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Abstract: Herbicide resistance is increasingly recognised as a challenge for agricultural producers
worldwide. International scholarship and practical experiences suggest that collective efforts by di-
verse agricultural stakeholders are crucial for effective resistance management. In New Zealand, such
sector-wide initiatives and strategies remain fragmented, partly due to a lack of state coordination
and national extension services. This article synthesises insights from three complementary social
research methods involving actors across the country’s arable-crop-growing sector (focus groups,
semi-structured interviews, and an industry workshop) to identify pathways to foster collaboration
and more strategic resistance management. The presented findings detail challenges, opportunities,
and potential actions across four domains: strengths and weaknesses of New Zealand’s farming
context, better information and knowledge exchange, improved collaboration and coordination, and
targeted education and training. Our analysis highlights that most opportunities described within
these domains involve purposely strengthening existing, or forming new, social and institutional
relationships as part of establishing resistance management as a shared sector responsibility. A
portfolio of multipronged initiatives and programmes is then required for effective whole-industry
strategies. We discuss potential next steps to collectively realise identified opportunities, from more
immediately feasible steps to long-term activities. These insights conceptually contribute to the
international scholarship on herbicide resistance by reinforcing the notion that industry leadership
and meaningful farmer involvement are indispensable for more collaborative approaches aimed at
strategically managing resistance.

Keywords: collective action; collaboration; coordination; social dimensions; shared responsibility;
farm systems thinking; integrated weed management

1. Introduction: Herbicide Resistance in New Zealand

Synthetic herbicides that inhibit a range of biological processes within target plants
were first commercially released in the 1940s. Since then, they have been instrumental
in enhancing agricultural productivity across farm systems worldwide by simplifying
effective weed control. With the increasing use of herbicides, however, a growing number of
instances have emerged where target plants are no longer susceptible to specific herbicides.
The development of herbicide resistance (HR) in prominent weed species poses significant
problems for agricultural producers, as it can lead to additional costs for alternative weed
management, substantial yield loss, or reduction in revenue [1-3]. Detected instances of
HR have risen sharply over the last decades, with cases now recorded in at least 267 weed
species in 72 countries [4]. This makes HR a global challenge that national governments,
industry bodies, and farmers seek to address with a growing sense of urgency.

First instances of HR were discovered in New Zealand in the late 1970s in Chenopodium
album (fathen) populations in maize fields. Until the late 1990s, a small number of addi-
tional cases of resistant weed species were found in arable cropping and pastoral systems [5],
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but HR was not regarded as a significant issue. This lack of concern could be attributed to
the modest size of the country’s arable sector, the availability of diverse crop and livestock
rotation options helping growers manage resistance, and resistant weeds not causing major
challenges in pastoral systems. Over the last two decades, however, the number of discov-
ered cases has increased more rapidly and almost quadrupled. HR weed populations are
now also found in vineyards, turf, and horticultural crops [1,4-7]. This suggests resistance
is an emerging challenge for New Zealand'’s agricultural sector.

Despite resistance being detected in a variety of farm systems, HR poses the biggest
problem for New Zealand'’s arable farmers who may face substantial yield reduction,
revenue losses, and additional weed management costs [1-3]. This includes maize growers
on the country’s North Island and farmers in the main grain cropping region across
the Canterbury plains on the South Island. Weed surveys in two maize growing areas
indicate that 32-58 per cent of farms are likely to have HR in either Chenopodium album
(fathen) and/or Digitaria sanguinalis (summer grass) [8]. In Canterbury, resistance has
been detected in Lolium perenne (perennial ryegrass), Avena fatua (common wild oats),
and Lolium multiflorum (Italian ryegrass) [5,9-11]. A randomised survey of 20 per cent of
cropping farms in one Canterbury district identified HR ryegrass on roughly one-third of
sampled paddocks, as well as resistance in several other weed species [7,12]. These surveys
indicate that HR is already prevalent across New Zealand’s agriculture, creating a growing
need for effective management.

Core management recommendations usually involve three overarching themes: diver-
sifying weed control methods, including non-chemical methods (e.g., cultivation); rotating
and mixing herbicides with different modes of action; and routinely monitoring pad-
docks after herbicide applications, so that surviving weed populations can be detected
and removed before they set seed. Despite these recommendations being relatively well
established, weed scientists and rural professionals worldwide still frequently lament what
is perceived as inadequate strategic HR management across the agricultural sector [13,14].
These concerns have led to calls for more collective approaches among growers and their
support networks, the crop protection industry, and research, science, and innovation
professionals. While attempts to mobilise such collective action have occurred sporadically
in many countries and regions where HR is recognised as a sector challenge, collaboration
efforts often remain fragmented and are yet to amount to broader industry strategies, includ-
ing across New Zealand. This paper contributes to the growing international scholarship
investigating how to foster more collaborative HR management by analysing opportunities
and barriers for corresponding efforts in Canterbury, New Zealand.

2. Collaboration in Herbicide Resistance Management

With instances of HR continuing to increase across agricultural systems worldwide,
similar challenges have been noted around the uptake of best practice herbicide use recom-
mendations and corresponding extension efforts to support integrated weed management
(IWM) practices among farmers in many countries [15,16]. This prompted targeted investi-
gations into the human dimensions of weed and HR management [17,18]. Research findings
demonstrate that herbicide decisions are influenced by a range of factors related to farmers’
personal circumstances, their sociocultural context, as well as farm and agricultural system
characteristics. These factors cover psychological, sociocultural, economic, technical, and
biophysical aspects that affect herbicide practices and, in doing so, create interdependencies
that can hinder the implementation of best practice guidelines [14,19-24].

Building on these insights, scholars suggest that shifting farmers’ weed management
practices requires a suite of behavioural preconditions, such as raising awareness and
altering attitudes, building knowledge of management options, and encouraging long-term
thinking. At the same time, lacking awareness or knowledge is often not the only or even
primary barriers to changing on-farm practices. Factors that can prevent the translation
of knowledge into action are, for instance, higher cost and time commitments associated
with incorporating alternative weed management practices [13,15,17,22,25-27]. In addition
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to situating farmers” HR-related decision-making within the complexities of their farm
systems, scholars also stress the importance of attending to the sociocultural contexts that
influence farm praxis and deep-seated beliefs about the ‘right way”’ to farm [28]. Formal
education shapes these beliefs and practices, but so too do interactions with other farmers
in such settings as field days and farmer field schools. These settings may promote the
development of social capital and communities of practice built on relationships with an
extended network of trustworthy advisors [29,30].

These accounts demonstrate that solely focussing on individuals” behaviour can be
both misleading and inadequate, particularly when effective management depends on
access to off-farm support, education, supplies, and other resources. Instead, the ability
to share and adopt applied understandings of new practices may require collective, coor-
dinated, and collaborative efforts between a multitude of actors. This is recognised by a
growing cohort of social scholars investigating HR management.

2.1. Collaborative Approaches to Herbicide Resistance Management

Suggestions to regard HR management as a collaborative effort are proposed for
several reasons. Among those is the recognition that collectively held beliefs and norms
associated with dominant weed management practices may hinder shifts towards alter-
native practices, such as overstated optimism in technological solutions, and thus need
to be addressed [14,21,31,32]. As established norms shift, collaboration is needed across
the wider agricultural system given the influence of other actors on farmers’ HR manage-
ment. In line with ‘distributed” approaches that consider farmers’ wider decision-making
networks [33,34], some researchers thus advocate going beyond only considering the re-
sponsibilities of individual farmers. Coble and Schroeder [35], for instance, outline various
actor groups and their roles in effective weed control, from those within the agricultural
input supply network to government agencies. Other researchers have described the efforts
required at local, regional, and national levels [15,17,22,36]. This distributed nature of weed
management decision-making has prompted the notion of HR management as a ‘shared
responsibility” [13].

In many cases, such collaborative efforts need to be coordinated on a larger scale to
effectively manage weed populations that might move across regions or international bor-
ders. In emphasising the resulting “complex, multi-scale and collective nature of the weed
problem”, Bagavathiannan et al. [37] (p. 343) thus call for best practice recommendations
to be complemented by “landscape-scale design principles that encourage cross-boundary
coordination and cooperation”. However, achieving lasting collective action frequently
proves challenging for a suite of reasons, including a lack of concern about the migration of
HR weeds [31,37,38]. Successful collaboration is then often, at least partly, preconditioned
on perceived mobility of HR weed populations, either through biological (e.g., pollen)
or anthropogenic (e.g., farm equipment) transfer [26,39]. As Schroeder et al. [40] (p. 478)
found, in addition to getting conflicting and confusing information from various sources,
farmers “saw the problem of HR as bigger than what they can address on their own and
that HR is a threat related to the actions of others, including non-agricultural groups”.

These insights highlight that actors across the wider agricultural system need to jointly
tackle HR. Where such collaboration occurs, stakeholder interactions can take many forms.
Doohan et al. [16], for example, note that facilitating two-way information exchanges
between weed scientists and farmers can result in better outreach and adoption of IWM
practices. This is echoed by Asmus and Schroeder [15], who stress that weed scientists
should partner with agricultural producers and communities to translate general man-
agement recommendations into locally suitable on-farm changes. At national level, weed
scientists can work together with industry and government agencies to develop coherent
HR messages [15,41]. Effectively addressing HR as a collective challenge further requires
the collaboration of weed scientists and researchers from other disciplines, including the
social and applied sciences, in inter- and transdisciplinary programmes [15,42].
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Such approaches have become more important with the decline in government-funded
and -coordinated extension services in many countries. The corresponding decrease in
public sector weed science capabilities creates not only new collaboration demands on
researchers and practitioners but also the agricultural input supply network. Beckie [43]
highlights the crucial role of the crop protection industry and notes growing collaboration
among companies, as well as between companies and public sector partners and academia.
These collaborative efforts are aimed at filling gaps in HR research, development, and
extension activities (RD&E).

2.2. Collaboration in New Zealand’s Agricultural Sector

The need for collaboration across the agricultural sector to better manage HR is par-
ticularly apparent in New Zealand. Following major agricultural policy reforms in the
mid-1908s, public financial support mechanisms were discontinued with the aim of tran-
sitioning towards a market-driven primary sector. This means that farmers receive no
government subsidies, unlike those in many other economically developed countries [44].
Furthermore, the country has no national extension services, resulting in agricultural advice
being often provided by consultants, regional councils, and crop protection companies—
although, some state-led initiatives aim to improve advice available to primary producers,
such as the Ministry for Primary Industries’ Primary Industry Advisory Services pro-
gramme [45]. Observers note that the dearth of government-coordinated extension has led
to disconnects between agricultural consultants and researchers, with negative implications
for the effectiveness of RD&E activities. Therefore, improved interactions and collaboration
among government agencies, industry, agricultural producers, and researchers are required
to strengthen advisory services [46—48].

In the HR management space, such collaborative efforts have occurred sporadically in
recent years, yet coordinated long-term strategies to facilitate sector-wide HR management
collaboration are only emerging. Against a background of growing concerns over HR
within New Zealand’s arable sector and the outlined importance of collective action, this
article advances existing social research [13,14] to describe opportunities and potential
actions for the development of industry strategies that could, at least partly, address gaps
concerning more collaborative HR management.

3. Materials and Methods

The presented findings are drawn from qualitative social research undertaken between
2018 and 2022 as part of a five-year, government-funded, integrated research programme
that investigates the mechanisms, spread, and management of HR in New Zealand. The
research activities focused on the country’s main arable cropping area, the Canterbury
region on the South Island (see Figure 1), with the aim of investigating opportunities for
and barriers to more effective HR management. The insights outlined here are synthesised
from three complementary research activities involving actors across the arable sector
in this region (see Table 1). The study was approved by AgResearch’s Human Ethics
Committee (#08/2019), with informed consent recorded for all research engagements.
First, two in-person focus groups were conducted in November 2019 and March 2020.
The first group consisted of weed scientists and arable industry sector specialists, while
the second group included rural professionals and weed management specialists (rural
advisors, agrichemical company staff, and seed company representatives). The participants
were in their early twenties to late sixties, with an approximately even gender distribution
in the rural professional group and mainly males in the first group. Semi-structured
discussions in each group prompted participants to reflect on three overarching aspects
of HR management: knowledge and beliefs around HR, factors and stakeholders that
influence decision-making processes around herbicide use, as well as barriers to and
opportunities for more effective HR management.



Sustainability 2023, 15, 9119

50f18

170°E 170°30°E 171°E 171930 172°E 172930 173°E 173°30E 174°E
L L L L L L L L L i L L L o
2 12
2 e
Y 2
ES
»
0 E
g
/\(7
! AN
,’ g
- S
4 e @
2 Loy L2
Z - :
2 - ()
=
. _aa
ST e
3 A0
By ¢ \’
. v 4
+ 4 /‘~L -
{ L i /
r y 4 -t »
P o Ba6 P 1)
9 ( ! s
o o 5 &
& f 4
g p y
{ /
— 4 B
3 4
1
Py J
) e e |
. S
5
4
AL /
i » y
13 P 2
z _ad Canterbury A
& ~ P A
@ . e
| Region o,
§ A |
1 r B 5
4 P iy
F o |2
H o8 P 3
=+ i _od
s //
ks
r y L
b /
f 4
!
3 ) Zz
Z - / £
O 4 ?
kS ey |
o= |
\ 1
\
|
{
% —_— |
L 4 ./ 2
% {7 o
- 4 )
=@
0 12525 50 75 100
r& ™ ' ikm |
- N
T T T T T T T T T T T T T T T T
169°30E 170°E 170°30E 171°E 171°30E 172°E 172230 173°E 173930 174°E

Figure 1. The Canterbury region of the South Island of New Zealand (source: created by Peter
Pletnyakov based on Stats NZ'’s data [49]).

Table 1. Overview of research participants across the three research settings (NB: some participants

were involved in two settings).

Farmers and Farm Rural Advisors Crop Protection Industry-Good
Managers and Field Industry Bodies Weed Scientist
8 Agronomists Representatives Representatives

1. Focus Groups - 5 4 2 6
2. Serrp-Structured 1 3 . ) 3
Interviews
3. Arable Industry
Workshop > ) 6 3 3

Second, eighteen semi-structured interviews were conducted with arable farmers
and farm managers, as well as a small number of independent rural advisors and weed
scientists who did not participate in either focus group. Interviews were mainly conducted
online between November 2019 and June 2020. Participants were purposively recruited
through existing professional networks based on their experiences with HR, with some
interviewees recruited via snowball sampling following suggestions by other participants.
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All farmers and rural advisors were located in the Canterbury region on New Zealand’s
South Island, which is the country’s primary cropping area where a broad range of grains,
certified seeds, and other crops (e.g., legumes and vegetable crops) are grown. Many
Canterbury farm systems also include livestock components in their rotations, such as
fattening lambs. Around half of the farmers knew of HR weed populations on their farms,
which had been detected through random sampling in 2019 [6]. The interviewed farmers
and rural advisors were all males in their earlier twenties to sixties. They mainly worked
on family-operated farms with a diverse range of characteristics (e.g., farm size and crop
rotations), but also larger-scale agricultural organisations. The interview questions focused
on the same three thematic areas as those in the focus groups.

Third, an arable industry strategy workshop was held in March 2022 involving seven-
teen farmers, representatives from crop protection companies and industry-good bodies,
and weed scientists. The workshop was organised to investigate the potential for dedicated
efforts to foster more collaborative HR management in Canterbury and New Zealand.
Participants were purposively recruited based on their sector-level expertise with HR man-
agement and their representativeness for key actor groups within the arable and related
sectors. Most of the participants were male. Several participants had been involved in pre-
vious focus groups or interviews. The workshop was run online by three social researchers
and involved facilitated discussions in three breakout groups, which centred around cur-
rent challenges and opportunities faced for New Zealand’s arable sector regarding more
strategic and collaborative HR management, and which actions could be taken to realise
opportunities. To better understand the current state of HR management strategies, the
groups conducted a SWOT analysis (strengths, weaknesses, opportunities, and threats).
The discussions in each group were video recorded and key points were captured on a
shared PowerPoint canvas. Following the workshop, canvas notes were thematically clus-
tered by the facilitators and combined on a single canvas for further analysis. A discussion
summary was sent to participants shortly after the workshop.

Focus group and interview recordings were transcribed and thematically analysed,
using the data analysis support software NVivo [50]. An inductive approach was applied
to elicit themes related to the overarching questions of the integrated research programme,
including insights into the drivers of farmers’ herbicide use and potential solutions to
managing HR [13,14]. Given the detailed notes taken by the three facilitators of the industry
strategy workshop, it was deemed unnecessary to transcribe the recordings from each
breakout group. Instead, the recordings were used to refine feedback captured on the
shared canvases. The notes were thematically analysed according to the three focus areas
of the workshop: current HR management challenges, opportunities, and potential actions.
The thematic analysis was complemented by corresponding insights from focus groups
and interviews. This triangulation of multiple methods and data sources ensured cross-
validation between findings from each research activity and the robustness of the presented
analysis. Potential limitations of this approach may, nonetheless, emerge from the study’s
geographic focus on the Canterbury region, the gender imbalance in farmer interviews,
and specific engagement with the arable sector.

4. Results

This section describes a selection of current socioeconomic challenges related to strate-
gic HR management in Canterbury and New Zealand'’s arable sector, identified opportuni-
ties going forward, and what actions sector stakeholders may undertake to realise those
opportunities. We focus on four overarching thematic clusters: the New Zealand farming
context, information and knowledge exchange, collaboration and coordination, as well as
education and training (see Table 2). The selected challenges and opportunities are not
intended to be exhaustive. However, they address key findings synthesised from across the
various research settings regarding potential industry pathways towards more strategic
weed and HR management.
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Table 2. Selected challenges, opportunities, and corresponding actions to realise more strategic HR management across New Zealand’s arable sector.

Socioeconomic Challenge

Opportunity

Potential Action

New Zealand Farming
Context

No subsidies, so farmers are under pressure to
be profitable every step of the way.

No designated government agency to connect
and coordinate fragmented, sometimes
competing, sector actors on shared HR and
weed management risks.

Few independent advisors and many
employed in the crop protection industry,
with advice potentially biased or limited.

Many farmers can run diverse crop rotations and are
adaptable innovators.

Engage with Ministry for Primary Industries (MPI)
around the crucial role of herbicides for current and
future farm systems.

Promote the role of independent, skilled advisors in
farm-system-level decision-making and strategic HR
management.

Capitalise on farm system options, incl. livestock, and
innovation readiness via collaborative research,
development, and extension (RD&E) activities.

Demonstrate the importance of herbicides to government
agencies, e.g., for resilience and climate change strategies.
Integrate MPI representatives into industry HR networks.

Review the scope for the development of an independent
advisory network.

Information and
Knowledge Exchange

Diverse sources of recommendation, leading
to inconsistent and fragmented advice that is
not always timely.

Labels on herbicide packaging sometimes
unclear regarding mode of action (MoA).

No formal feedback mechanisms to
communicate on-farm experiences and
outcomes of farmers’ field trials.

Sector bodies, e.g., Foundation for Arable Research
(FAR) and Animal and Plant Health NZ, consolidate
inter-/national advice for implementation.
Maximise the utility of herbicide labels for best
practice strategies, e.g., clear MOA.

Improve knowledge exchange between farmers,
agronomists, crop protection companies, and
researchers.

Industry bodies regularly circulate extension packages,
with an emphasis on translating research into on-farm
practice.

Advocate for, and implement, improved labelling across
the crop protection industry.

Establish dedicated mechanisms for the regular and
timely exchange of HR-relevant developments and
information.

Collaboration and
Coordination

Limited sector cooperation on HR issues in
agriculture and horticulture, including a
network for integrated weed management
using animals.

Better utilise existing industry networks, e.g., FAR
and Animal and Plant Health NZ, and build new
networks to improve sector cooperation.

Expand the scope and duration of

inter- / transdisciplinary RD&E programmes.

Establish a network of crop protection companies and
peak organisations, industry-good bodies, and MPI.
Co-develop voluntary industry codes of practice and
charters.

Co-design transdisciplinary RD&E programmes that
integrate the natural, applied, and social sciences

Education and Training

Variable knowledge and confidence around
HR and integrated weed management among
practitioners.

Lacking training in whole-farm-system
approaches and utilisation of the full weed
management toolbox.

Further utilise existing industry outreach and
extension networks to facilitate widespread HR
education, e.g., via FAR.

Expand networks and forums to facilitate targeted
HR education among all practitioners, not just
farmers.

Improve existing training and education programmes.

Use accreditation systems to build, and demonstrate,
baseline integrated weed and HR management skills.

Expand forums for farmer learning, incl.
farmer-to-farmer exchange.

Implement industry programmes to regularly upskill
rural advisors and field agronomists.

Expand applied training courses for all practitioners, e.g.,
Massey University.

Incorporate farm systems thinking and integrated weed
management in programmes (e.g., university degrees).
Develop accreditation for rural advisors and agronomists,
including farm-system training and HR management
strategies.
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4.1. The New Zealand Farming Context

Without financial support from government subsidies, a key challenge for farmers
is the need to remain profitable within an internationally competitive market. This has
prompted many to focus on farm efficiency and adapt swiftly to changing operational
contexts [13,14]. In relation to HR management, an industry-good body representative
in a focus group noted accordingly that “there’s no subsidies here, so they [farmers] just
do whatever they have to do to make money. And if that’s not using chemicals, I think
they will adjust.” At the same time, many arable growers in New Zealand have access to a
relatively high number of viable crop and livestock options in their farm systems, due to
favourable climatic and environmental conditions. A farm manager in Canterbury with
experience in the United Kingdom highlighted this during an interview:

New Zealand is quite unique, though, from an herbicide point of view, that we
have a seriously large rotation. UK-wise, I'd only have maybe four crops, whereas
here I'm looking after 15 maybe 18—makes a big difference.

These rotation options offer arable farmers opportunities to diversify their herbicide
use, for example by enabling them to apply herbicides with varying modes of action across
different target crops while removing weed populations that have developed resistance to
one mode. Participants in the industry workshops emphasised that there remains scope
for better capitalising on these rotation options to manage HR. However, growing and
integrating larger numbers of crops into a farm system requires relevant knowledge and
practical know-how. To support the required capability building and ensure that available
information can be readily implemented, arable sector stakeholders should collaborate to
co-design suitable research, development, and extension (RD&E) activities.

An obstacle within the agricultural system mentioned in all research settings is a per-
ceived lack of government agencies connecting the fragmented, and sometimes competing,
agricultural sector actors and coordinating their activities around shared HR and weed
management risks. A weed scientist participating in one of the focus groups elaborated on
this matter:

MPI [Ministry for Primary Industries] should have realised a decade ago that this
was going to be building up into an ongoing problem. ... The government really
should have been taking the lead ... and saying, ‘This has to be addressed and
nipped in the bud’, and it’s been completely missing in action.

Given growing government interest in transitioning the agricultural sector towards
improved environmental performance, food security, and climate resilience, the workshop
participants saw an opportunity to further engage with the sector’s key government
department, the Ministry for Primary Industries, on the crucial role of herbicides in the
future of New Zealand’s agri-food sector. This would involve demonstrating the need
for herbicides in many farm systems that align with envisioned national strategies. One
example of this is no or low till cultivation and direct drilling techniques, which are
adopted to improve carbon sequestration and lower agricultural greenhouse gas emissions.
This illustrates how MPI representatives should be integrated into collaborative industry
networks focused on developing shared HR management strategies, coordination efforts,
and streamlined communication.

A third challenge is a shortage of independent agronomy advisors in New Zealand.
While industry-good bodies, such as the Foundation for Arable Research (FAR), provide
valued general advice, many growers rely to some degree on recommendations from
staff employed within the crop protection industry or by crop contract companies, of
which only some may have formal agronomy training while others are primarily sales
representatives. Such advice can be short-term focused on individual crops and weeds,
with several participants cautioning against potential limitations or biases towards specific
agrichemicals. Growers often also receive recommendations from multiple agronomists at
once, while, in some cases, contractual agreements specify agrichemical treatment plans
for contracted crops. This can lead to ad hoc and piecemeal decision-making, at the
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expense of strategic weed management as part of holistic farm-system planning. Many
participants thus saw opportunities for supporting more independent advisory services.
Despite acknowledging the potential value of these services for more farm-system-based
decision-making, scepticism about the viability of such services was frequently mentioned.
One independent advisor cautioned:

[Blut I'll say though it is quite hard. I should make the point that chargeable
agronomy, it's a slow growth ... because if we employed a new agronomist
tomorrow and I said, ‘Go out and find . .. 30 chargeable agronomy clients’, then
you wouldn’t be able to get anybody.

There are thus opportunities to support the growth of independent advisory services,
but the lack of demand and willingness to pay may pose, at least initially, considerable
practical obstacles. This opportunity might, therefore, require more substantial long-term
changes across the agricultural system and established growers” decision-making networks.

4.2. Information and Knowledge Exchange

One implication partly associated with the lack of independent agronomists is that
most growers rely on diverse sources of information. Many participants described how
this can lead to fragmented, disconnected, and at times inconsistent HR management
recommendations. As one grower noted, “there’s so many different people and there’s
lots of different information coming from different sides.” Furthermore, the required
information may not always be available when management decisions are made, such
as specific recommendations for herbicide usage following unusual weather events (e.g.,
drought periods). Participants in the industry strategy workshop thus saw opportunities
for sector bodies to consolidate up-to-date national and international information into
timely practical advice that enables the implementation of alternative on-farm management
practices. FAR or Animal and Plant Health New Zealand, the association of the crop and
animal protection industry, were regarded as key organisations, due to their already well-
established domestic and international networks. A seed company agronomist alluded
to this opportunity in a focus group when she commented that “what’s interesting about
that is, we’re going to chemical companies to find out that information, not to the likes of
FAR to find that information.” Integrating advice from different sources and circulating
regular weed management extension packages could be one activity industry-good bodies
undertake to address HR challenges across the arable sector. Given those bodies’ existing
social networks and extension capabilities, participants in the industry strategy workshop
felt that this opportunity was among the more or less immediately feasible activities that
would support more strategic HR management.

Similar information challenges were noted in relation to product labels on herbicides,
particularly regarding the clear visibility of the modes of action of their active ingredi-
ents. The following exchange between participants in the rural professional focus group
demonstrates this challenge:

Person 1: That’s where I'm trying to focus my growers more on active ingredient
rather than brand names. ... I personally think the labels need to be changed, . ..
active ingredient should be in bigger letters for people to see easily. Currently, I
need big glasses sometimes to read some of the active ingredient names. . ..

Person 2: Especially all the generics.

Person 3: Well, that’s the problem, you go into chemical sheds and ... they
[herbicides] are all the same. [Yet, the farmer says,] ‘Oh, but they’ve got different
names’.

With the regular rotation of herbicides working through different modes of action
being one core recommendation for managing HR, growers and those within their support
networks should routinely record applied modes of action and refer to this information in
their long-term planning. Stating relevant information concisely and in an easily visible
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format on product labels may, thus, contribute to more strategic decision-making. To
realise this opportunity, industry-good and peak farmer organisations could advocate
for improved labelling, while the crop protection industry and regulatory bodies need to
implement the relevant changes. A farmer further suggested that labels could be used to
state crucial information about HR directly, as a constant reminder to consider relevant
management implications.

A third key opportunity to address knowledge-related challenges discussed across
several research settings, particularly the industry strategy workshop, is to improve the
multi-directional information flows between the stakeholder groups involved in weed and
HR management. Participants noted, for instance, that currently no formal mechanisms ex-
ist for farmers to communicate adverse or beneficial outcomes from trialling new practices,
or avenues to report potential cases of HR to weed scientists. Crop protection or contract
companies often have relevant in-house chains of communication for field representatives,
while the staff of industry-good bodies, such as FAR, may receive feedback from growers
or agronomists through informal communication. However, this knowledge exchange is
still insufficient, as noted by a workshop participant:

I also think the information flow from farmers, industry and researchers can
be improved. Seed companies are doing a huge amount of work and we get
information on some of it. It would be great to have some more knowledge
exchange happening, so research isn’t doubled up or farmers are already doing
things on farm that works. This is probably something [an industry peak body]
can work on more.

This sentiment was echoed by farmers during interviews. While one grower felt that
“knowledge sharing is becoming huge right across the board”, another emphasised the
need to share information more effectively within farmers’ decision-making networks:

Well, doesn’t it come down to information transfer? If we go back to the dairy
industry, ... how successful it has been over the last 20, 30 years simply through
information transfer. That’s what I think the arable industry is missing. You
can’t do any more than FAR, FAR are fantastic. The information they provide is
actually fantastic, but I'm talking about on-the-ground information transfer, from
your reps, from your chemical reps to your field reps. That information has got
to be even more available than it is already.

More formalised exchange processes could be established to improve multidirectional
information flows, particularly from farmers and field staff to other stakeholder groups.
The workshop participants discussed the possibility that FAR might be in a position to
collect and further distribute relevant information. As outlined in the next section, however,
this may also be facilitated by a wider network of collaborating organisations.

4.3. Collaboration and Coordination

Throughout the various research settings, participants described how effective collab-
oration can support improvements in on-farm weed and HR management. On one level,
this concerns farmers’ ability to draw on strong social networks in their decision-making,
including other farmers, representatives from crop protection companies and industry-
good bodies, and agricultural scientists. As a farmer acknowledged when discussing his
farm management:

I'm very lucky in the fact that I've surrounded myself by good people that I go to
all these things with—[biophysical scientist] and all her colleagues. I'm exposed
to all this stuff, so I'm thinking about it day in day out, but I'm sure there are
plenty of people that don't.

In other instances, farmers collaborate in farmer-to-farmer learning and knowledge
exchange programmes organised by industry-good bodies, or in social networking activities,
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such as young farmer groups. Collaboration thus occurs regularly in a range of more or less
formalised settings, but in most cases, it does not amount to coordinated strategic efforts.

The SWOT analysis conducted by each group in the industry workshop highlighted
this lack of coordinated collaboration as a current weakness in the arable sector. Participants
noted that the absence of a central industry or government body not only often leads to
information challenges but also an overall lack of sector-wide coordination on shared
risks, such as agrichemical resistance. This challenge is compounded by the fact that such
coordination is required across several agricultural sub-sectors, with many Canterbury
farmers, for example, including livestock in their farm systems. Furthermore, HR-resistant
weed populations are also found in vineyards and horticultural crops, from where they
might migrate through biological or anthropogenic transfer.

Improving inter- and cross-sector connections could help to both facilitate the multi-
directional information flows discussed above and establish avenues for more strategic
coordination of shared HR risks. Several workshop participants thought that a designated
network of industry-good bodies (e.g., FAR and Animal and Plant Health New Zealand),
rural supply companies (e.g., Ravensdown), crop contract companies (e.g., PGG Wrightson
or Midlands), and the Ministry for Primary Industries could facilitate such coordination.
Key public interest and research groups should also be included, such as the New Zealand
Plant Protection Society. Together, this cross-industry network could further leverage
existing inter-/national connections for timely knowledge transfer on developments in
HR management, for example to the Australian’s Grains Research and Development
Corporation. The workshop participants discussed a range of activities that a cross-industry
network could support, including voluntary industry codes of practice, or charters focused
on promoting good HR management or establishing standards for testing traded seed lines
for HR to reduce their mobility.

A second opportunity for better sector-wide collaboration and coordination was dis-
cussed during reflections on the benefits of previous and ongoing transdisciplinary RD&E
programmes. Participants reflected on the benefits of initiatives such as ‘A Lighter Touch:
Agroecological crop protection to meet future consumer demands’, a collaboration of New
Zealand’s plant-based food sector (horticulture, arable cropping, and wine production), or
the government-funded integrated HR management programme through which the work-
shop was conducted. Building on the transdisciplinary capabilities and insights developed
in such initiatives, a cross-industry network could coordinate concerted efforts to co-design
ongoing RD&E programmes focused on developing and implementing management strate-
gies for evolving HR challenges. This should include the integration of multiple scientific
disciplines and meaningful participation of non-researchers, particularly farmers as the
primary on-farm decision-makers.

4.4. Education and Training

Knowledge and skills associated with a diverse range of weed control methods are
well-understood prerequisites for effective HR management [13,14]. As one interviewed
farmer remarked, “If we know we can do something. If we don’t know, we're just going
to do what we did.” Yet, research participants acknowledged that levels of knowledge
and skill vary markedly among those involved in on-farm decision-making. Given the
distributed nature of these processes, however, relevant knowledge and skills development
needs to occur not just among farmers but across the sector as a whole. A seed company
agronomist stressed this in a focus group:

That’s the biggest thing, ... education for all of us in the industry. From the
farmer to seed suppliers to us as agronomists and farm advisors ... that’s the
thing that’s lacking the most.

When interviewed farmers were asked what would support them in terms of weed
and HR management, many voiced similar sentiments. For instance, one farmer noted,
“More knowledge—not just for me but the entire industry.”
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Participants in the industry strategy workshop reiterated this challenge and discussed
how further utilising existing outreach and extension networks, for instance those of
industry-good bodies, could help build foundational knowledge of HR management
across the entire sector. To include those stakeholders still outside these networks, new
avenues for information sharing and educational efforts need to be explored. The industry
networks described above could coordinate their outreach and extension activities to
expand the forums for formal and informal farmer learning, including opportunities for
farmer-to-farmer learning. Given the evolving nature of weed and HR management
challenges, the workshop participants also considered the implementation of a cross-
industry programme to regularly upskill rural advisors and field agronomists, since they
are often integral to farmers’ decision-making. Expanding applied training courses for weed
and HR management already offered by Massey University, one of New Zealand’s main
agricultural tertiary education institutions, was mentioned as another potential avenue.
However, their scalability across the sector was a concern, due to the limited number of
weed science educators and cost involved in training a large number of staff across the
industry.

Several research participants further stressed that, while weed and HR management
education will be beneficial, it is also crucial to foster holistic thinking and farm-system-
level planning. As noted above, many farmers currently navigate a significant number
of crop- and weed-specific recommendations, often against a background of competitive
annual crop contracts. This can complicate rotation planning across multiple seasons
and hinder longer-term strategic decision-making. A seed company agronomist critically
reflected on this situation in a focus group:

I think that’s where the problem kind of starts, ... a farmer would do business
with a lot of agronomy services. So, [one company] would grow some ryegrass
there, [another company] would grow beet crop there, we would grow whatever
there. So, everybody is just chasing their crop and there’s no holistic planning
going on, long-term planning.

An agrichemical company representative in the same focus group lamented that HR
management in this context is frequently short-term-oriented and reactive. As they noted,
“We're talking about it, but it’s not until you’ve actually got the problem that you start
talking about it.” Following a similar line of thought, some participants in the industry
workshop saw an opportunity for improving existing education and training programmes
to support whole-farm-system approaches that include the proactive integration of the
diverse weed management options available to many arable farmers. One suggested
avenue to realise this opportunity was to incorporate more modules on farm systems
thinking and integrated weed management into relevant university degrees.

Another topic of discussion in the workshop centred around the fact that in New
Zealand no accreditation is required to provide commercial agronomy advice. This was
also mentioned during interviews with rural advisors, with one of them comparing this to
their previous experience as an agronomy service provider in the United Kingdom:

I think that’s what New Zealand lacks, it lacks a body to actually keep people
up to date in terms of agronomy. ... If you go back to the UK model, you've
actually got to be BASIS * qualified to be able to write out a recommendation, so
the farmer actually has to employ an agronomist or else he has to become BASIS
qualified himself.

(* an independent standard-setting and auditing organisation for land manage-
ment and food production, including the pesticide and fertiliser sectors.)

Some workshop participants thought that using an accreditation system for agronomy
advisors to build, and demonstrate, baseline integrated weed management skills and
farm system training could support more long-term-oriented HR strategies. However,
such a system would have to be established specifically for the New Zealand context
and in accordance with national legislation, environmental regulation, and reporting
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requirements. The rural advisor with previous experience in the UK acknowledged this
and noted, “a lot of things that we’re doing in New Zealand, they’re unique to New
Zealand. So, any qualification has got to be unique to us.” This reinforces the finding
that the involvement of state agencies and national-level industry bodies is likely required
for effective HR management, in this instance to regulate and oversee compliance with
relevant accreditation systems.

5. Discussion: Towards Improving Sector Collaboration

In returning to the themes raised in the international literature about moving from
a focus on individual farmers’ roles in HR management to cross-sector collaborative ap-
proaches, our results highlight some key opportunities and challenges. Many of these
challenges emerge, at least partly, due to insufficient connection and coordination across
the arable sector, which are, in turn, to no insignificant degree a result of the absence of
public extension services overseen by government departments [44-48]. As such, most
opportunities described here involve purposely strengthening existing, or forming new,
social and institutional relationships among the stakeholder groups involved in HR man-
agement, including state actors. This requires recognising the sociocultural facets and
distributed nature of farmer decision-making, which points towards the corresponding
need for targeted collaborative efforts aimed at developing effective whole-industry strate-
gies. Our research highlights that making such strategies effective involves a portfolio of
multipronged activities that address various barriers to implementing HR management
recommendations.

It is not novel within wider international scholarship to argue that achieving lasting
behaviour changes among farmers and rural communities requires a range of comple-
mentary approaches. Decades of extension research and practice show this in an array
of environmental management areas. Blackstock et al. [51] (p. 5637), for instance, note
in relation to agricultural pollution that “no single approach or strategy for influencing
farmers’ behaviour to manage diffuse pollution in the context of climate change is likely to
be sufficient”. Similar arguments have been made about extension programmes in general,
often with reference to multiple communication avenues and practice change components
needed to improve programme efficacy [33,34,52,53]. As outlined above, researchers have
already refined some of these insights in relation to weed and HR management. This body
of literature outlines key aspects that in conjunction can make extension efforts more effec-
tive, such as diversifying the media through which novel information is communicated,
exploring combinations of incentives and regulatory mechanisms, and attending to the
roles of non-farmers [17,33,34,41,43,54,55].

Our findings do make two noteworthy contributions to this literature. First, they detail
opportunities for action among various stakeholder groups across one agricultural sector. The
corresponding activities to realise these opportunities provide tangible steps for multipronged
approaches to support on-farm management changes, which are generally applicable across
agricultural systems in other countries. In doing so, our analysis empirically substantiates
the outlined conceptual arguments within international scholarship for why better sector-
wide collaboration and coordination are required to enhance HR management. Second, the
presented insights start to fill a specific gap in HR research and practice in New Zealand
that acknowledges the challenges of establishing collaborative efforts where strategic support
is sporadic and uncertain, as may be common in similar contexts where state coordination
and investment are intermittent. A key point is thus to highlight that effective collaboration
should involve (re)establishing relationships between the public and private sectors, which
may have to some degree been compromised by decades of limited state oversight. This
finding supports comparable conceptual insights that highlight how effective HR management
requires ‘distributed” efforts by various actor groups across local, regional, and national
levels [15,17,22,33-36,40]. The contribution of our analysis is to demonstrate that, in the
absence of coordinated state-led support, purposely initiating sector-wide discussions around
HR management strategies is crucial for strengthening such collaborative relationships, while
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not suggesting that these can fulfil what may be regarded as state functions and, thereby,
absolve state agencies of their responsibilities.

Establishing HR management as a ‘shared responsibility’ [13] and considering strategic
options is but an initial step, though. Having identified several strategic opportunities,
the next phase in the collaborative endeavours of New Zealand’s arable sector needs to
explore the feasibility of potential activities and clarify which groups are able, and willing,
to assume responsibility for actioning them. Here, we briefly discuss this component of the
research to stimulate further efforts among arable sector stakeholders to collaboratively
explore feasible strategy implementation pathways for Canterbury and New Zealand. This
discussion also offers broader insights useful for other agricultural sectors and countries
in a similar stage of developing HR management strategies. Moreover, these insights can
inform future collaborative RD&E agendas related to weed management in New Zealand
and corresponding international calls for more transdisciplinary weed research [15,42].

The first, and in the short-term likely most achievable, activities centre around improv-
ing information and knowledge exchange, as well as initial steps towards more formalised
industry collaboration and coordination. The potential of such activities is well-documented
in the social scientific literature, for instance in Doohan et al.’s [16] discussion of how
two-way information exchanges between weed scientists and farmers can result in better
outreach and adoption outcomes. To realise this opportunity for New Zealand’s arable sec-
tor, already established and well-connected industry-good bodies, such as FAR and Animal
and Plant Health New Zealand, could regularly consolidate domestic and international de-
velopments around HR management and circulate up-to-date extension packages focused
on translating this information into suitable on-farm practices. Public interest groups with
weed science expertise, for instance the New Zealand Plant Protection Society, might be
able to support this information exchange. Furthermore, the same organisations could lead
an arable industry network involving crop protection bodies, industry-good organisations,
and relevant government departments. The terms of reference should specifically note an
intention to foster better two-way exchange between practitioners on the ground, industry
bodies, and regulators, with the aim of swiftly responding to new HR developments. This
network may include weed scientists, or at least communication avenues with them, to
promptly discuss RD&E priorities.

Second, education and training opportunities may be enhanced in the medium term
by building on existing learning forums. This can help build agricultural stakeholders’
knowledge and skills related to effective weed control, which have been highlighted as
crucial preconditions for more strategic HR management [13,14]. Corresponding learning
activities can also strengthen informal social networks, such as farmer-to-farmer learning
groups or local natural resource management groups. These types of interactions already
occur within many of New Zealand’s agricultural communities, and other farmers are often
a key source of information for farmers learning new knowledge and skills. The efficacy of
peer-to-peer learning is well-documented in other countries [33,34,56], with such settings
also offering opportunities to promote the development of social capital and communities
of practice [29,30]. Likewise, rural advisors in most New Zealand crop contract or crop
protection companies liaise regularly with colleagues and other advisors in their network to
resolve specific weed management problems. Some of these companies also have in-house
staff training and upskilling programmes. In other instances, training can be more for-
malised, such as a short course on understanding herbicides offered by Massey University,
one of New Zealand’s leading agricultural tertiary institutes. However, a key challenge
in expanding these informal and formal learning opportunities is their scalability. Given
that training and routine upskilling are required for various stakeholder groups across
the entire arable sector, particularly those within farmers” immediate decision support
networks, viable avenues for regular HR-related learning would need to be established for
a significant number of people. This requires concerted efforts to build a long-term-oriented
portfolio of education and training opportunities. Incorporating integrated weed and HR
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management as a compulsory component in agricultural degrees could be one way to
mitigate challenges with scalability.

Third, more fundamental structural changes to New Zealand'’s agricultural system
would require significant sector efforts, including strategies to achieve required regula-
tory changes. Our findings show that establishing an independent advisory network can
be highly beneficial in terms of prompting more integrated weed and HR management
practices. However, building such an advisory network likely requires a separate accredita-
tion system to ensure sufficient skills among independent advisors, clarify liabilities for
management recommendations, and build confidence among farmers. As noted by other
researchers investigating HR management, fostering such systemic changes likely requires
a suite of top-down regulation, voluntary industry initiatives, and creative incentive mech-
anisms [17,41,54,55]. Voluntary collaboration within the crop protection industry and with
public sector partners and academia is also crucial for filling any gaps in required RD&E
activities [43], particularly in contexts marked by a dearth of government-coordinated ex-
tension. At the same time, the presented findings from Canterbury’s arable sector highlight
that cultural changes among farmers would be needed so that the value of independent
agronomy advice is recognised. The required systemic and cultural changes involved in
establishing and sustaining an independent advisory network as well as ongoing RD&E
activities make this a more difficult action that will require long-term efforts on multiple
levels. Nonetheless, commencing these efforts can be part of a multipronged sector strategy
that includes a portfolio of short- to long-term activities.

This brief discussion of steps that may be taken by arable sector stakeholders in Can-
terbury and New Zealand to realise the identified opportunities demonstrates that the next
phase in the sector’s collaborative efforts should include detailed evaluations of the feasibil-
ity of implementing corresponding actions. Among the identified opportunities, especially
those requiring more substantial systemic changes may face considerable implementation
barriers. Overcoming these barriers will require a long-term vision and sustained sector
efforts guided by collaboratively developed strategies. With HR increasingly recognised as
a growing challenge worldwide, the insights offered through the presented results and dis-
cussion can inform similar efforts in other sectors and national settings where strategic HR
management efforts are emerging, particularly in contexts of limited government-funded
and -coordinated oversight.

6. Conclusions

Our research highlights that effective management of HR is not the sole responsibility
of individual farmers. Instead, the presented results outline the diverse ways in which HR
is a large-scale challenge beyond the ability of any one farmer to manage, which emphasises
the need to take a more collective approach centred around strategic collaboration and
coordination. An important point flowing from this is to recognise that ‘good farming’
praxis is a sociocultural endeavour rather than an individual choice, with diverse roles
and responsibilities across decision-making processes. Thus, the first implication of our
research is to acknowledge these sociocultural dimensions, which should be accompanied
by developing a better understanding of the complex and extended web that constrains
and enables farm practices. This may be true not just of managing herbicide resistance, but
of efforts to address pesticide and antibiotic resistance as well.

Within this extended web, agricultural sector organisations and state agencies are key
to the strategic coordination and support of multipronged efforts given their responsibil-
ities across crucial management aspects, such as formal and informal education, border
biosecurity, funding for R&D and its dissemination, or regulation and compliance regard-
ing agrichemical use. Yet, our research recognises that such coordinated support can be
sporadic and intermittent, particularly in contexts that, similar to New Zealand, are charac-
terised by a dearth of dedicated state extension services and coordination. We, therefore,
conclude that while governments should not be absolved of their involvement in, and
support for, HR management initiatives, enabling sector-led strategic approaches may
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be necessary. Given the ever-evolving nature of HR weeds and absence of silver bullet
solutions, sector leadership will also be indispensable for the early detection of new HR
problems and their ongoing resolution through agile R&D and timely management efforts.

For such sector-led approaches to be effective, they will have to be multipronged,
comprising a suite of programmes and initiatives. As our research demonstrates, determin-
ing the roles and responsibilities for implementing the components of such multipronged
approaches should be an explicit discussion topic among the diverse groups of actors in-
volved in HR management and occur early in the strategic planning process. Perhaps most
importantly, this will involve evaluating the practical feasibility and realistic implementa-
tion pathways for corresponding activities with those engaged in on-farm management.
Thus, the final conclusion of our research—and one that connects firmly back to the initial
point about collective and collaborative approaches—is that farmers and those directly
involved in on-farm management are central to more collaborative approaches aimed at
strategically managing herbicide resistance.
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