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Research Strategy

Our Vision 2018-2028

Current and potential future weeds of pastoral farmland
in New Zealand are managed long-term cost-effectively
using environmentally, socially and culturally acceptable
tactics.

AgResearch is a key provider of world-class science
supporting pastoral weed management decision-making
at all scales from paddock to nation and at all stages of
the invasion process.
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Exclusion Eradication Containment Sustained
Control

- -l Naturalisation

— AREA INVADED —

Pastoral weeds are defined as plant species, typically
exotic in origin, that currently, or may in the future,

invade pastures and reduce farm profitability. TIME

Key Sector Challenges

Diverse-pasture Herbicide
Options “
Weeds in Waterways I '
National Weeds Strategy

Behaviour Change ‘ I
Pasture Invasion by Weeds Alternatives to Herbicides

Internal Biosecurity

Herbicide Resistance

Outcomes Target Research Areas Research Capability Key Initiatives

Improved internal Weed risk analysis Population dynamics/ Strategic Science Investment

biosecurity genetics Fund weeds programme
Climate and land-use

Increased suite of change Evolutionary processes MBIE Endeavour Fund

non-chemical weed Programme proposal

control options Invasion biology Plant ecology

Sustainable Farming Fund
Herbicide resistance Biological control Entomology projects

evolution understood

and controlled Herbk':ide resistance Plant pathology Grow weed science capability
evolution ——— - and capacity

Weed population biology . ) Microbial formulation

informs weed management Population dynamics Alignment with internal and

Experimentation external strategies

Weed control economics Bio-economics

. Mathematical modelling
informs weed management

Stakeholder engagement

Economics Co-development of research

programmes

Best practice pastoral weed
management adopted

Effective riparian weed International collaborations

management
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This document sets out a ten-year Pastoral Weeds Research Strategy as requested by the
2017 O6Strategic Science | nvesttwmasddvelopadframnd | nvestn

a. Areview of key current pastoral weeds research worldwide; especially where there are
solid links with AgResearch interests,

b. A summary of existing research capability within AgResearch and New Zealand as a
whole,

c. A stakeholder meeting with the pastoral sector that identified key weed management
issues,

d. Recommendations as to how the AgResearch capability should be positioned over the
next ten years (2018 i 2028)

The strategy contains a vision, identified sector challenges, outcomes sought, research
capability needed to deliver to target research areas and some initial key initiatives. Priority
outcomes are:

Improved internal biosecurity.

Increased suite of non-chemical control options.

Herbicide resistance evolution understood and controlled.

Weed population biology informs and disrupts weed management.
Weed control economics informs and disrupts weed management.
Best practice pastoral weed management adopted by farmers.
Effective riparian weed management.
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The AgResearch past or al weeds progr amme, formally
before that 600Out smarting weeds?©b, has been
Science Investment Fund) since 2012. Recently the project was awarded a three year SSIF

known
suppo

contract and as part of that process, the Investment Committee required aten-y e ar O Past or a

Weeds Research Strategyd6 be developed. The

industry workshop in 2015 at which biological weed control, thistles and managing herbicide
resistance ranked high as issues for the pastoral sector. Specifically, the Investment
Committee requested:

1. MAn overview of current pastoral weeds research in AgResearch, other organisations
in New Zealand and key overseas research initiativesq

2. M summary of existing research capability within AgResearch and New Zealand as a
wholeg

3. MAn overview of the pastoral &Gectords weed

4. fRecommendations as to how the AgResearch capability should be positioned over the
next ten years (2018 i 2028)0

For the purpose of this strategy, a Opast
species) that impacts negatively on pastoral farming. Its economic impact may often be
through the exclusion of grazing. This occurs mainly with non-palatable species and costs an
estimated $1.3 billion lost production value per year (Saunders et al. 2017). This is a
conservative estimate of the national aggregate grazing loss due to weeds given that it is based
on data available for just 10 weed species while an estimated 187 weed species occur in our
pastures (Bourd6t et al. 2007). Many of these species are either not palatable to many classes
of livestock and/or are low-producing in terms of digestible dry matter.

In addition to lost grazing, there are costs associated with reduced animal product quality (e.g.
pelt and carcase damage, wool contamination, milk taint), animal health and welfare impacts
(e.g. poisoning and weed seed penetration of eyes and other body parts) and weed control
operations.

Weeds also impact the pastoral sector through yield and product quality losses in forage crops
(e.g. maize and fodder beet).

The aim of this strategy is to identify how the AgResearch weed research programme can
inform the sustainable management of pastoral sector weeds in New Zealand over the next 10
years. Appropriately positioned (science objectives) and resourced (staff and funding)
research that is well aligned to an agreed prioritised list of pastoral industry weed management
issues is required.
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In developing this strategy, we recognise that weed management decisions occur at a variety
of scales (national, regional, industry, farm, paddock etc.) and that the information and
understanding required to inform them is therefore also scale-dependent.

We also recognise that most pastoral weeds in New Zealand are invasive aliens that vary
widely in their invasion trajectories and their current position along their trajectory. The invasion
trajectory is a useful concept at a national scale and may be equally useful at smaller scales
of weed management decision-making such as regional, farm, paddock etc.

The invasion trajectory is logistic in shape (Figure 1). It can be divided into four segments
defining the status of the weed: O6éabsentdé (not Kk
little impact),; O6éspreadingé (naturalised in man)
widespread (occurring throughout the potential range).

The categories represent opportunities to manage
6containmentd or 6sustained control 6 progr amme
amendments and the National Policy Direction for Regional Pest Management (Ministry for

Primary Industries 2015), require Regional Pest Management Programmes to classify species-

led weed management programmes using these four types of management.

A common consideration at all scales of weed management decision-making is that weed
control is cost-effective. Whilst this is a legal requirement for weed management under a
Regional Pest Management Plan, it is also an important consideration for weed management
at the farm scale. In both cases, estimation of the benefits of weed management relies upon a
sound understanding of the ecology, and in particular for pastures, the population dynamics of
the weed over the long-term.

Weed Invasion Model

! : L=
i ; Widespread
° i i
9 i |
S . Spreading
£ H
© i
v i
< i
i Sleeper
Absent '
Management | Exclusion || Eradication ||  Containment |[Sustained control |

Figure 1. Weed invasion model classifying a weed and its management according to the extent
to which it has occupied its potential range at the scale of interest.



3.1.New Zealand

Four research organisations in New Zealand undertake scientific work related to better
understanding and managing weeds that invade pastures. These are the two Crown Research
Institutes AgResearch and Landcare Research and the two universities, Lincoln and Massey.
In total, these four organisations employ approximately 17 scientists with a focus on weeds but
less than 50% of them address pastoral weed issues and for most of these, including the
AgResearch weed scientists, pastoral weeds research forms only part of their work. Further
details are provided in Section 7.

An overview of current weed research, i n t
to the pastoral sector in New Zealand, is given in Figure 2 as a series of images from the
PowerPoint presentation given by Graeme Bourd6t at the workshop on 20 November 2017.

Starting at the top left, and reading from left to right down the page, it is apparent that current
research in New Zealand spans the entire invasion model. Dr Trevor James, AgResearch is
working on predicting the plant species that potentially could arrive in New Zealand and invade
dairy pastures. This is apparently the only research into pastoral weed species that are not
currently in New Zealand (Absent) but are problems overseas. Professor Phil Hulme at the
Bio-Protection Centre at Lincoln University works across a wider part of the invasion model
space spanning the Sleeper and Spreading phases. He is focussing on learning how
contemporary evolution in a weed species, using docks as a model system, may influence its
invasion trajectory in New Zealand. Dr Duane Peltzer at Landcare Research, Lincoln, is
leading a new research programme that is aiming to explain the invasion of wilding trees in
New Zealand as a basis for their improved management. This research contributes to a better
understanding of the Spreading phase of the invasion model space. The remainder of the
research programmes, those led by Dr Graeme Bourdét (the AgResearch SSIF pastoral weeds
programme), Dr Seona Casonato (Lincoln University), Dr Kerry Harrington (Massey University)
and Dr Simon Fowler (Landcare Research) focus on species that are in the Widespread phase
of the invasion model space. These species are already widely problematic and economically
damaging weeds and some have developed herbicide resistant populations. The research
focusses on explaining and predicting the population dynamics of these weeds, their economic
impacts and their responses to novel control methods such as insects and plant pathogens as
biological control agents, crop competition, mowing, lasers and manual removal. Professor
Dave Kelly, School of Biological Sciences, University of Canterbury, is a plant population
ecologist. He contributes to the management of weeds in pasture through demographic
modelling and through co-supervision of post-grad projects on weeds with AgResearch
scientists.

Although these research programmes span the invasion model space, there is apparently a

he

greater focus and research effortont he Wi despread phase of the

at the earlier phases. We consider below, under Recommendations, the extent to which this
current weed research focus fits with the Key Issues developed through the Workshop.
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Figure2. Anoverview of current weed rweedéwasianh, in the

model6 , as it relates to the pastoral sector in
workshop on 20 November 2017).
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3.2. Overseas

This section is not an exhaustive global list of organisations that are involved in pastoral weed
research. Rather, it provides a summary of the pastoral weed research focus of overseas
organisations with which the authors of this document collaborate. It excludes overseas
industry bodies, small companies and large multinational companies involved in discovery and
development of synthetic and biological herbicides.

CSIRO 1T Australia CSIRO has a long and successful history of using biological control agents

as a cornerstone of sustainable management programs for weeds of national significance,

such as Paterson's curse and prickly pear. Dr Loui se Morinds work with
classical and bioherbicide approaches is well known to us through our connections with the
International Bioherbicide Group of which one of us (GWB) was a past President. CSIRO has

many active biocontrol projects underway for both temperate and tropical Australian weeds

which cause problems in natural, pastoral and agricultural ecosystems. A related initiative is

the Cooperative Research Centre for Weed Management which unites several research

groups across Australia.

AAFC - Agriculture and Agri-Food Canada i Saskatoon This organisation conducts
research that supports the commercial development of plant pathogenic fungi and bacteria as
bioherbicides and the use of cover crops for weed management. They have recently co-
developed and released a bioherbicide product for flat-weeds such as dandelions and
Californian thistle in fine turf and are considering how such a weed control product could be
developed for pastures. AgResearch is collaborating with scientists at AAFC to develop a
bioherbicide for Californian thistle in pastures.

UU - Uppsala University Professor Lars Andersson and his students at the Department of
Crop Production Ecology, The Swedish University of Agricultural Sciences, conduct research
into the ecology and management of weeds of temperate leys and cereal crops. Their research
has a strong focus on sustainable, ecologically benign, non-chemical weed management.

UWA - University of Western Australia The Australian Herbicide Resistance Initiative (AHRI)
is a world leader in herbicide resistance research. Understanding resistance mechanisms and
weed seed bank ecology is providing the basis for avoiding and managing resistance. For
example, Professor Michael Renton has published computer-based simulation models (e.g.
Weed Seed Wizard and PERTH) as aids to growers for managing herbicide resistant weeds.
Richard Hobbs (Ecosystem Restoration and Intervention Ecology Research Group) produced
a body or work (and trained academics) that look at priority setting for novel-ecosystems,
invasive species management, restoration and plant succession.

CABI - Centre for Agriculture and Biosciences International CABI (Switzerland) carries
out research on classical biocontrol of weeds of European origin, and have provided scientific
expertise in relation to biocontrol programmes in NZ (e.g. thistle biocontrol agents). Currently,
CABI is investigating the potential for classical biocontrol of 17 different weed species in North
America. Current projects with potential relevance to the pastoral sector in NZ include

12



hawkweeds (Pilosella spp.), common tansy (Tanacetum vulgare), Oxeye daisy
(Leucanthemum vulgare) and field bindweed (Convolvulus arvensis).

USDA- United States Department of Agriculture Dr Frank Forcella, an agronomist with the
Agricultural Research Service at Morris, Minnesota, conducts research on cultural (non-
herbicide) weed management in crops. His research includes the use of cover crops and the
development of alternative technologies such as abrasion weed control.

CIB - Centre for Invasion Biology. This South African research institution is headed by David
Richardson a preeminent scholar in invasion biology whose publications emphasize plant
invasions. Their science aims to provide the understanding necessary to reduce the rate and
impacts of biological invasions.

DIET ASCR - Department of Invasion Ecology, Academy of Sciences Czech Republic.
Petr Pysek has led several efforts to make invasive plants a priority for research and
management in Europe. Weed risk assessments are a particular strength.

EBD - Estacién Bioldgica de Dofiana. Montserrat Vila focuses on risk assessment of
European invasive species, biotic and abiotic factors affecting invasion success as well their
impacts on ecosystem services.

Penn State - Department of Biology, Pennsylvania State University. Professor Katriona
Shea and her students develop population models for weeds and use these models to explore
potential management strategies. We have a shared interest in developing a better
understanding of the spread and management of thistles in pastures.

13



4.1. AgResearch

Weeds research capability in AgResearch is at a critically low level (Table 2). This is a result of
ongoing losses of science and technical staff since the formation of the CRIs. Funding shortfalls
are due to the combined effects of unsuccessful weed management funding proposals and the
effects of inflation on SSIF-funded weed research programme.

Ruakura-based capability consists of Trevor James (Scientist, 0.8 FTE), Chris Buddenhagen
(recently appointed Post-doc scientist, 1.0 FTE), Claire Dowsett (Technician, 0.8 FTE) and Mike
Trolove (Technician, 1.0 FTE); a total of 3.6 FTEs.

Lincoln-based capability consists of Graeme Bourd6t (Principal scientist, 1.0 FTE), Shona
Lamoureaux (Scientist, 0.8 FTE), Mike Cripps (Scientist, 1.0 FTE) and Sarah Jackman
(Technician, 1.0 FTE); a total of 3.8 FTEs. In addition at Lincoln, the team currently supervises
five weed science students (Dilani Kasundara Hettiarachchi, Bethanne Smith, Caitlin
Henderson, Aaron Sakala and Jovesa Navukula)

The total annual budget (FY19) required to maintain this team of 4.6 scientists and 2.8
Technicians is $2,355,477. Currently, 52% of this cost is covered by SSIF funds ($1,222,000).

Table 1. Summary of weed research capability in AgResearch for FY18 and FY19. Budget
requirement for FY19 assumes all roles are permanent (1.8 Scientist FTE at Ruakura) and
$20,000 operating/Scientist FTE).

FY17-18 FY18-19
Scientists Technicians Scientists Technicians
Ruakura 0.8 1.8 1.8 1.8
Lincoln 2.8 1.0 2.8 1.0
3.6 2.8 4.6 2.8

4.2.0ther NZ organisations

MWLR - Landcare Research Weed research capability at Landcare Research consists of
Simon Fowler, Ronny Groenteman, Lindsay Smith, Hugh Gourlay, Quentin Paynter, Lynley
Hayes (weed biological control) and Duane Peltzer and others (Wilding tree ecology).

LU - Lincoln University Weed research capability at Lincoln University resides in Phil Hulme
and Jon Sullivan (weed invasion ecology), Seona Casonato (plant pathogens for weed control)
and their post-graduate students (about 6).

MU - Massey University Weed research at Massey University resides in Kerry Harrington and
his post-doc researcher, Hossein Ghanizadeh (herbicide resistance).

14



Scion Scientists at Scion are exploring the potential of remote sensing in planation forest weed
management

DoC - Department of Conservation Research on strategic weed management approaches in
conservation areas, measuring management effectiveness, risk-assessment and weed biology.
Often the work emphasizes woody weeds.

MPI - Ministry for Primary Industries Weed risk analysis, pathway analysis, incursion
response, plant quarantine, border biosecurity.

BS-UC - Biological Sciencesi University of Canterbury David Kelly has been a leader in
population modelling for NZ plants including weeds.

AERU i Agribusiness and Economics Research Unit Caroline Saunders and her team at
Lincoln have expertise in quantifying the economic effects of weeds and their management in
New Zealand.

NIWA i National Institute of Water and Atmospheric Research Weeds of fresh water and
riparian vegetation.

15



Pastoral sector weed management issues identified by the industry and science
representatives at a workshop, and their grouping into Key Issues, are given along with the

workshop methodology, in the Appendix 1. A total of 37 issues were identified by the two

groups of participants. Looking at the number of votes given to each of these issues, there is

evidently no strong correlation (agreement) between how industry and science perceive their

i mportance. For exampdds 0 trheec eisvseude 1A Sil redeypsetrr ywev
votes. By cdHarmaweedfibhnbeecurityo received 4 and
when we group these two issues, and the others raised at the workshop that also reflect an

underlying concern about the spread of weeds to new places (under the Key Issue, Internal

biosecurity), we see a much greater level of agreement between industry and scientist

perception with 12 and 22 industry and scientists votes respectively (Appendix 1).

Looking across all 37 issues, we have been able to group them into a set of 8 Key Issues
(Table 2). These Key Issues (challenges) are defined as follows:

1. Internal biosecurity

There is widespread concern that New Zealand has many naturalised weedy adventive
plant species that have not yet occupied their potential distributions. Identifying these
species and predicting their likely future population trajectories is required in order to
quantify the risk that they present and make informed and cost-effective decisions
about their management.

2. Herbicide resistance

Concern that the pastoral sector will lose currently effective herbicides through evolved
resistance in weed populations is at the heart of this issue. Several economically
important pastoral weeds in New Zealand, such as giant buttercup and nodding thistle,
have already evolved populations that are resistant to the phenoxy herbicides. The
recent confirmation that ryegrass populations have evolved resistance to glyphosate in
New Zealand, one of the most widely used herbicides in pasture renovation, along with
anecdotal evidence of other weedy grasses becoming resistant to other classes of
herbicides in forage crops, has fuelled this issue. Its importance is highlighted by the
knowledge that effective, alternative modes of action, are unlikely to be developed by
the global agrichemical industry and so preserving the efficacy of our existing
herbicides is vital.

3. Alternatives to herbicides

Reliance upon chemical herbicides for pastoral weed control is increasingly becoming
unsustainable not only because of evolved resistance in weeds, but also because of
public health and environmental concerns over herbicide use, increasing industry and
market requirements for residue-free farm produce, regulatory constraints on herbicide
application practices, fewer new herbicides becoming available, withdrawal of
herbicides from the market and the global increase in organic agriculture. As a result,
there is a pressing need to develop alternatives to synthetic chemical herbicides. There

16



is, for example, considerable unexplored potential to utilise natural enemies for
O6bi ol ogical 6 we e (Boucdbti& Crippsl2018).n past ur es

Pasture invasion by weeds

The need for pastures that persist following sowing and forage crops that are less prone
to invasion by, and yield losses due to weeds, are key considerations here. The
underpinning idea is that by understanding how weeds invade these systems, the
invasions might be prevented resulting in more persistent pastures and higher-yielding
forage crops.

Behaviour change

This Key Issue reflects a perceived need, especially among pastoral industry people,

that weed control is too often reactive (after the problem has arisen) rather than
proactive (preventing the problem fstorah ari si
farmers about the economic effects of weeds and the economic benefits accruing from

preventative actions.

National weeds strategy

New Zealand could benefit from having a national strategy on weeds that provides
priorities to guide research and weed management investment. For example, Australia

has such a strategy 6The Australian Weeds !
framework for addressing weed issues whilst maintaining the profitability and
sustainability of Aust thareducnd the imppact aiveeedgoni ndust r

the environment.

http://www.agriculture.gov.au/pests-diseases-weeds/pest-animals-and-weeds/review-
aus-pest-animal-weed-strategy/aus-weeds-strateqgy.

Weeds in waterways

An on-farm issue that restricts water flow and potentially causes downstream weed
infestations in pastures (e.g. alligator weed). In addition, the new requirement for farm
environment plans and fenced waterways has created a new dimension to weed
management and associated nutrient runoff management.

Diverse-pasture herbicide options

Pastures sown with a mixture of grasses and nitrogen-fixing legumes have traditionally
featured on New Zealand farms. These mixtures provide many hurdles for selective
weed control using herbicides that tend to be either grass or broadleaved weed killers.
Few herbicide products exist, even today, that can remove grass or broadleaved weeds
from a pasture without also damaging either the grass or legume component. This
problem has escalated for modern-day pastures that are sown not just with a grass and
a legume, but also with chicory, plantain and other broadleaved plants.

17
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These 8 Key Issues fall into three distinct groups regarding their overall importance as

perceived by the workshop delegates (Table2) . The first three, o6l nterna
resistanced and OAlternatives to heB3RXOGIDEesSsDO, we
of the total votes. The next two, OPasture invas
lesser importance, receiving 30/129 (23%) of the total votes. The last set of three Key Issues,
6National weed strategy6b6jverseWastdsrienheabecwdegs 0 pt
the lowest in importance with 16/129 (12%) of the total votes.

The Key Issues also exhibit another grouping with regard to their perceived importance. The
first five were considered of equal importance by industry but fell into three importance groups
for the scientists with o6l nternal bi osecurityd ¢
resistanced and OAlternatives to herbicidesdé and

Table 2. Summary of the results of the Weed Issues workshop held at Lincoln on Monday 20
November 2017. The summary shows the distribution of 129 importance votes (by industry
and scientist delegates) among eight high-level Key Issues that were derived by grouping the
37 issues raised and discussed at the workshop (Appendix 1). NB, regional councils provided
a written report detailing a 10-year vision and key issues for pastoral weed management
(Appendix 3)

Votes Votes Votes

(industry) (scientist) (Total) Distribution
Internal biosecurity 12 22 34 26%
Herbicide resistance 10 14 24 19%
Alternatives to herbicides (lacking) 11 14 25 19%
Pasture invasion by weeds 9 7 16 12%

Behaviour change (needed) 11 3 14 11%

It is relevant to acknowledge here that the importance assigned to these Key Issues reflects
the interests and perceptions of the workshop delegates and that different results may have
arisen given a different set of industry and science people. For example, the low importance
assigned t o atmByeehda vbiyo u riiTablé)no doubt réflscts the fact that there
were no social scientists among the 12 scientist delegates. Despite these considerations, the
workshop results in Table 2 provide a defendable basis for recommending how AgResearch
weed research capability should be positioned over the next ten years. This is discussed in
detail in Section 7 below.
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Our strategy for using science to inform the pastoral weed issues identified in the previous
section is summarised in thealdi Sgctaomr "TRéee AgRie s &
The diagram presents the key issues as scientific6 Chal | engesanoakonaf | widvvhsi
for pastoral weed research in AgResearch. At a high level, meeting the sector Challenges will

require the realisation of some keyint er medi ate O6Outcomeso, successf
within a set of rel evant 6Target Research Areac
Capahb,ilandda plan detailing 6Key Initiatives©o.

In the following subsections we provide a narrative for the Strategy where we expand on each
of its components under Outcomes and Target Research, Alignment and Resourcing.
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