesticides, there is a
danger that the risk-averse nature of the Marketing body and their tendency to be preactive
will limit the inability of innovators to provide new remedies for old and new P&D.
Additionally, although a small group of experimental orchardists are driving innovative
solutions, incumbents marginalise and disempower this group through mockery (traditional
orchardists), lack of encouragement for orchardist-derived solutions (the Marketing Body),
and poor support for organics (NZ Government). The result of this is resentment and
hoarding of knowledge and solutions that have the potential to solve major industry
problems.
Fortunately, over the past 30 years other actors have been driven to develop biopesticides.
Researchers have developed working relationships with NZ agrochemical companies,
allowing biopesticides to become market-ready. Additionally, powerful multinational
agrochemical companies are beginning to show interest in biopesticides, reflecting the
momentum being built around biocontrol. In terms of the future uptake of biopesticides, the
findings showed that growers are willing to take risks and change their practices when other
options are not available.
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Overall, the findings have shown a number of factors at the macro, meso, and micro levels of
the innovation system which are impeding and facilitating the uptake of biopesticides:
Figure 17 Interplay of factors impeding and facilitating the uptake of biopesticides in the New Zealand kiwifruit industry

The next chapter will discuss the interplay of these factors in the context of the extant
literature.
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5.0 Discussion
The focus of this chapter is on integrating the empirical findings with two existing bodies of
literature: agricultural innovation systems (AIS) and actor engagement (AE). As AE theory is
still in its infancy and its role within AIS has yet to be empirically explored, the chapter will
discuss how the findings of this study support, contradict and extend current literature. In
doing so, it addresses the theoretical research question:
How do dispositional characteristics (motives, type of engagement, the level of
engagement expected, and valence) relate to actor disposition and the relational and
temporal properties of engagement within the context of an innovation system?
To address this question, the chapter is structured around the two major theoretical findings
of the research. Firstly, it demonstrates the dynamic, networked nature of engagement by
discussing the different types of actors in the present innovation system and their relevant
connections and social roles. Within this section, I also explore the collaborative nature of the
interactions between actors to provide empirical evidence for the three types of engagement
(behavioural, emotional and cognitive), to introduce three types of actor disposition
(individual, proxy and collective), and to explore the power of positive valence and the
alignment of motives in driving engagement. Secondly, by adopting an integrated AE and
AIS theoretical analysis, I challenge the micro-level focus of AE by highlighting the
inseparability of disposition and structure in driving engagement behaviour. In doing so, I
explore the interplay between the micro-, meso- and macro-level factors in the innovation
system which are impeding and facilitating a change towards biopesticides. This chapter
concludes by presenting an integrated framework (building on propositions from Storbacka et
al. (2016) to summarise the key theoretical and practical implications of this research.

5.1 The dynamics of engagement networks
Biopesticides have yet to be meaningfully incorporated into the set of tools used for P&D
control in the NZ kiwifruit industry. In contrast, the level of conventional pesticide usage has
not changed dramatically over the last two decades (Manktelow et al., 2005). These findings
echo trends in other NZ sectors (O’Callaghan et al., 2015) and worldwide (Barraat et al.,
2018). To understand the slow adoption of biopesticides, this study investigated the
behaviour of industry actors, providing insights into the dynamics of AE within AIS.
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5.1.1 Volume and variety of actors
As noted in the literature review, at the foundation of any innovation system is a set of actors
and their dyadic and multi-actor interactions (Lundvall, 1988), illustrated in the case findings
as a complex engagement network (See Figure 8) Most network actors are typical of those
found in other AIS studies, including research organisations, policymakers, growers and
consumers (e.g. Klerkx et al., 2010). However, one is unique to the NZ context: Māori iwi (a
community of indigenous peoples), who are heavily engaged in biopesticide research
programmes and in the public consolation phase of biopesticide registration. Iwi are a key
contributor of mātauranga Māori (traditional wisdom), and industry can learn a great deal by
working with them because of their unique perspective on preserving biodiversity and on the
importance of holistic, interconnected, and sustainable crop protection (Harmsworth &
Awatere, 2013). Moreover, while previous AIS studies place little focus on the private sector
and policymakers (e.g. Agwu, Dimelu, & Madukwe, 2008; Leitgeb, Funes-Monzote,
Kummer, & Vogl, 2011), this study identified the Marketing Body and international
regulatory bodies as central to coordinating change in the innovation system. While this case
study centres on P&D control solutions in a lucrative horticultural export industry (kiwifruit
in NZ), other AIS research is still very much focused on creating solutions for resource-poor
farmers in developing nations (e.g. Blazy et al., 2009; Blazy et al., 2010; Chauhan et al.,
2012; Franke et al., 2003). Therefore, oversight of private sector and policymakers may be
due to the residual adoption of a farming systems approach by researchers, and failure to
adopt an AIS multi-actor and multi-level lens. Unlike other studies, this research appreciates
the activities of various actors in the innovation system with the aim of generating
institutional change, for which private sector and policymakers are key.
This study also embraces the approach that technologies (i.e. biopesticides and conventional
pesticides) are integral actors in engagement activities, rather than outputs of innovation
systems (Edquist, 2005). As such, the study supports the claims of Storbacka et al. (2016)
that disposition to engage extends beyond the psychological state of humans to include the
conditioned agency of technologies. For instance, the creation of a biopesticide automatically
imbues the product with a purpose of controlling P&D in a more sustainable way, thereby
generating a predisposition to engage with growers who value the environment, human health
and change. Together, these findings support urgent calls to move away from the firmcustomer focus of engagement to appreciate the activities of all types of actors in an

82

innovation system (Jaakkola & Alexander, 2014b; Vargo & Lusch, 2008b). Consequently, I
draw industry’s attention to the importance of understanding and managing each actor in the
network based on their unique interests, values, and expectations; thus, emphasising the value
of this study, and highlighting the need for regular research into the innovation-related
attitudes of each actor. In addition, actor roles may occur concurrently (e.g. all actors are
consumers), creating additional complexity in the management of innovation systems.
5.1.2 Dynamism and evolution of networks
The engagement network in this study is dynamic and adaptive, meaning actors are capable
of freely innovating upon their connections to respond to continual and sporadic change. As
found in the findings of both Chandler and Lusch (2015) and Juric et al. (2016), actors enter
the network, engage at a particular level (i.e. individual, group, organisational or societal),
and at some point, disengage and exit the network. Gradual network evolution was observed
in the changing social roles of orchardists, which largely depended on their internal motives
(e.g. social or economic) and their expected level of engagement (e.g. desire to engage in
industry groups). However, it was also observed that changes in the network may be sporadic
and driven by exogenous shocks. For example, the network quickly reconfigured itself to
respond to Psa through 1) forming new actors (i.e. the Biosecurity Body); 2) strengthening
existing connections (e.g. increased face-to-face engagement between orchardists and
industry bodies through various knowledge sharing platforms); 3) creating new connections
(e.g. between the Marketing Body and NZ regulatory bodies to fast-track products); and 4)
the adoption of new social roles (e.g. funding mobilisation by the Marketing Body). From
these two examples, I propose a model showing the temporal and relational changes of AE in
response to internal and external drivers:
Figure 18 Reconfiguration of engagement networks in response to change
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The above model illustrates the relational and temporal properties of AE as posited by
Anderson et al. (1994) and Storbacka et al. (2016), whereby the types of actors and their
connections and social roles evolve over time in response to internal (e.g. motives and
expectations) and external (e.g. threats) changes. The model also highlights the likely
changes in the network needed to strengthen engagement with biopesticides. For example,
meaningful adoption will require a dynamic process of mutual learning to disseminate the
new forms of behaviour, skills and tacit knowledge required to use biopesticides successfully
(Geels, 2004). However, joint learning is currently impeded by agrochemical suppliers who
are reluctant to share information about their customers. Supporting the findings of Turner et
al. (2016), this was found to be due to protectionism over their role because of the high level
of knowledge already accumulated, and the fear of being bypassed by agrochemical
companies who could directly approach growers themselves. As tacit knowledge is harder
and slower to acquire than general knowledge (Winter & Nelson, 1982), its transfer will
require extensive face-to-face interactions and strong relationships between 1) technical
experts (e.g. NZ agrochemical companies and distributors, research organisations, and the
Marketing and Biosecurity bodies); 2) dominant users (e.g. orchardists, orchard managers
and spray contractors); and 3) experts and dominant users. Additionally, the urgent need for
creation of legitimacy around biopesticides necessitates the introduction of a new actor:
extension services.
5.1.3 Collaboration and shared intentionality
In both the AIS and AE literature, a high density of social ties in the core of a network is
believed to form the basis for interactive learning, collaboration, and value co-creation. For
instance, mutual interests, complementary skills, and knowledge sharing between research
organisations, NZ agrochemical companies, and the Marketing Body enable rapid
commercialisation of biopesticide products. Past successes have led to mutual trust and a
desire to collaborate in the future, supporting the claim that positive valence towards past
engagement is beneficial in shaping current and future disposition to engage (Chandler &
Lusch, 2015; Storbacka et al., 2016). Interestingly, these findings contradict those of
McEntee (2010), Morriss, Massey, Flett, Alpass, and Sligo (2006) and Turner et al. (2016),
who found a misalignment between the motives of research organisations and the private
sector in NZ AIS. Both these studies highlighted weak engagement between actors and the
inability to carry out key innovation system functions. The unique alignment of researchers
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and the private sector in this study may be the result of collaborative research programmes,
which bring together multiple research organisations and industry members to jointly set the
direction of research. Furthermore, the findings show that the Marketing Body acts as a
benevolent orchestrator by aligning the goals of multiple actors, facilitating the creation of
synergies, entrepreneurial activities, joint knowledge development and diffusion, and
collective guidance of the search. Thus, supporting Vargo and Lusch (2008b), innovation
intermediaries coalesce actors to enable the co-creation of value and keep the spirit of
innovation alive in the network.
Cohesive networks and shared intentionality serve as a strong driver for orchardists to
exchange knowledge and work together towards a common goal. For example, the
geographical closeness of actors in kiwifruit-growing regions fosters knowledge sharing
communities, allowing people to freely discuss their experiences, recommendations, and
warnings through face-to-face interactions and social networks. According to research around
the uptake of radical, sustainability-based technologies (e.g. Truffer, 2003), the disposition of
growers to engage with biopesticides will thus not only draw on personal experience, but also
that of relatives, friends, and neighbours. The effect of social influence on engagement
behaviour highlights the existence of deeply-rooted institutional norms, values, attitudes, and
beliefs in the system which influence behaviour. The motives of orchardists are further
aligned by the single-desk export structure, which promotes cohesion, reciprocity, trust,
shared practices, loyalty, and a sense of belonging to the group. Furthermore, it reduces the
capacity of growers to act on their own accord, for example by prescribing allowable P&D
control products. From these findings, I propose three types of actor disposition which have
also been described in theories of human agency by Bandura (1997). In addition, I offer
empirical evidence for the three types of engagement, as defined by Storbacka et al. (2016).
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Table 12 Types of actor engagement and actor disposition

Definition
Individual
Type of
disposition

Type of
engagement

Example from case

Individual actors acting on their own
behalf in matters they can directly
control

Decision of orchardist to engage with P&D
control product based on their individual goals,
experiences and expectations

Actors influencing others who have the
resources, knowledge and capacity to
act on their behalf to secure desired
outcomes

Marketing Body controlling engagement of
orchardists with P&D control products through
the spray programme

Collective

Disposition held by actors who share
common norms, attitudes, values and
beliefs and act as a group to produce
outcomes through collective action

Shared intention of orchardists to meet market
access requirements

Behavioural

The participation in engagement
activities with other actors

Personal relationships and knowledge sharing
among growers

Emotional

Emotions that an actor has towards
engaging with another actor

Growers acting in the best interest of the
kiwifruit brand because of a feeling of
collective ownership, trust, and loyalty

Cognitive

Any internal thought process or
projected thought an actor experiences
in relation to another actor

An orchardist’s appraisal of shared norms,
values, attitudes and beliefs when making
technology-use decisions

Proxy

The existence of individual-, proxy-, and collective-driven actor engagement at behavioural,
emotional, and cognitive levels has major practical implications for people trying to influence
change in the present AIS. For instance, Bandura (2009) claims that beliefs of personal and
collective disposition are the most powerful mechanisms of change, meaning that regardless
of the presence of external factors which serve to facilitate or impede engagement,
disposition to engage is dependent on an actor’s core belief they have the power to create
change through their actions. In theories of organisational behaviour (e.g. Bandura, 2009),
this is described as self-efficacy. As a result, enforcing changes in the behaviour of growers
through proxy mechanisms (e.g. the spray programme) will not necessarily influence the
attitudes of individuals. It is important to build attitudes that allow actors to remain dynamic
in a changing environment, for example, by fostering an experimental mindset, leveraging the
shared intentionality of growers to create momentum, and encouraging positive feelings and
preparedness towards change.
By adopting an integrative AE and AIS approach, the preceding discussion highlights
engagement’s networked and dynamic nature, thereby revealing the key importance of
dispositional (motives, type of engagement, the level of engagement expected, and valence)
and situational (institutions and power systems) mechanisms in shaping engagement. The
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following section discusses this further by consulting the macro-, meso-, and micro-level
factors which were found to impede and facilitate the uptake of biopesticides in the NZ
kiwifruit industry.

5.2 Dispositional and situational drivers of actor engagement
5.2.1 Systemic lock-in impeding biopesticide uptake
The findings highlight a systemic lock-in or path dependency whereby the existence of a
dominant and powerful technological trajectory in the industry (i.e. dependence on
conventional pesticides) makes it difficult to switch to another (i.e. the use of biopesticides)
(Dosi, 1982). In fact, several authors have highlighted the negative implications of lock-in
effects on shifting crop protection practices towards IPM (e.g. Cowan & Gunby, 1996;
Vanloqueren & Baret, 2009; Wilson & Tisdell, 2001). In the present study, lock-in effects
were observed at the micro (attitudes and motives), meso (lack of legitimacy, market
formation, and entrepreneurial activities) and macro (institutions and power inequalities)
levels.
The path-dependency originates at the individual level, where traditionalist kiwifruit growers
have a strong disposition to engage with conventional pesticides because they appeal to their
pragmatic nature, conform with a reactive P&D control approach, and allow them to maintain
the status quo. In contrast, biopesticides can be characterised as radical and disruptive
technologies that conflict with the inertia of growers to maintain current pest and disease
management practices. Supporting Marrone (2010) and Roep, Van Der Ploeg, and Wiskerke
(2003), research participants also considered biopesticides to be complex, non-efficacious,
unproven, and risky, thereby demonstrating an industry-wide lack of legitimacy at the mesolevel. According to Turner et al. (2016), this is a common systemic problem among NZ AIS
because the creation of legitimacy is not perceived as the role of the industry, reiterating the
need for extension services to demonstrate the value of biopesticides in a real-orchard setting,
and to promote them as part of a larger IPM programme. Furthermore, the changing
ownership structures of orchards means that buying power is held by actors who are driven
by short-term profitability, thereby making them more reluctant to engage with biopesticides
which offer long-term benefits around productivity (Altieri, 1995). Overall, actors show a
weak disposition to engage with biopesticides at an individual-level because they do not align
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with their attitudes, beliefs, and motives, and because it is difficult to simultaneously accept
the value proposition of both types of P&D control.
While dense networks and strong social ties were described earlier as being beneficial for
knowledge sharing and enhancing the capacity of networks to respond to change, they also
have negative manifestations in networks. For instance, embedded norms at the macro-level
play a role in generating and sustaining commitment to conventional pesticides. This finding
supports Chandler and Lusch (2015) in that institutions strengthen current engagement
behaviour leading to resistance to change. Institutions are reinforced in networks of growers
through social obligation mechanisms (Scott, 2001), seen in the shaming and mockery of
those who stray from the norm. Interestingly, Bikhchandani, Hirshleifer, and Welch (1992)
demonstrated that in networks with a strong gang or herd mentality, actors tend to weigh
external signals more than internal ones. Therefore, I challenge Storbacka et al.’s (2016)
contention of engagement as a micro-level concept, as agency-driven (micro-level)
engagement behaviour may be outweighed by strongly ingrained institutional norms (macrolevel). These findings highlight the need for the industry to cultivate norms around the use of
biopesticides to foster legitimacy and accelerate the rate of adoption.
Systemic lock-ins are further reinforced by the unrelenting power of industry groups with
vested interests, which has been found to create a major barrier to the transformation of
innovation systems towards sustainable solutions (Smink, Hekkert, & Negro, 2015). The
global crop protection market is monopolised by multinational agrochemical companies and
suppliers who are heavily reliant on pushing the sales of conventional pesticides. While
conventional pesticides have guaranteed uptake and therefore ensure short-term profitability,
there is significant behavioural change and risk associated with pushing the sales of
biopesticides as growers are hesitant to modify their current P&D control practices.
Consequently, multinational agrochemical companies and suppliers have been reluctant to
adopt the role of market formation. In support of Marrone (2010), this study also shows that
key industry bodies are reluctant to shift away from conventional pesticides. For instance, the
Marketing Body was described as being unsupportive of innovative growers because 1) they
believe it is their role to lead innovation, not growers; and 2) orchardist-derived solutions
create risk to market access. Similarly, the Biosecurity Body heavily pushes copper for Psa
control in fear of another devastating outbreak of Psa that would affect the profitability of the
industry. Interestingly, while these findings support the AE literature by demonstrating the
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strength of individual motives in driving engagement (Storbacka et al., 2016), they also
reiterate the power of proxy disposition. Thus, regulative institutions (power systems and
laws) give some actors the power to influence the engagement behaviour of others through
coercive mechanisms, thereby contributing to the path dependency.
5.2.2 Drivers of systems change
Sociological and institutional theory both contend that it is difficult for radical innovations to
break away from particular niches as long as institutions and corporate mindsets are stable
and aligned. However, Geels (2004) and Bergek et al. (2008) note that certain tensions and
mismatches can create ‘windows of opportunity’ for radical technologies to become widely
accepted. Shifting guidance of the search, a key innovation system function, is currently
being driven in the kiwifruit industry by an interplay of factors at the micro, meso and macro
levels (See Figure 17).
At the micro-level, change is being driven by the values, dispositions, and decisions of
independent actors, reflecting the articulation of demand by leading customers, as described
by Budde, Alkemade, and Weber (2012). The widespread awareness that pesticides are
harmful to human health and the environment is accelerating consumer demand for residuefree fruit. Marrone (2010) adds that this is being driven by an ageing, health-conscious
generation (i.e. ‘baby boomers’) who place value on products marketed as natural and
organic. As consumers have a strong disposition to engage with brands who fulfil these
needs, the kiwifruit industry is forced to reduce their use of conventional pesticides.
Sustainable values are also evident among orchardists, who show a weak disposition to
engage with conventional pesticides such as copper because they are perceived as being
harmful to soil and vine health. At the same time, the need for biopesticides is being driven
by technical bottlenecks (Lundvall, 1992; Rosenberg, 1976) associated with a lack of options
post-flowering, demand for products to control sooty mould, and the need for products to
extend the life of copper. While these examples illustrate the power of motives, values,
needs, and mindsets in creating micro-level demand for change, the study also highlights the
importance of risk-taking orchardists who are willing to create change. For example, a small
group of growers (typically organic) have been driven to innovate because of 1) a desire for
new knowledge and experimentation; and 2) because the current market does not meet their
social and environmental needs (e.g. lack of natural and organic products) or ideology
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(holistic principles). The World Bank (2012) claims that support from growers is imperative
for overcoming resistance to change and enabling the transformation of an industry.
Therefore, industry should actively engage with these growers to co-develop biopesticide
solutions.
The search for alternative methods of P&D control is also being driven by macro-level policy
and regulatory pressures (Lundvall, 1992), as well as actors taking advantage of the resulting
market opportunities (Breschi et al., 2000). For example, international regulatory bodies are
introducing legislation (e.g. the Sustainable Use Directive) to minimise pesticide usage and
encourage the adoption of alternative forms of P&D control such as IPM. The findings of
Lundvall (1992) show that when standards are formulated in terms of products and process
specifications, they give clear guidance to actors. Therefore, this type of regulation has more
narrow, bounded effects on the direction of a system. International regulatory bodies are
currently conveying to the Marketing Body exactly what compounds they need to exclude
from their spray programme, which in turn guides the search for biopesticides to fill gaps in
the set of available tools. Thus, policy and regulatory pressures are indirectly having a strong
influence on the direction of research in the industry. The shift towards the use of
biopesticides is also being accelerated by competitive games between firms. The findings of
this study showed that the biopesticide market is now at a tipping point: while biopesticides
have yet to achieve market penetration, powerful multinational agrochemical companies are
recognising the important role they will play in the future of P&D control. Interestingly,
while Marrone (2010) shows that smaller biopesticide companies struggle to achieve sales
because of the highly competitive, capital-intensive marketplace, in contrast, the NZ
agrochemical companies in this study are actually at an advantage owing to close connections
with research organisations and industry bodies who can influence uptake. Additionally, they
are better able to tailor products to the needs of NZ growers as well as design and trial
biopesticides the conditions in which they will be used, which allows better efficacy.
According to Grin, Rotmans, and Schot (2010), as companies watch and react to each other’s
strategic moves, “domino” and “bandwagon” effects lead to accelerated development and
uptake of new sustainable technologies like biopesticides. Consequently, the innovation of
new biopesticide products in NZ is likely to keep pace with the rate of increasing demand.
The preceding section discussed the importance of both dispositional (motives, type of
engagement, the level of engagement expected, and valence) and situational (institutions and
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power systems) mechanisms in shaping engagement and driving change in an innovation
system. While in the past the uptake of biopesticides has been low due to a systemic lock-in,
pressures at the micro and macro levels are facilitating a change in the kiwifruit industry
towards biopesticides.

5.4 Chapter summary
This research contributes to the nascent theory on AE by being the first study to empirically
explore how disposition and the temporal and relational characteristics of engagement relate
to an actors motives for engagement, the level of engagement expected, type of engagement,
and valence, thereby responding to calls by Storbacka et al. (2016). To the best of my
knowledge, this study also marks the first empirical attempt to apply a systemic lens to AE by
investigating its role within AIS; thus, contributing valuable knowledge to both spheres of
literature.
From the empirical insights gained in this study, I have refined the initial conceptual model
by Storbacka et al. (2016) (See Figure 6) to arrive at a final framework showing AE as a
microfoundation for AIS:
Figure 19 Revised model of AE as a microfoundation for AIS
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The final framework illustrates the various levels and components of AIS, including the
micro-level (dispositional characteristics, actor dispositions, and actor connections), mesolevel (innovation system structures and functions), and macro-level (context and value cocreation). In particular, the green text and arrows show the contributions of this research to
Storbacka et al.’s (2016) model, highlighting the complexity and interconnectedness of the
components and levels of AIS in relation to the micro-level process of AE. The addition of
double-sided arrows also illustrates the iterative nature of engagement, whereby the
perceived outcomes of engagement shape both the context and disposition for the next
interaction. The additions made to this model through the discussion of the findings are
summarised in the following.
This chapter began by highlighting the complexity of AE within AIS, showing engagement
as a multi-actor construct occurring between both humans and technologies (Storbacka et al.,
2016) at multiple levels (Chandler & Lusch, 2015; Juric et al., 2016). By exploring the
dispositions and engagement behaviours of all actors involved in the shift of the NZ kiwifruit
towards biopesticides, this study reinforces the urgent need to abandon the dyadic, firmcustomer focus of engagement (Jaakkola & Alexander, 2014b; Vargo & Lusch, 2008b).
Exploring the complexity of actors and their various roles in this study also has major
practical implications for industry, showing they must manage each actor based on their
unique interests, values, and expectations. Furthermore, the research highlights the
importance of conducting regular research into the innovation-related attitudes of different
actors to understand the systems’ capacity to respond to change.
The dynamic, networked nature of engagement implies the configurations and social roles of
actors evolve over time (Anderson et al., 1994; Storbacka et al., 2016). However, change in
an engagement network may require targeted stimuli to initiate and increase engagement,
both internal (e.g. change in motives and expectations) and external (e.g. exogenous shocks).
Understanding the temporal changes of the engagement network in response to a past
exogenous shock (i.e. Psa) provided valuable insights into the capacity of the NZ kiwifruit
industry to respond to a global shift away from conventional pesticides. For example,
meaningful adoption of biopesticides will require increased engagement between technical
experts and dominant users to facilitate new forms of behaviour, skills, and tacit knowledge
(Geels, 2004). Furthermore, the reintroduction of extension services into NZ is crucial to
enable the creation of legitimacy around biopesticides and facilitate joint learning.
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The collaborative nature of relationships in the present innovation system demonstrates the
power of positive valence (towards the past, present, and future) and the alignment of
motives in strengthening engagement (Chandler & Lusch, 2015; Storbacka et al., 2016).
However, this study challenges Storbacka et al.’s (2016) contention of engagement as a
micro-level concept, as agency-driven (micro-level) engagement behaviour may be
outweighed by strongly ingrained institutions and power inequalities (macro-level). For
instance, the shift of the kiwifruit industry towards biopesticides is hindered by a path
dependency on the use of conventional pesticides. The path dependency is driven by 1) a
widespread belief that biopesticides are complex, non-efficacious, unproven, and risky; 2) the
use of social obligation mechanisms to outcast individuals who desire change (Scott, 2001);
and 3) lack of push for change by powerful industry groups because of vested interests
(Smink et al., 2015). On the other hand, a shift towards biopesticides is now being driven by
both micro-level (i.e. the changing motives, values, mindsets, and needs of consumers and
growers) and macro-level (i.e. changes in policy and markets) pressures. From these findings,
the study has extended the understanding of actor disposition (Chandler & Lusch, 2015;
Storbacka et al., 2016) to include three types: individual, proxy and collective. From this, the
role of AE within AIS can be reconceptualised as: The interactions of all actors in a
behavioural, emotional and cognitive state, driven by dispositional- (e.g. motives, level of
engagement expected and valence) and situational- (e.g. institutions, power inequalities and
legislation) context. This reconceptualisation has major practical implications for industry,
highlighting the importance of creating change in the system through proxy, macro-level
drivers (e.g. legislation and compliance programmes) as well as individual and collective,
micro-level mechanisms (e.g. fostering an experimental mind-set, leveraging the shared
intentionality of growers, and encouraging positive feelings and preparedness towards
change).
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6.0 Conclusions and Implications
The following chapter has four purposes: 1) summarising the findings in relation to the
research questions; 2) discussing the implications for theory and industry; 3) addressing
limitations encountered throughout the study; and 4) suggesting areas for future research.

6.1 Addressing the research questions
This study set out to address three research questions, each related to the practical and
theoretical research aims:
Table 13 Study research aims and questions

Research Aim
Practical: To understand the poor
uptake of biopesticides in the New
Zealand kiwifruit industry

Research Questions
•

the New Zealand kiwifruit industry?
•

AE within AIS

What capacity does the system have to respond to a shift towards
biopesticides?

•
Theoretical: To understand the role of

What factors are impeding or facilitating the uptake of biopesticides in

How do dispositional characteristics (motives, type of engagement, the
level of engagement expected, and valence) relate to actor disposition
and the relational and temporal properties of engagement within the
context of an innovation system?

Factors impeding and facilitating uptake
To date, the uptake of biopesticides in the NZ kiwifruit industry has been hindered by
systemic lock-in, fuelled by 1) ingrained social norms of using conventional pesticides; 2)
widespread resistance to change and desire to maintain current P&D management practices;
3) a widespread industry belief that biopesticides are complex, non-efficacious, unproven,
and risky, leading to lack of legitimacy; and 4) the continual push to use conventional
pesticides by powerful industry groups with vested interests. However, tensions at multiple
levels in the innovation system are accelerating the innovation of new biopesticide products
and facilitating their uptake. Change is being driven by three bottom-up pressures: consumer
demand for residue-free fruit, orchardists placing increased value on soil and vine health, and
the need for residue-free products like biopesticides to fill gaps in the available set of control
tools. Top-down pressures are also at play, comprising regulatory and compliance system
pressures to reduce the use of conventional pesticides, and companies taking advantage of the
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strategic opportunities created by the market need for biopesticides.
Capacity to respond to change
The network demonstrated the ability to reconfigure the connections and social roles of actors
in response to problem-solving and value co-creation opportunities, reflecting the capacity to
adapt to changes in P&D control. Additionally, the Marketing Body as an innovation
intermediary creates synergies between itself, research organisations, and NZ agrochemical
companies; this enables collaboration, value co-creation, and the ability to efficiently bring
biopesticide products to market. A strong sense of community and shared intentionality
(rather than competition) among orchardists drive cohesion, reciprocity, trust, shared
practices, loyalty, and a sense of belonging to the group, which together enhance the capacity
of the network to work together towards a common goal.
Overall, the findings demonstrated a positive outlook for the future uptake of biopesticides in
the NZ kiwifruit industry. Several factors are leading to a shift away from conventional
pesticides, which is creating the necessary drive or need for actors to change towards
alternative forms of P&D control. However, because of the institutional, attitudinal, and
behavioural change needed to shift to using biopesticides, several changes are needed in the
network. The formation of new connections (e.g. between technical experts, among dominant
users, and between experts and users) will enable a dynamic process of mutual adaptation and
feedback of knowledge. Additionally, the study suggests that engagement behaviour in
networks is driven both by dispositional- (internal) and situational- (external) context.
Therefore, while change may be accelerated by the introduction of new legislation (e.g. the
Sustainable Use Directive) and compliance systems (e.g. removal of conventional pesticides
from the Marketing Body spray programme), macro-level outcomes can never be fully
designed or controlled. It is crucial to provide flexible support instruments to allow ongoing
dynamism in the network (e.g. by fostering an experimental mindset and encouraging
positive feelings and preparedness towards change), allowing the players to increase the odds
of desired outcomes and decrease the impact of those that are less favourable.
Dispositional characteristics and engagement
The findings revealed that engagement behaviour driven by actors’ internal motives, the level
of engagement expected, valence, self-efficacy, and values, and beliefs. These characteristics
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were found to play a strong role in shaping the configurations and social roles of actors,
reflecting the relational properties of engagement. In terms of the temporal properties of
engagement, the motives and type of engagement play a strong role in determining the
duration, regularity, and frequency of interactions. The relational properties of engagement
are also influenced by the level of engagement expected, which plays a role in shaping the
disposition of actors to engage with others. An actor’s valence towards past engagement
activities will drive their current and future disposition to engage with other actors. The
findings provided empirical evidence for the three types of actor engagement (behavioural,
cognitive and emotional), as well as the conceptualised three types of actor disposition
(individual, collective and proxy). However, the study revealed that contextual factors, both
institutional (e.g. norms, attitudes, values and beliefs) and regulative (e.g. legislation and
power inequalities) have an equal, if not stronger, role in shaping behaviour.

6.2 Implications for research
Implications for theory
This research provides a comprehensive review of agricultural innovation theory, which has
evolved over the last 70 years from a technology-centric, linear approach to embracing a
multi-actor, systems perspective. Because of the numerous drawbacks of previous approaches
(Klerkx et al., 2012), this study adopted an AIS lens to appreciate the activities of all actors
and their multi-level relationships, as well as the contextual environment that shapes their
interactions (Hall et al., 2003; World Bank, 2006).
However, because AIS can be extremely difficult to investigate empirically and research
often lacks strategic and organisational relevance (Storbacka et al., 2016), this study used AE
theory to provide deeper theoretical explanations of how actors create, mobilise, and
exchange resources at the micro-level of AIS. The marriage of AE theory and an innovation
systems approach in this study provided an invaluable tool for gaining both depth and breadth
in order to understand a complex problem. Given the diversity of actors involved in
engagement activities, this research supports the calls of Jaakkola and Alexander (2014a) and
Chandler and Lusch (2015) to extend the notion of engagement to appreciate the activities of
all types of actors present in an innovation system. Furthermore, this study is the first to
empirically explore the role of AE within AIS, thereby making a significant contribution to
the understanding of the dynamics of engagement. In particular, it responds to calls by
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Storbacka et al. (2016) to investigate how dispositional characteristics (the type of
engagement, motives, valence, and level of engagement expected) relate to actor disposition
and the relational and temporal properties of engagement. In doing so, this research helps to
lay the conceptual foundations necessary for further study.
Implications for industry
The findings from this study provide three valuable recommendations for stakeholders in the
kiwifruit and biopesticide industries, which will help to facilitate the shift towards
biopesticide usage. The recommendations have particular relevance for actors who have the
power to influence change in the system, namely research organisations, NZ agrochemical
companies, agrochemical suppliers, the NZ Government, and the Marketing Body.
Firstly, the adoption of systems thinking has shown that a shift towards biopesticide use
cannot be achieved through the activities of single actors. Significant joint-learning is
required. In particular, because the use of biopesticides requires translation of science into
practical understanding, research organisations like Plant & Food Research have a key role to
play in working with growers to gain the necessary knowledge to use biopesticides well.
Additionally, research organisations, NZ agrochemical companies, agrochemical suppliers,
and the Marketing Body need to collaborate to create legitimacy around biopesticides,
working with growers to identify and demonstrate how they can be used effectively in an
IPM programme. The re-introduction of extension services to NZ will provide a platform to
facilitate engagement between these actors. In particular, extension science is essential to
establish legitimacy and facilitate the learning and behavioural change associated with
biopesticides, as well as to overcome preconceptions around their efficacy and complexity.
Secondly, kiwifruit growers are the ultimate source of knowledge when it comes to P&D
control and they have a crucial role to play in the co-creation of biopesticides. While some
orchardists in this study demonstrated their willingness to be involved in the development of
new biopesticides, they feel as though they have been discouraged to innovate in the past.
Therefore, the Marketing Body should openly show their support for orchardist-derived
solutions, and (along with research organisations) need to initiate the relationship with
growers. The findings also revealed a strong feeling of community among orchardists.
Drawing on this social capital, there is an opportunity to foster a positive attitude towards
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change and to encourage, inspire, and incentivise growers to experiment with biopesticides. It
is important to ensure growers feel they are co-creating change, rather than feeling that
change is being forced upon them; and to demonstrate the benefits of biopesticides to the
industry. Collaborative workshops or forums where growers and industry members can
openly discuss the inevitable change towards biopesticides may facilitate the sharing of ideas.
Additionally, the Marketing Body should publicise their shift away from conventional
pesticides, which will not only create momentum but also foster the “clean and green” image
of the industry.
Lastly, policy interventions have been the focus of solutions to overcome the barriers to
adoption of biopesticides (Marrone, 2010). This study suggests that institutionalisation (i.e.
the changing of norms) is key to break away from the dependence on conventional pesticides
and to facilitate the creation of an industry norm around the use of biopesticides. However,
there is currently polarisation of growers in the kiwifruit industry, and those who experiment
with alternative forms of P&D control are stigmatised. Therefore, there is a need for effective
leadership to drive institutional change. According to leadership theory, although these early
adopters have the courage to stand out and be ridiculed in order to initiate change, it is the
first followers of these leaders that are crucial. First followers show others how to follow and
lower the risk for them to participate (Sivers, 2010). Therefore, future research into the social
networks of NZ orchardists is necessary to identify opinion leaders. Additionally, ensuring
the use of biopesticides by the followers is publicised will be instrumental in accelerating the
movement and encouraging others to join in. By demonstrating their ability to move towards
using biopesticides, the kiwifruit industry can demonstrate leadership in uniting industries to
create positive change.

6.3 Limitations
This study has two limitations. Firstly, an intensive, single case-study design was adopted to
gain rich data relating to the covert thoughts, feelings, and behaviours of actors in the NZ
kiwifruit sector. Therefore, the findings may not be generalisable to other agricultural
industries or to other innovation systems. Secondly, participants were purposefully selected
because of their central role in the engagement network, which enabled an expert and
representative perspective of the innovation system. In addition, five of the six Orchardist
participants were identified using a snowballing approach (i.e. through industry contacts),
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meaning the sample of orchardists was predominantly those having a high engagement in the
wider industry, and hence are likely to be industry opinion leaders. Further research is
required to assess whether the attitudes and behaviours of orchardists in this study are
representative of all orchardists in the NZ kiwifruit industry.

6.4 Future research
Most publicly accessible information about the use of agrochemicals in the NZ kiwifruit
industry is outdated (e.g. Manktelow et al., 2005), incomplete (e.g. Zespri, 2014), or has been
created by industry and therefore has the risk of bias (e.g. Ward, 2016). Agrochemical
companies are unwilling to openly share information about their customers, leading to a
major gap in knowledge about the current uptake of biopesticides. There is a clear need to
survey the use of P&D control products in the kiwifruit industry to provide a reliable
understanding of current usage, to benchmark current practices, and to better understand the
extent of change required.
While this study helps to understand the impact of an actors’ motives, type of engagement,
level of engagement expected, and valence on engagement behaviour, there is a need to gain
a deeper understanding of the conceptual foundations of each characteristic. The field of
actor engagement is developing rapidly: as this thesis went to print, a conceptual paper (Li et
al., 2018) was published, exploring the key dimensions of valence in AE. As the exploration
of AE and actor disposition is still in its infancy, researchers would benefit from drawing on
parallel concepts within sociology and psychology literature, including models of human
agency and theories of planned behaviour such as dispositional attribution.
This research adopted an interdisciplinary approach, moving beyond marketing/management
studies and seeking insights from a range of disciplines including sociology, policy, and
psychology, as well as biology, agricultural science, and all aspects of commercialisation and
innovation. Inter-disciplinary research into complex systems requires intuition and feeling as
well as logic, i.e. synchronised use of both sides of the brain. Future research around complex
sustainability-based problems require researchers to adopt systems thinking and a multidisciplinary approach.
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Appendices
Appendix 1 Interview schedule example
What sparked your interest to work in pest and disease control?
- What does your work involve?
Show diagram of engagement network
Thinking about this network, what is your organisation’s role around the innovation of
biopesticides?
- What are the motives of your organisation for being involved in biopesticides?
- What does your organisation manage well with around biopesticides?
- What do you think is hard to manage?
Can you describe the interactions your organisation has with different groups in the network?
- How do you feel about interacting with that group?
Can you describe the roles of other actors in the network and their interactions?
What do you think this network currently does well?
- What allows them to do that well?
What do you think this network doesn’t do so well?
- What do you think is leading to that?
- What could be done to overcome that problem?
Is there anything you would add to this diagram?
What involvement does your organisation want to have in the future innovation of
biopesticides?
- How do you think this could be achieved?
- What are the main constraints in achieving this?
- What do you think could be done to address these constraints?
What is your vision for the future of pest and disease control in the New Zealand kiwifruit
industry?
- How do you think this vision could be achieved?
- What are the main constraints in achieving this?
- What do you think could be done to address these constraints?
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Appendix 2 Coding framework
Examples of codes

Categories

“Everyone freaked out... “

Industry cycle of grief

“... money gets thrown at problems.”

High investment

“... some of it was allowed but unproven”

Risks to manage Psa

“... we are told by [the Biosecurity Body] to throw
copper on like rain ...”

Dependence on copper for
Psa control

“... if you have a significant infection event coming ...
you are going to go for [the conventional pesticide].”

Pragmatism

“... there was a wee bit of luck involved ...”

New cultivar saved the
industry

“... good old days ...”

Passive investment

“It is very much a passive investment for lots of
people ... management companies do everything for
you ... “

Changing ownership
structures

Orchardist 4 same tools for 20 years

Belief there are enough tools

“They say it is at our own risk ...”

Risk-averse Marketing Body

“... the efficacy is not as good ...”

Lack of legitimacy around
biopesticides

“... we are looking at them as part of a programme ...”

Use of biopesticides in IPM

“... you need to have good relationships with the
distributors so that you get the feedback ...”

Barrier to IPM- no extension
services

“... environmental issues come to the forefront ...”

Environment & health

Sainsbury’s and Tesco creating MRLs and spray
programmes

Supermarket push for less
pesticides

Sustainable Use Directive

Regulatory restrictions

“I don’t really think anyone likes copper that much ...”

Orchardists value soil &
orchard health

“... we are wanting to use less chemicals ...”

Marketing Body options

“... members of the organic industry in New Zealand
have been battling away from years ...”

Organic market

“There is a lot of opportunities for unique and novel
solutions for New Zealand agriculture ... “

Agrochemical companies
investing in biopesticides

“... we have been pretty strong in biosecurity ...”

Biosecurity Body preparing
for possible future P&D
incursions

“On the one hand we have resistance developing, but
on the other hand we are losing options ...”

Emerging Psa resistance to
copper

“... in the long-term are going to be quite beneficial for
the environment ...”

Research organisation
leading biopesticide market

“... There is a massive grower over in Te Puke that is
almost nearly entirely biological-based ...“

Experimental orchardists

“Sandals and socks” vs “set in their ways”

Stereotypes of orchardists

“... I used to be almost religious in my enthusiasm ...”

Reluctance to share
information

“... it is a long, hard road the biocontrol road.”

Future of biopesticides
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Themes

Typology

Desperate times

Reactive

Hard and fast
chemicals

The gravy train

Inactive

“Don’t fix what ain’t
broke”
Unrealistic
expectations

The industry shift
towards
biopesticides

Preactive

Belt and braces

Pioneering spirit

Sandals and socks

Proactive

Appendix 3 Multi-actor networks
Engagement network

Description of social roles during interaction
An orchardist (also known as a grower) is someone who owns, manages, or
cultivates an orchard. Some orchardists will hire an orchard manager to carry
out tasks, such as managing labour and finance. Some orchardists and orchard
managers work closely together to run the orchard, while for others their
orchard is a passive investment their manager is their “eyes and ears.”
Orchardists must control pests and diseases, which is primarily done through
spraying conventional pesticides and biopesticides. Some orchardists hire a
contractor to monitor pests and diseases levels another to purchase and apply
sprays.
The kiwifruit industry in NZ is collaborative because all orchardists’ fruit is
mixed and sold under the marketing Body brand, therefore, orchardists
frequently share knowledge with each other, e.g. what products to use for pest
and disease control. Some orchardists also form local growers’ groups in their
community and have casual meetings to share knowledge.
The Grower Body acts as a growers’ union and advocate on behalf of all
growers, not just those associated with the Marketing Body; in terms of dealing
with local government and councils, the Marketing Body, and packhouses.

The Biosecurity Body is responsible for overseeing all research in the industry
around Psa and future pest and disease incursions. This involves collaborating
on research programmes with the Marketing Body and research organisations.
They also provide technical advice around pests and diseases to growers
through regular newsletters and their website.
A supply entity is a Limited Liability Company (or Trust) that orchardists
contract to supply their fruit, who in turn signs a supply agreement with the
Marketing Body. The Supply entity negotiates with a packhouse for the
collection, storage and distribution of kiwifruit; as well as equity distribution to
orchardists. They have varied levels of responsibility; some own and manage
orchards themselves, while others contract growers to provide them with fruit.
They may also provide technical advice and spray programmes to growers.
The Marketing Body is a grower cooperative that is responsible for overseeing
biosecurity, crop protection, orchard productivity, market access and food
safety in the kiwifruit industry.
Research organisations are responsible for research and development of
biopesticides. A lot of this research is funded by the Marketing Body; therefore,
they also develop new kiwifruit cultivars. The research organisation generally
licences the technology to a NZ agrochemical (agchem) company and work
with them to answer key commercial questions, e.g. what needs to be done to
get a product to market. The agrochemical company is then responsible for
formulating, registering and marketing the product; which is usually produced
offshore by a manufacturer.
As well as marketing products developed in NZ, agchem companies may
import existing products from overseas and develop them for NZ conditions.
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Majority of biopesticides and conventional pesticides are sold to agchem
suppliers, who then on-sell them to orchardists and spray contractors. As well
as being retailers, some have an internal R&D team responsible for trialling
products; or importing products, testing, developing and registering them, and
selling them in-house. They may also have an advisory role by providing
technical advice to customers, e.g. through spray programmes.
During the development of biopesticides, regulatory bodies are responsible for
the approving them for sale; which involves assessing efficacy, environmental
impact, and health and safety. During this process, Iwi and the public are
consulted.
International regulatory bodies are responsible for setting maximum residue
levels (MRLs) and dictating what products can be used on imported crops;
which the Marketing Body must adhere to. This then influences what
orchardists are allowed to use.
Consumers individually purchase kiwifruit through kiwifruit retailers (such as
supermarkets). Collectively, they also create consumer demand, e.g. for
residue-free fruit, which kiwifruit retailers must meet. They then set MRLs and
dictate what products can be used by orchardists.
Labourers are hired by orchardists and packhouses to do labour.

Pollinators are contracted by orchardists to pollinate their kiwifruit.
Advise individual growers on finance, pruning, vine management, spraying etc.
Research organisations work closely together to ensure what they are doing
aligns with each other’s research programmes. They often collaborate on
research programmes to combine their capabilities.
Both the Marketing Body and public agchem companies have shareholders
who provide investment and make decisions.

The agrochemical manufacturers association act as an advocate for
manufacturers and suppliers of agrochemicals through interactions with local
government and councils and NZ regulatory bodies.

The organic growers’ association is an industry body that looks after the
interests of organic growers, e.g. they may lobby the marketing body for
funding to trial products in organic orchards.
Testing labs are contracted by the Marketing Body and packhouses to test fruit
for residues.
The port is responsible for managing all fruit leaving and coming into NZ,
therefore they also play a role in biosecurity and preventing new pest and
disease incursions.
Organic certifiers are hired by the Marketing Body to audit and certify organic
orchards.
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