
VAL MCMILLAN 
021 730 583 

STEVEN BIEREMA 
03 302 2655

DR TONY GREGSON 
Appointed Member

HUGH RITCHIE (Chairman) 
06 856 8279 

PAUL MACKINTOSH 
027 446 3166

JOHN CARADUS 
Appointed Member

STEVE WILKINS 
027 437 5209

GUY WIGLEY 
027 603 3821

MIKE HEDLEY 
Appointed Member

Members of the FAR Board 

A D D I N G  VA L U E  T O  T H E  B U S I N E S S  O F  C R O P P I N G

Foundation for Arable Research
PO Box 23133, Hornby, Christchurch 8441
Phone: 64 3 345 5783  Fax: 64 3 341 7061

Follow FAR:   www.far.org.nz

From the Ground Up: ISSN 2324-1411 (Print) ISSN 2324-142X (Online)

A D D I N G  V A L U E  T O  T H E  B U S I N E S S  O F  C R O P P I N G

ISSUE 100 I SUMMER 2020

Focusing on a 
positive future

A D D I N G  V A L U E  T O  T H E  B U S I N E S S  O F  C R O P P I N G

ISSUE 101 I AUTUMN 2020

Climate change and 
seed production...

Action on agricultural emissions 
He Waka Eke Noa

Straw into gold



 NEW IDEAS

12 Straw into gold

29 Cut the Crop!

30 A growing hempire

 

 MAIZE

24 Cover crops... 
 providing valuable 
 weed suppression in 
 maize grain

25 Maize levy

26 FAR withdraws from 
 MPT programme

 ENVIRONMENT

6 Climate change 
 and seed production.. 
 towards 2050

7 Funding for catchment 
 improvement

 

8 Action on agricultural 
 emissions 
 He Waka Eke Noa

11 National soil carbon 
 benchmarking

16 New mineralisable 
 N test

22 An arable agchem 
 stocktake

27 Forages for reduced 
 nitrate leaching

 

 SEEDS

10 Bacterial blight 
 challenges seed 
 exports 

18 Glyphosate resistant 
 ryegrass turnaround

20 Don’t underestimate 
	 the	humble	fly

23 Better than a day at 
 the races!

 BIOSECURITY

28 Crop pest 
 moving closer

 

What we 
learned from 
COVID-19 
The initial Level 4 lockdown imposed in response to COVID-19 
was unprecedented for New Zealanders, and, on the whole, we 
can be proud of how the country responded. Most people have 
taken the advice to “stay home and save lives” very seriously. 

Some of us found Level 4 easier than others. Farmers stayed 
on their farms, doing what they do so well, welcoming essential 
supplies and advice from essential suppliers and advisors, at 
a safe two metre distance. The rest of the population walked 
away from their workplaces and set up office from home (if they 
were lucky), or were forced to sit idle, waiting for the lockdown 
to end. We all called our nearest and dearest home from 
schools, universities, jobs and flats around the country (and the 
world) and settled in, to wait it out, in our ‘bubbles’.

And while we were in our bubbles, it became apparent that 
most of us were a lot better at using technology than we 
thought. We were forced to embrace digital tools previously 
considered the domain of big city people. Our children, from 
pre-schoolers to university students, talked to their teachers 
and classmates in virtual class rooms, while we videoed our 
way through virtual ARG meetings, Autumn Round-Ups, 
Lions’ meetings, book clubs and Saturday night drinks. 
Congratulations to everyone who joined the FAR meetings 
– technology can be scary and many of you would not have 
considered a video results session either doable or desirable a 
few weeks ago.

It wasn’t all plain sailing. Some of us were quite reliant on the 
‘digital natives’ for advice, and rural cell phone and internet 
coverage isn’t great for everyone, but for most of us, the time 
spent in lockdown, was nowhere near as difficult as it would 
have been 20, 10 or even 5 years ago. 

This bodes well for our planned Growers Leading Change (GLC) 
extension programme. GLC, which we hope to launch later 
this year, will focus on grower to grower learning via grower-led 
Arable Growth Groups and Pathfinder Farms. The success of 
video meetings during the lockdown, has shown their strength 
as an extension method, able to bring together issues-based 
or regionally focused groups, when the cost of time or travel 
doesn’t allow face to face meetings. Watch this space.

NB I’m writing this in the first week of the shift to Level 3. 
Fingers crossed all has gone well since then. Watch this space! 

Anna Heslop, Anna.Heslop@far.org.nz

PEOPLE

 PEOPLE

3 What we have learned 
 from COVID-19

4 Focusing on a 
 positive future

5 A word from 
 the Chairman

 CEREALS

14 Cereals: a 2019/20 
 summary

 

19 Cereal endophyte 
 research makes 
 progress on wheat

Contents

Annual Return Forms 
In January FAR distributed its Farmer and Wholesaler Annual Return forms. 
The due date for these forms has been extended to Friday 29 May 2020.

The purpose of the Annual Return Form is to remind both growers and wholesalers of their obligation to pay or forward 
the levy by declaring all sales of grain and/or seed for the year of 1 January – 31 December 2019. This ensures that the 
levy system is fair and equitable.

Completing the Annual Return form is a legal requirement, even if it is a ‘nil’ return. Failure to return the form may 
result in legal action. Annual Returns can also be completed online. Just click on the link on the front page of the FAR 
website, and follow the instructions.
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Focusing on a 
positive future
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A word 
from the 
Chairman
Recent weeks have presented more change than anyone could have 
guessed, and, at time of writing, the future remains a little uncertain. 
We are very lucky as an industry that our livelihoods are secure and 
most of our supporting businesses are also likely to emerge intact. 
However, many other businesses will be not so fortunate, and we need 
to be very aware of this when engaging at all levels going forward.

With this in mind there are likely to be new opportunities to explore. 
The label ‘essential service’ is one we have always believed was 
appropriate but has been brought to the fore by the pandemic. The 
economic reliance that New Zealand now places on the primary 
sector has already seen policy to accelerate infrastructure spend, and 
it is likely that other areas such as research and market development 
could also be enhanced. We all need to be open to these options but 
must also continue to meet public expectations around acceptable 
management practices.

At the Board’s last face to face meeting in March, we worked on a 
new strategic plan. This is currently at a first draft stage. As noted in 
the CEO’s article, identifying completely new crop options is hard, but 
new markets and/or added value products are areas that may offer 
some solutions. Consumers are going to be far more aware of where 
their food comes from and will place a value on that knowledge. The 
trick will be for growers to capture some of this value. This is in line 
with the concept that FAR activity should deliver economic outcomes 
to its levy payers.

It could be some time before travel and face to face contact become 
the norm, but in the meantime, Alison and the rest of the FAR team 
will work on ways to effectively engage with our growers…video and 
technology will be at the fore. I must say not leaving Hawkes Bay for 
the best part of a month has been great!

With harvest all but over, with the exception of the maize crop, and 
autumn planting in full swing, we can reflect on the season gone. 
Climate, once again was the main contributor to harvest outcomes and 
it is becoming clear that diversity does help to manage resilience. All 
of these outside influences create problems, but they may also provide 
individual grower or industry wide opportunities worth exploring. 

In the meantime, make the most of your bubbles, check in on 
associates and keep safe. 

Hugh Ritchie

if allowed to establish in New Zealand. In addition, we are 
also now a formal member of the Plant Biosecurity Council, 
an organisation that brings all the plant sectors together to 
identify common biosecurity threats. This collective will help 
us to leverage our limited resources with the other sectors and 
hopefully build a stronger line of defence to protect our crops 
from future damage.

We have also just signed off on our commitment to the 
HortNZ led A Lighter Touch research programme that aims 
to transition the horticulture, vegetable and arable sectors 
to more sustainable pest management systems. This is 
part of FAR’s larger theme of work focused on creating 
environmentally and socially resilient farm systems. Combined 
with our work on optimising nutrient and water use efficiency 
and improving soil health, this programme will help us to meet 
our twin goals of providing growers with the necessary tools 
and resources to meet their farm environmental compliance 

I want to focus 
on the positive 
things that 
FAR can do for 
growers over 
the remainder 
of this year.
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It would be very easy to write this article through the lens of 
COVID-19, outlining all of the challenges that FAR now faces in 
being able to deliver on our research activities, but that seems 
very disingenuous to all of those people in New Zealand who 
are really going to struggle to make ends meet over the coming 
months, even years. So, instead, I want to focus on the positive 
things that FAR can do for growers over the remainder of this year.

After six years of discussions, consultations and reconfigurations, 
the arable sector has finally signed up to the Government 
Industry Agreement (GIA) for biosecurity readiness and 
response. This means that we are now in the same tent as 
many other plant sectors with respect to having a say in how 
the government responds to any biosecurity incursion that may 
affect arable crops. We now have a formal seat at the table 
for readiness activities associated with Brown Marmorated 
Stink Bug, a high priority pest with a wide host range that 
could devastate many horticultural crops, including maize, 

requirements, and, being able to showcase 
arable cropping as an attractive land use option 
that can deliver positive economic returns 
and favourable environmental outcomes. 

Of course, doing the research is only the 
first part of the journey. Our proposed new 
Growers Leading Change (GLC) knowledge 
exchange platform will be the conduit by 
which FAR supports growers throughout 
the different regions to adopt the necessary 
on farm practice changes. FAR will use the 
coming winter months to start planning and 
communicating to growers how the new 
platform will work and how growers can 
actively engage in this new initiative.

As much as FAR has been focusing on 
supporting growers to meet environmental 
compliance over the last few years, we 
cannot ignore the real challenges ahead in 
maintaining the profitability of the sector. To 
achieve our goal of making arable cropping 
an attractive land use option, we have to find 
more opportunities for value add. This could 
be through expanding existing markets, 
creating new markets and/or gaining a 
premium for an existing or new product. 

FAR has invested in research on new crop 
opportunities like sunflower, durum wheat 
and faba beans etc and we have supported 
other agencies, including grower groups, to 
explore new markets such as plant-based 
milk and seed oils. While some progress has 
been made on these initiatives, it is clear 
that the main challenge is not in learning 
how to grow a new crop, but in determining 
what the market is for the product and 
whether it will deliver a better return to 
growers than their existing crops. If the 
answer to the latter is ‘no’ then there is no 
value in conducting the agronomic research. 
It makes sense, therefore, for FAR to invest 
in market analysis research as the starting 
point for any new project looking at future 
food opportunities. Recently, as part of our 
milling wheat self-sufficiency initiative, we 
commissioned market research on whether 
consumers would be willing to pay a 
premium for New Zealand grown grain. The 
results provided a good understanding of 
what product attributes we need to focus on 
when growing milling wheat, and will help to 
inform FAR’s research activities. Interlinking 
market research with agronomic research 
is the key to moving the dial for our growers 
and creating added value within existing and 
new production systems.             

Alison Stewart, CEO
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It would be cool if we could…
•	 Establish some nice native plants 

along that creek bank.
•	 Set up a local farmers’ market or 

fresh food bank. 
•	 Put a walking track along the river.

If you’re looking for money and muscle to support 
an “it would be cool if we could…” idea for your 
community or catchment, let us know.

As part of the government’s COVID-19 recovery 
strategy, the Ministry for Primary Industries 
(MPI) is looking for projects that could provide 
employment in rural areas and contribute to 
social, environmental, and economic outcomes.

MPI has funds available through their Productive 
and Sustainable Land-Use (PSLU) package to 
support the primary sector’s transition to more 
productive and sustainable land use. Post-
COVID-19, some of those funds will be available 
for farmer or community-based projects, such 
as the fencing and planting of riparian areas, that 
could create immediate employment.

FAR is compiling a list of potential projects for the 
arable industry, if you have any ideas, please let 
us know, asap, and we’ll pass them on.

For more information contact 
Anna.Heslop@far.org.nz    

New Zealand’s climate is well suited to growing temperate 
forage and cereal species. A quick glance through our cropping 
history shows the Canterbury wheat boom of the 1870s, the 
development and production of globally successful cultivars such 
as Nui and Huia, world records in barley and wheat production, 
and the ongoing quality of New Zealand dairy, meat and wool 
production – all of which are underpinned by the arable sector. 
Looking forward to 2050, there will be some challenges to meet 
in order to maintain this tradition of excellence. 

The key long-term driver of arable challenges and opportunities 
will be the changing climate. In 2018, the National Institute of 
Water and Atmosphere (NIWA) produced estimates of future 
climates at the regional level, identifying a number of climate 
trends to be considered for future planning. Of these, the most 
concerning are increases in the number of days per year where 
temperatures top 25°C, Potential Evapotranspiration Deficit 
(PED), and the frequency of droughts and floods. Changing 
climatic conditions are also likely to impact on pollinators, pests 
and diseases. 

Increased temperatures
NIWA predicts that, depending on 
where you are in New Zealand, the 
number of hot days will increase by 
anything from 40 to 100 percent by 
2040, and while Canterbury sits at the 
lower end of that scale, increases would 
still have a big impact. For example, 
Darfield currently averages around 45 
days above 25°C per year, with NIWA predicting that this could 
increase to as many as 57 by 2050, and that the rest of the 
Canterbury Plains would be similarly affected. 

The implications for crops are many and varied. Generally, 
increased temperatures mean lower seed and grain yields; this 
is because the increased temperatures reduce the duration of 
various plant growth phases, leading to earlier harvests. For 
example, Australia currently has earlier harvest dates and lower 
yields than New Zealand. Short periods of high temperatures 
during seed development have been shown to significantly 
reduce seed vigour. Furthermore, high temperatures during 
flowering may disrupt pollinators and reduce pollen viability in 

some species. Warmer springs and longer hotter summers 
would impact on spring sowing dates and crop flowering and 
heading dates, which in turn will require plant breeders to come 
up with cultivars suited to the new conditions – allowing crops 
to avoid temperature spikes and water shortages in the latter 
part of the season. SIRC is currently setting up experiments 
to test the effect of high temperatures at critical times of seed 
production in ryegrass. 

Precipitation
NIWA has also produced several 
precipitation and river flow 
projections, but the findings have 
not been consistent. For Canterbury, 
there is a slight lean toward 
increased spring, summer and 
autumn precipitation and decreased 
winter precipitation. Other east coast 
areas may fare similarly, but with less spring precipitation. 
Waikato may see more winter precipitation, with no change in 
other seasons, while Southland may be wetter all year round, 
leading to increased water logging.

Drought severity and frequency are predicted to increase for 
most regions with the exception of Southland, the West Coast, 
and Taranaki. The number of dry days is expected to stay 
approximately the same in Canterbury, but to increase slightly in 
Nelson-Tasman and the whole of the North Island. 

Climate change 
and seed production…
towards 2050

Most concerning are increases 
in the number of days per year 
where temperatures top 25°C, 
Potential Evapotranspiration 
Deficit (PED), and the frequency
of droughts and floods.

Evapotranspiration
An increase in Potential 
Evapotranspiration Deficit (PED) 
is also predicted for most of New 
Zealand (as with drought frequency, 
the exceptions are Southland, West 
Coast, and Taranaki) and, assuming 
land use remains unchanged, this increase is likely to be met by 
a corresponding increase in demand for irrigation. 

Organising crop rotations to include crops with lower water 
requirements during spring and early summer e.g. white clover, 
or spring sown crops such as sunflower or maize, to minimise 
exposure to water shortages in early or late summer will 
become increasingly important, as will the development and 
use of drought tolerant varieties. Growers will also need to think 
about whether their existing irrigation scheduling, equipment 
and water allocations have the capacity to meet future water 
deficits. For example, currently ryegrass seed crops may use 
45+ mm of water a week during high demand. Would you be 
able to supply 60 mm of irrigation each week in a seriously 
reduced rainfall scenario?

Pests and pollinators 
The predicted effect of climate change 
on pollinators, weeds, pests, and diseases 
varies between species, regions and 
crops. The distribution of some weeds, 
particularly summer grasses, insect 
pests and crop diseases will expand 
southward, as frost free areas and 
season length increases. Stem rust of ryegrass may become 
more severe in the South Island if the number of frosts reduces, 
morning dews remain and average spring temperatures 
increase. Some current biological controls may become less 
effective, while others may work better under new conditions. 

Challenge or opportunity?
As temperatures and irrigation 
demands increase, some common 
forage species, particularly ryegrass, 
will become more challenging to 
grow, both for seed production and 
pasture. However, there may be an 
increase in demand for tall fescue 
and cocksfoot. Other crops such as sunflower are currently 
being investigated by FAR and may play a valuable role in the 
cropping rotations of the future. 

In the meantime, it is important that the range of optimal 
growing conditions of existing crops is widened through 
breeding, and the development of crop-specific agronomic 
practices will reduce risk to production from unknown future 
growing conditions. 

This article was prepared by Nicholas Davies, who 
holds a Seed Industry Research Centre (SIRC) funded 
post-doctoral position at AgResearch Lincoln. 

ENVIRONMENT

Funding for 
catchment 
improvement
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The vision of this programme, 
which has been named He Waka 
Eke Noa (we’re all in this together), 
is to establish a unique and 
relevant New Zealand response to 
climate change by building strong 
partnerships with shared ideas, 
collaborative directions, and a 
common belief. On the ground, it 
aims to ensure all farmers and 
growers have the knowledge and 
tools to deliver emission reductions 
whilst maintaining profitability.

Action on 
agricultural emissions
He Waka Eke Noa 

Progress to date
Farm emission reporting
There are several ways of doing this that may be applicable to arable farms. Either a simple arithmetic method, suitable for 
cropping systems, e.g. Nitrous oxide emissions = N content of fertiliser x tonnes of fertiliser applied x emissions factor. The 
emission factor will be a constant agreed value for New Zealand farms.

Or, for mixed systems with crops and stock, the Overseer GHG emissions report may be the best option, especially if you have 
already invested in Overseer reports for compliance reporting.

Sequestration
Options for cropping farms are currently limited to retirement of land for forestry blocks and/or indigenous plantings. The 
contribution from shelterbelts, riparian plantings and wetlands is seen as important by farmers and will be assessed. Soil 
carbon sequestration will not be included, but there may be opportunities for different systems, e.g. reduced tillage, to be 
recognised for the benefits they accrue. 

Pricing
This is a complex topic with different methodologies. Discussions have focused on developing fair systems for all farmers and 
land-uses. We will have to watch this space. 

Farm environment plans (FEPs)
FEPs will be mandatory for all farms and will be broadened to include the management of greenhouse gas emissions. FEPs 
play a key role and will do this by taking farmers through a process that involves: 

• Calculating the farm’s agricultural emissions and identifying their key sources. 
• Identifying carbon sinks on the property, e.g. regenerating native bush. 
• Identifying the options to reduce greenhouse gas emissions and their interaction with other environmental objectives. 
• Identifying and prioritising specific mitigations with reference to other business objectives.

FAR is supporting the He Waka Eke Noa process because it is the best opportunity to develop fair and equitable ways to 
reduce greenhouse gas emissions from arable farms.

For further information please contact Diana.Mathers@far.org.nz

The vision of this programme, which has been named He 
Waka Eke Noa (we’re all in this together), is to establish 
a unique and relevant New Zealand response to climate 
change by building strong partnerships with shared ideas, 
collaborative directions, and a common belief. On the 
ground, it aims to ensure all farmers and growers have the 
knowledge and tools to deliver emission reductions whilst 
maintaining profitability.

There are eight workstreams in the He Waka Eke Noa 
programme, and prior to lockdown, FAR staff and some of 
our growers have been involved in workshop discussions to 
identify what has already been achieved and set objectives 
for what still needs to be done. It is important that we are 
there to represent the arable sector. Topics covered to date 
include on-farm emissions reporting, on-farm sequestration 
and on-farm emissions pricing. Farm environment plans, 
extension and innovation are also on the agenda.New Zealand has committed to reducing greenhouse gas 

emissions to 30% below 2005 levels by 2030 as part of 
the Paris Agreement … and agriculture has a big part to 
play. Methane and nitrous oxide from our farms make up 
about half of our national greenhouse gas profile. Emissions 
from all other sectors are priced through the New Zealand 
Emissions Trading Scheme (NZ ETS). The ETS was originally 
designed to include all sectors and all gases, but agriculture 
was excluded and agricultural emissions are not yet priced. 
In fairness to the other sectors, our primary industries must 
play their part.

Over the last 25 years, farmers have improved their 
production efficiency, and gas emissions per unit of product 
have reduced by about 1% each year. These improvements 
have helped stabilise methane and nitrous oxide emissions, 
but stabilisation is not enough; we need to find practical and 
cost-effective ways of reducing these emissions.

In May 2018, New Zealand’s Interim Climate Change 
Committee (ICCC) began work to inform policies to help 
reduce agricultural greenhouse gases. They found no easy 

ENVIRONMENT

answers, but, on balance, they concluded that the best way 
to motivate all farmers to reduce emissions on their farms is 
by pricing them. A pricing mechanism has benefits because it:

• Gives farmers autonomy to choose what actions to 
take on their farm.

• Rewards those farmers who take positive actions and 
those who go the extra mile.

• Can be managed to ensure that emissions reduce in 
line with national targets. 

• Is likely to result in emission-reductions at the lowest 
cost to the sector.

The ICCC also concluded that emissions from livestock 
should be priced at the farm-level, whereas emissions 
from nitrogen fertiliser should be priced at the fertiliser 
manufacturer and importer level.

The government has listened and developed a five-year 
programme with the agricultural sectors and iwi to make sure 
an emissions pricing scheme is workable and effective. 
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National soil carbon 
benchmarking 

Under the United Nations Framework Convention on Climate Change 
and the Paris Agreement, New Zealand is obliged to provide an annual 
report of its man-made (anthropogenic) greenhouse gas emissions and 
removals. To meet these obligations, the government recently released its 
Zero Carbon Amendment Act, which requires agricultural industries and 
farmers to understand and report their net greenhouse gas emissions.

National-scale changes in soil carbon are estimated using a statistical 
model that predicts changes in soil carbon associated with changes in 
land use between broad classes (e.g. pasture to cropping). This well-
established approach relies on two assumptions; first, that soil carbon 
will remain at a steady state within an unchanging land use class, even if 
management practices within that land use class change, and second, 
that changes in a land use class will alter soil carbon levels, over a period 
of twenty years, to a new steady state.

To contribute towards New Zealand’s commitments, FAR is supporting 
a long-term national programme designed to directly measure changes 
in soil carbon at 500 agricultural sites all over New Zealand. This soil 
carbon benchmarking project will improve New Zealand’s ability to report 
greenhouse gas emissions and removals. It is being led by researchers at 
Manaaki Whenua - Landcare Research and funded by the New Zealand 
Agricultural Greenhouse Gas Research Centre and the Ministry for 
Primary Industries. 

FAR environmental researcher Abie Horrocks says about 80 of the 
selected monitoring sites are located on cropping land, so the project 
will also provide our industry with valuable information on soil carbon 
stocks and trends in cropping systems. The benchmarking programme 
will measure soil carbon in 10 cm increments down to 60 cm (where 
possible). Repeat monitoring will be reported on every four to five years, 
to track changes over time. The sites have been selected at random and 
participation is voluntary and anonymous. 

For more information contact Abie.Horrocks@far.org.nz

In recognition of the increasing importance 
being placed on soil and soil management by 
farmers, the public and policy makers, FAR has 
established Soil Resilience as one of four inter-
related programmes in our soon to be released 
Environmental and Social Best Practice strategy.

“There are a range of reasons why cropping farmers may want to know 
how their soil carbon levels are tracking over time. Soil carbon stocks are 
an indicator of overall soil health, as carbon influences many soil functions. 
Additionally, Plant & Food Research monitoring has shown that crop yields 
tend to increase as soil structural condition and aggregate stability increase, 
and both of these indicators are strongly correlated with soil carbon.”

Target land use class:
 Cropland
 Horticulture
 Dairy pasture
 Flat-rolling drystock pasture
 Hill-country drystock pasture

Approximate distribution of the randomly selected 
monitoring sites across New Zealand.

ENVIRONMENT

Bacterial blight 
challenges seed 
exports 

applications such as copper-based bactericides and antibiotics 
can also be effective, but will not provide a long-term solution 
due to the likely development of resistance and the possibility 
of market access issues. Pathogen-free seed is also important; 
however, even modern DNA methods might not be able to 
detect very low levels of the pathogen. Seed treatments, such 
as a 24-hour soak in 0.5% hydrochloric acid followed by a wash 
in water and hot water immersion, are another option, but they 
are expensive. And even after such treatments, crops can still 
be contaminated via secondary infection from Pseudomonas 
living in the environment.” 

In some crop production systems, biological-control approaches 
have also been trialled. In kiwifruit, for example, a product has 
been developed that supresses Pseudomonas while another 
has been used to induce plant resistance to disease. 

Dr Rolston says that for now, avoiding sowing into paddocks or 
residue that could be infected with Pss is the best bet, but even 
this is tricky, as the range of potential host plants includes most 
brassicas (crops, volunteers and weeds), peas, grasses and 
some cereals. 

Researchers and industry are scrambling to find workable 
solutions for bacterial diseases in seed crops, especially those 
destined for overseas markets.

FAR seed researcher Phil Rolston says that in the past year, 
there have been several incidences of New Zealand grown 
seed-lines being rejected by overseas buyers, due to the 
presence of bacterial pathogens. 

“New Zealand radish seeds have tested positive for both 
Pseudomonas syringae pv. syringae (Pss) and Xanthomonas 
species. Pss causes bacterial blight in radish and beet crops and 
is a big problem in the high-end micro-green/baby-leaf market, 
where its presence on seed can result in unsightly black spots on 
salad leaves and can reduce the shelf life of these products.”

Bacterial pathogens Pss and Xanthomonas have also been 
detected this season in cocksfoot seed crops, associated 
with head bleaching. Dr Rolston says Pss is ubiquitous in the 
environment and commonly associated with diseases of crops. 
It is related to Psa, the bacterial pathogen that threatened to 
devastate the kiwifruit industry 10 years ago. 

The widespread nature of these pathogens can make it difficult 
for growers to manage it in their crops. “Pseudomonas diseases 
usually follow some type of injury or abnormally wet conditions. 
The pathogen can be spread via contaminated seeds or plants, 
insects, sprinkler irrigation, alternative hosts and crop residue 
but especially by rain. Seed spread can occur and, under the 
right conditions, just five infected seeds in 10,000 can cause an 
outbreak. Plant debris is another important source of infection. 
Some Pss strains can survive for more than a year on crop 
residue and soil, but only two weeks on soil alone.” 

“Pss spread is highly influenced by environmental conditions. In 
the field, cool, wet weather favour its development, and rain and 
wind spread the bacteria from sources of contamination. Plants 
which have been damaged, for example by hail or machinery, 
are more vulnerable. Crop spread is also assisted by plant 
rubbing, people and machinery.”

Controlling bacterial pathogens in crops is very complex and 
there are not a lot of practical solutions. “Genetic resistance 
is the primary mechanism of combating them.Chemical 

Oregon growers use trickle irrigation to manage Pss in carrot 
seed crops. This option is one of several to be investigated in 
upcoming SIRC funded irrigation management research.

SEEDS
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Straw into gold

consented in 2017, clearly demonstrating that our 
grain growing sector does have the capacity to supply 
enough straw.”

So, was the first little pig on to something…or is there 
a big bad wolf out there, waiting to blow this idea 
away? A bit of both it seems. In a paper presented at 
the 53rd International Conference of the Architectural 
Science Association, 2019, Ms Hall noted that New 
Zealand currently had no building code for straw 
bale construction, meaning that building consent 
applications must be made as alternative solutions. 
However, earlier this year, the Standards New Zealand 
committee which has been reviewing the Earth Building 
Standards, published revised standards, which include 
an appendix on straw bale building. Ms Hall, who is a 
member of the Standards New Zealand Committee, 
says this is a step in the right direction and will make it 
easier for Building Consenting Authorities to process 
applications involving straw.

The lack of building expertise and regulations would 
need to be addressed before the method becomes a 
viable option for mainstream construction. She believes 
that the biggest challenge is likely to be convincing a 
“conservative construction industry that building with 
straw is a serious proposition”. 

Watch this space!

For more information on this project contact Min Hall at 
mhall2@unitec.ac.nz . The Unitec team are looking for 
partners in this project, so if you’re interested, please 
contact Min. Imagine a farm office or sleepout built out 
of straw grown on the farm!

Finally, we put the two lots 
of information together and 
worked out that, taking a 
conservative approach, over 
2200 such houses could be built 
annually using New Zealand 
sourced Project Pātūtū panels. 
That’s about ten percent of 
the total number of detached 
houses consented in 2017, clearly 
demonstrating that our grain 
growing sector does have the 
capacity to supply enough straw.”

1. New Zealand needs more houses.
2. New Zealand needs to reduce greenhouse gas emissions.
3. The construction industry is a big contributor to greenhouse gases.

So…building more houses, which we 
want, will increase New Zealand’s 
greenhouse gas emissions, which we 
don’t want. Not an ideal situation.

But what if there was a way to build those houses 
and reduce emissions? Enter registered architect 
Min Hall, a lecturer at the Unitec Institute of 
Technology in Auckland. Ms Hall, who has a 
particular interest in low energy architecture, is 
investigating design options for prefabricated timber 
and straw panels for the construction, at scale, of 
warm homes with very low carbon footprints. She 
says that prefabrication of building components 
can reduce waste, cost and building time, while 
increasing the quality of the end product. 

“Another benefit of pre-fabricated panels is that 
they can be delivered, ready to install; so although 
the building material itself is different, builders don’t 
require any new skills to use them. This is important 
when introducing a new product. In Project Pātūtū, 
a team of students, technical staff, architects and 
academics are investigating four straw and timber 
wall panel prototypes. The four options are: laminated 
veneer lumber, timber I-beams, sawn timber vertical 
trusses, and a ‘C’ frame, where sawn timber and 
plywood are incorporated to form a channel section.”

“Based on two existing Kiwibuild-approved plans, 
we worked out how many bales we would need to 
build a three-bedroom house, using the C-frame 
prototype. The number varied from 276 bales to 
289 bales, depending on the floor to wall ratio of the 
different house designs. Then, using harvest data 
from Statistics New Zealand and FAR, we estimated 
how much straw could be available if the panel 
construction method was approved. Finally, we put 
the two lots of information together and worked out 
that, taking a conservative approach, over 2200 such 
houses could be built annually using New Zealand 
sourced Project Pātūtū panels. That’s about ten 
percent of the total number of detached houses 

The team built a one third scale habitable building using seven ‘C’ 
frame panels and included it in their exhibit, ‘Straw into Gold’ at the 
BuildNZ exhibition in Auckland last year. Student is Vivek Gajanand.

Another key part of Ms Hall’s research is to identify whether 
New Zealand cereal growers produce sufficient straw to be of 
use should her idea take off.

NEW IDEAS
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Septoria tritici blotch (STB)
Four years of wheat cultivar x fungicide trials have highlighted 
the value of cultivar resistance as the foundation for disease 
control. Whether disease pressure conditions are high or low, 
selecting a resistant cultivar can reduce the potential for yield 
loss, especially if fungicide timings are not optimal due to a lack 
of spray windows. 

The 2019-20 season saw lower disease pressure than the 
previous season, which gave greater flexibility in fungicide 
programme choice. This can be a potential cost saver, but also 
allows for stewardship of at-risk chemistry, which will become 
an integral part of a new, seven-year Sustainable Food and 
Fibre Futures (SFFF) programme A Lighter Touch, which will 
focus on the development of lighter touch crop protection 
strategies for wheat.

Cereal Diseases
Ramularia leaf spot (RLS)
Ramularia leaf spot is proving increasingly difficult to control 
in barley crops globally. Isolate testing conducted by Plant & 
Food Research as part of a Sustainable Farming Fund project 
found 100% of SdhC isolates tested are now insensitive to 
SDHI chemistry, up from 96% in 2018. In addition to isolate 
testing, surveys of harvested grain were conducted to test for 
Ramularia DNA across a number of cultivars, sowing dates and 
barley growing regions. These were compared with historical 
samples dating back to the late 1960s. Of the 29 samples 
tested, 28 were positive for Ramularia. None of the historical 
samples tested positive. This indicates that Ramularia doesn’t 
discriminate between regions, sowing dates or cultivars.

Over the last three seasons, fungicide trials have been set up 
in autumn sown barley crops at Geraldine and Milford in South 
Canterbury. Disease assessment data from these trials showed 
the multi-site fungicide Phoenix® gave good control of RLS 
and, when combined with Proline®, increased yield. Currently 
Phoenix® is registered to Growth Stage 39.

CEREALS

Cereals: a 2019/20 
summary

Figure 1. Average monthly temperature, total monthly 
rainfall and mean daily solar radiation for Chertsey 
2018/19 and 2019/20. LTM = long term mean.
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Figure 2. Autumn sown feed and biscuit wheat four-year adjusted means 
(relative to site mean of 100) for three irrigated and three dryland Canterbury 
sites (irrigated mean yield 13.3 t/ha and dryland mean yield 10.8 t/ha).

SY114257
Kerrin (CK121)

Graham
KWW78+

KWW83
Firelight (KWW72)

CRWT245*
Ignite+

Wakanui
Reflection
CRWT233

Torch
Starfire

Ruapuna
Gator

 Irrigated yield (100 = 13.3) LSD 7  
 Dryland yield (100 = 10.8) LSD 11

+ Biscuit wheat
* Bread wheat

0 95 100 105 110

  Milford 2018-19 
cv. Cassia

Geraldine 2019-20
cv. Cassia

GS31 GS39/49 %LAA by RLS Yield (t/ha) %LAA by RLS Yield (t/ha)

Nil Nil 49.6 9.1 45.0 8.5

Proline 0.4 Proline 0.4 35.6 9.8 27.2 9.2

Seguris Flexi® 0.6* Seguris Flexi 0.6* 43.7 9.4 26.2 9.7

Proline 0.4 + Seguris Flexi 0.6 Proline 0.4 + Seguris Flexi 0.6 33.1 9.8 13.5 9.8

Proline 0.4 + Phoenix 1.5 Proline 0.4 + Phoenix 1.5 16.6 10.3 6.2 9.9

Mean 35.7 9.7 23.6 9.4

LSD 6.1 0.5 8.4 0.6

Table 1. Influence of Ramularia leaf spot (RLS) and yield relative to the untreated in autumn sown barley in South Canterbury in 
2018-19 and 2019-20.

*Experimental treatment only.

Cultivar performance trials
This season’s CPT trials saw some exciting new cultivars and some excellent yields in some regions, whilst challenging weather 
limited yields or resulted in the abandonment of trials in others. 

The combination of lower disease pressure during October and November, followed by above average solar radiation in December 
in Canterbury, led to a long, sunny, grain fill period, which was ideal for setting up high yields.

Wheat yields were above the four-year adjusted mean for Canterbury and the Manawatu, whilst below average for Southland. Barley 
trials were affected by hail damage in Canterbury and despite cool, overcast conditions, trial yields were average in Southland.

1514



Figure 1. Conceptual diagram of soil N supply and crop N uptake 
during the development of a typical spring sown annual crop.

New mineralisable N test
A new soil test is available to help 
forecast crop fertiliser nitrogen 
(N) requirements, improve N use 
efficiency	and	reduce	the	risk	of	
leaching losses.

The test is a new way of measuring potentially mineralisable 
nitrogen (PMN), and is quicker and more accurate than the 
Nitrogen (AN) test (often called Anaerobic Mineralisable 
Nitrogen (AMN) test) familiar to many growers. Mike Beare from 
Plant & Food Research (PFR), who was part of the team which 
developed the new test, explains its advantages.

“The ‘gold standard’ for measuring a soil’s potentially 
mineralisable nitrogen, or PMN, is a long-term (14 week) 
aerobic laboratory incubation, which is not suitable for routine 
commercial testing. The commercial AMN test was designed to 
provide a faster (7 days) estimate of the mineralisable N, but the 
results are not very reliable and the test has not been properly 
calibrated against the ‘gold standard’ lab test. With this in mind, 
our team set out to develop an alternative and came up with a 
simple, rapid test, based on hot water extraction of N from the 
soil, which has been calibrated against the ‘gold standard’ test. 
This new test is quicker and more accurate than AMN testing, 
and is now available from several commercial laboratories.”

The measurement of PMN expresses how much N could be 
released from the soil under optimal conditions of temperature 
and moisture. However, conditions in the field are rarely optimal, 

so the PFR team have developed a method that uses the new 
PMN test, combined with local soil temperature and moisture 
data to predict how much N is actually mineralised from the soil 
over a growing season. 

To increase awareness of the PMN test and its use in 
improving N management, a Sustainable Farming Fund Project 
Mineralisable N to improve on-farm N management, has been 
established. Part-funded by industry groups, and led by Dr 
Beare, the project is running field trials to demonstrate how the 
PMN test can be used to improve N fertiliser forecasting and, 
thereby, increase nitrogen efficiency and reduce leaching risks. 
Initial field days were called off due to the April lockdown, but, 
all going well, events will be held in the spring and next year too.

N	use	efficiency
The most direct approach to improve N use efficiency is to 
match N supply to crop N demand and thereby reduce the risk 
of nitrogen loss to ground water (Fig 1). Crop N demand is the 
amount of N a crop needs to achieve its target yield and quality. 
Information on typical N requirements of different crops can be 
found on industry web sites.

The primary sources of N for plant uptake during the growing 
season include:

• Initial mineral N = the mineral N (ammonium and nitrate) in 
soil at the start of any growing season.

• Mineralised N = the N released (mineralised) from soil 
organic matter during the growing season.

• Fertiliser N = the N supplied from fertiliser applied over the 
growing season.

The N fertiliser required to meet crop demand can be 
calculated by a mass balance approach: 

Fertiliser N = Crop N Demand – (Initial mineral N + Mineralised N)

The typical pattern of soil N supply and crop N uptake for a 
spring sown annual crop is shown in Figure 1. In this example, 
the soil has supplied more mineral N than is needed to meet 
crop demand in the early stages of crop development, but 
supplementary N (e.g. from fertiliser) is required to achieve the 
target yield during the mid to later stages of crop development. 

Our team set out to develop an alternative and came up with a 
simple, rapid test, based on hot water extraction of N from the 
soil, which has been calibrated against the ‘gold standard’ test. 
This new test is quicker and more accurate than AMN testing, 
and is now available from several commercial laboratories.”

Soil nitrogen mineralisation 
Mineralisation occurs when soil microbes break down soil organic matter to release mineral N. Depending on soil type, land use 
history, and environmental conditions, mineralisation can contribute anything from 30 to 300 kg of plant available N/ha/year. 

Identifying how much potentially mineralisable nitrogen (PMN) is available to a crop is an important part of good nutrient 
management practice. Testing for PMN is important to improve fertiliser N forecasting, avoid over-application and the 
accumulation of excess N and, thereby, lower the risk of N losses to the wider environment. There is also the prospect of cost 
savings, and reducing greenhouse gas emissions. 

Predicting the fertiliser N requirement also requires 
information on the initial mineral N content of the soil. Soil 
mineral N has traditionally been measured in the laboratory 
using soil samples taken from the root zone (e.g. top 60 
cm). In many situations, nitrate-N is the dominant form 
(>90%) of mineral N in soils. A recent Sustainable Farming 
Fund project (Nitrogen – Measure it and manage it) (Norris 
et al., 2019) demonstrated that a rapid, field-based nitrate 
test (“Nitrate Quick Test”) is a good proxy for laboratory-
determined mineral N. 

Measurements of soil mineral N and PMN provide 
complementary information on the total soil N supply 
and, together, they can contribute to improved crop N 
management, with reduced environmental losses. The 
fertiliser N calculation given in equation [1] assumes that 
N losses from the soil-plant system during the primary 
growing season (spring/summer/autumn) are small. While 
this is generally true, the accumulation of excess mineral 
N in the soil at the end of the growing season markedly 
increases the risk of N leaching losses during periods of 
drainage below the root zone, typically in winter and 
early spring. 

Project partners include: FAR, HortNZ’s VR&I Board, 
Environment Canterbury, the Waikato and Hawke’s Bay 
Regional Councils, Ravensdown, ARL, Hill Laboratories 
and Eurofins. FAR is a co-funder, contributing to the project 
management team and hosting some of the field trials. 

For further information contact 
Mike.Beare@plantandfood.co.nz
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Glyphosate resistant 
ryegrass turnaround 

What next?
As part of the MBIE funded research project, FAR in conjunction 
with AgResearch are continuing the weeds surveys across the 
country. In Year 1 (2018/2019) of the project the survey was 
in Selwyn District, covering the area between the Rakaia and 
Waimakariri River. In Year 2 (2019/2020), the survey was in 
South Canterbury, covering the area between the Rangitata and 
Waitaki Rivers. The seed from South Canterbury will be tested 
in the coming months. Sampling in Southland and Waikato is 
being discussed for the 2020/2021 season.

FAR will also be investing in developing integrated weed 
management strategies to ensure arable farmers are well 
placed to manage herbicide resistance in the future. 

This work was funded by the five-year MBIE project Managing 
herbicide resistance. The project is led by AgResearch and FAR 
is a co-funder. Seed collection and resistance management 
discussions were carried out by FAR, while resistance testing 
was carried out by AgResearch.

For further information about this project contact 
Matilda.Gunnarsson@far.org.nz or Phil.Rolston@far.org.nz 

Last	year,	as	part	of	a	field	survey	looking	at	
herbicide resistance in Canterbury, several 
arable farmers were told that they had 
glyphosate resistant ryegrass on their farms. 
In April this year, after further testing, they 
were told that was not the case. Good news 
for the farmers concerned, but what led to 
the initial diagnosis of resistance, and why 
was it withdrawn?

Dr Andrew Pitman, FAR’s General Manager of Research, says 
such turnarounds are not uncommon in research, where initial 
findings are questioned, retested several times over, and then 
either accepted or rejected. He says what was different in this 
case, was that the implications of the initial findings were so 
serious, that it was better to treat them as accurate, than wait 
for more information.

“The initial diagnosis of glyphosate resistance was made after 
one round of testing of plants grown from seed collected from 
48 farms in the Selwyn District. This initial round of testing 
also showed resistance to group A and/or group B herbicides 
on the properties concerned. At this stage, we notified the 
farmers that glyphosate resistant ryegrass had been found on 
their farms and set about discussing options for resistance 
management with them. But as we were aware of the potential 
impacts of this initial diagnosis, that was not the end of the 
scientific process.

“Three further lots of testing were carried out by our 
collaborators to confirm the initial results. The results of these 
three follow-up tests eventually allowed us to reject our initial 
diagnosis of glyphosate resistant ryegrass. The follow-up tests 
were designed to investigate different aspects and causes of 
herbicide resistance and looked at things like dose response 
and air temperature at time of treatment.”

He says that after the fourth round of tests, the hypothesis of 
glyphosate resistance was rejected. However, the group A and 
B resistance diagnosis remains in place.

“Retesting for resistance to herbicide group A and/or B confirmed 
the initial diagnoses were correct; in fact, a dose response 
test showed that some plants were able to survive three to six-
times the recommended label rate of group A herbicides.” 

SEEDS

The number of crop and weed species which have 
developed resistance to one, or several, herbicide 
active ingredients continues to grow, both here in New 
Zealand and internationally. In New Zealand, we are 
seeing increased cases of ryegrass resistance to Group 
A and B herbicides, the most commonly used herbicide 
groups for selective grass control. 

All growers should continue to apply best practice 
around herbicide use, and adopt integrated weed 
management techniques, such as those listed below, 
where possible. 

• Rotate herbicides - use herbicides from different 
mode of action groups.

• Use non-chemical weed control options 
where possible.

• Stop weeds from setting seed.
• Use break crops and incorporate pastures in rotation.
• Get seed tested if resistance is suspected.
• Follow herbicide labels.

Cereal endophyte 
research makes 
progress on wheat

The TACBOW lines, from the Tottori Alien Chromosome Bank 
of Wheat (TACBOW) at the University of Tottori, include lines 
with genetic material from a related grass species. These lines 
proved capable of hosting Epichloë, suggesting the genetic 
material from the related grass species might have enabled the 
endophyte to survive in the host. 

“Researchers are now focused on trying to cross TACBOW 
wheat lines with commercial wheat germplasm while 
maintaining the ability to host the endophytic fungus.”

But can we make this approach work for 
New Zealand wheat growers?
“The introduction of Epichloë endophytes into the TACBOW 
wheat lines showed that an association between these fungi 
and wheat-related germplasm could be achieved, although 
a commercial endophyte wheat cultivar still seemed a 
distant dream” says FAR General Manager Research and 
Development, Andy Pitman. 

“However, a breakthrough late last year provided a glimmer of 
hope, when collaborators at the Wheat Hub in the University of 
Adelaide successfully introduced several Epichloë endophytes 
into Australian commercial bread wheat varieties.

Although, the result in Australian bread wheat does not 
help New Zealand farmers directly, and much is needed to 
understand whether the endophyte is maintained in the next 
generation of plants and can produce its bioactives, these 
findings revive the prospect that Epichloë endophytes could 
be introduced into elite New Zealand wheat cultivars. And with 
an increasing emphasis on a ‘lighter touch’ approach to crop 
management and two years of funding contracted, another 
attempt seems timely. 

Acknowledgement: The cereal endophyte programme is a 
collaboration between FAR, GRDC, Grasslanz Technology, 
AgResearch and the University of Adelaide, and is supported 
by the Ministry of Business, Innovation and Employment 
(NZ Government).

Epichloë species are endophytic fungi that form natural 
associations with many grasses, producing bioactives that can 
provide pest and disease protection, and improved tolerance to 
abiotic stresses (e.g. drought). 

The introduction of beneficial Epichloë endophytes into ryegrass 
revolutionized pasture production in New Zealand; and it is 
estimated that new endophyte strains alone contribute about 
$200 million to our economy every year. Less well known is that 
the ryegrass success story has led New Zealand researchers 
to explore the introduction of beneficial Epichloë endophytes 
into other grasses, and for the last twelve years FAR has 
been involved in a trans-Tasman programme led by Grasslanz 
Technologies to develop endophyte enhanced cereal cultivars. 

Where are we at?
“The endophyte journey in cereals has been long and challenging” 
says John Caradus, CEO of Grasslanz Technologies. “Unlike 
ryegrass, modern cereals are not naturally infected with 
Epichloë endophytes, and researchers have had to introduce 
Epichloë isolates taken from wild relatives of cereals to re-create 
the association with elite cereal genotypes.”
 
To date, this approach has proven most effective in outcrossing 
cereal species, with Epichloë strains from wild Elymus and 
Hordeum (related to barley) successfully inoculated into triticale 
and ryecorn. The association with ryecorn has proven long-
lived, with the endophyte completing its full life cycle in the plant 
without any detrimental impacts. 

FAR cereal researcher, Jo Drummond adds that “recent 
agronomic field trials with endophytic rye have demonstrated 
significant increases in resistance to rust and either the same or 
better yields for whole crop chop silage and grain.”

But while resistance to rust in ryecorn is to be celebrated, the real 
prize for New Zealand growers would surely be disease resistance 
in wheat! Typically, this is where things have proven tricky. 

John says that “initial attempts to introduce Epichloë endophytes 
into elite New Zealand wheat varieties were unsuccessful and so the 
focus turned to some overseas TACBOW wheat lines from Japan.” 

CEREALS
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Don’t underestimate 
the humble fly

Although you may rely on honey bees to 
pollinate crops such as carrot, brassicas and 
white clover, if you look closely you may have 
noticed	other	insects,	such	as	flies,	visiting	
these crops. Are these insects providing you 
with free pollination? Most likely yes!

Think about it like this: Brought on bees are like irrigation 
– important but they come at a cost. Alternative pollination 
is like rain- it comes for free. On top of that, some of these 
insects provide even more benefits, such as attacking 
pest insects such as aphids and caterpillars. Over the past 
several years, FAR has been working with Plant & Food 
Research to find out how effective some of these other crop 
visitors are as pollinators, and to see whether they can be 
supported by establishing biodiversity plantings. 

What	are	these	beneficial	insects?
New Zealand’s solitary ground nesting native bees and 
bumble bees can pollinate your crop flowers just as 
efficiently as honey bees – sometimes even more so! 
Even more surprising, a whole range of fly species can 
also be good crop pollinators. These include hover flies 
(many of which also attack aphids and other soft bodied 
insects), bristle flies (that also attack insects such as moth 
caterpillars), marchflies (whose larvae live in leaf litter), blow 
flies (while a couple of species cause blow fly strike, others 
are decomposers with larvae feeding on carcasses) and 
soldier flies (larvae live in water). 

When it comes to your insect pollinated crops, the more of 
these insects you see, the better, as they will be assisting 
with pollination. 

Biodiversity	plantings	to	support	beneficial	
insects
Planting a diversity of plants can support many of these 
beneficial insects, but it’s important to get the plant mix 
right in order to help support the full diversity of key 
pollinators but not encourage pest species. 

Native plant mixes have been shown to provide a good 
fit for promoting beneficial insects. Back in 2013, native 
plantings containing approximately 30 plant species were 
established on three Canterbury arable farms to test 
whether they supported beneficial insects. Five years later, 
monitoring showed that the plantings were very good 
for supporting diverse wild pollinators and insect pest 
predators, but not flower visiting insect pests. 

Researchers have now been able to map this relationship 
between plants within native plantings and their support of 
a diversity of crop pollinating and beneficial insects (Figure 
1). The complex network of insects supported by native 
plants, and their interaction across crops, showed how 
such plantings can generate on-farm insect diversity that 
will benefit crops you may grow.

Figure 1. Native plantings that contain a range of flowering native species support many beneficial insects that can pollinate your 
crops and eat pest insects such as aphids and caterpillars. Honey bees (gold lines) are relied on by many growers to pollinate 
many crops. They are supported by flowering native plants in native plantings and visit the five crops shown. But native plantings 
support a whole range of other flies, bees and beetles that pollinate and feed on pests within these crops. In contrast, for species 
regarded as pests, a single adult cabbage white butterfly (insect 21) and one lesser bulb fly adult (insect 19) were seen visiting 
native plant flowers.

Are you planning any biodiversity 
plantings on your farm? 
If you are planning a future biodiversity 
site there may be opportunities to 
learn more about the insects that 
will inhabit it. For more information 
on this opportunity, contact 
Abie.Horrocks@far.org.nz.

So, what does this mean? 
This work highlights that planting the right combination of plants can 
support beneficial biodiversity and provide benefits such as crop 
pollination. Some of these insects (e.g. certain flies) will pollinate when 
honey bees aren’t active, such as on cool, cloudy, days. Others will 
help pollinate your crop if your honey bees decide they would prefer 
to fly out of your crop to one that is more appealing. For example, 
many flies love carrot flowers, while they are not a preferred flower for 
honey bees. Further information about biodiversity and biodiversity 
plantings on arable farms can be found in FAR Focus 13, Biodiversity 
which is available on the FAR website, or by contacting the FAR office.

SEEDS

2120



An arable 
agchem 
stocktake

MAS then conducted a risk assessment and assigned each 
ingredient a risk rating based on the likelihood of it being 
phased out or withdrawn from the market due to regulatory 
action by either New Zealand or overseas authorities. This, 
combined with information on which compounds are used to 
control which pests, diseases and weeds provides a valuable 
insight for FAR and arable growers into where the greatest 
control vulnerabilities exist.

The second workstream created profiles for eight crop 
groupings (Barley, Cereal Silage, Maize, Oats, Pulses, 
Vegetable and Forage Brassica Seed, Herbage Seed and 
Wheat) that included information on crop development stages, 
planting areas, production regions and total production value. 
These crop profiles should enable crop protection companies 
to better understand the potential market opportunities that 
exist for their registered products on arable crops (especially 
for ‘minor’ crops such as herbage seed).

After reviewing this crop profile data and our list of pest control 
gaps, initial feedback from the crop protection companies 
has been positive, with several companies indicating that 
they may have potential product solutions coming through 
their development pipeline or available in their overseas 
markets. We are hopeful that this will provide an opportunity 
for FAR to collaborate with relevant agrichemical companies 
in conducting field trials to obtain data for more on-label 
registrations for arable crops. These insights will also inform 
the development of potential projects to pursue under the 
A Lighter Touch programme.

For further information, please contact Alison.Stewart@far.org.nz 

FAR recently contracted Market Access Solutionz (MAS) to 
conduct a study on agrichemical use in the arable sector 
in order to help inform and develop our research strategy. 
Their report provides a detailed review of the crop protection 
products that are currently in use, and identifies where pest, 
disease and weed control vulnerabilities exist, as well as 
possible solutions to address these.

The first piece of work involved the compilation of a 
comprehensive list of fungicides, insecticides and herbicides 
that are in use across the arable industry. This was developed 
by collating anonymous grower data from ProductionWise 
as well as searching on-label registrations for all fungicides, 
insecticides and herbicides that are currently registered. A 
further search was conducted of ACVM and EPA databases 
for these compounds to identify any specific use pattern 
restrictions such as maximum application rates and restrictions 
on application frequency and equipment.

Better than a day 
at the races!
A cocksfoot plant growth regulator (PGR) response trial at 
Chertsey has provided excellent yield and dollar returns.

FAR seed researcher Richard Chynoweth says the trial was 
established early last season to investigate the impacts of a 
range of PGR treatments on cocksfoot crops.

“FAR research has previously shown good yield responses 
to PGRs, and their use has become standard practice 
in cocksfoot seed production in New Zealand. However, 
following the 2018/19 season, some dryland cocksfoot 
growers, raised concerns about PGR causing severe leaf 
burn, especially when Cycocel® (chlormequat chloride) was 
mixed with Moddus® (trinexapac-ethyl). The trial at Chertsey 
was set up to create leaf-burn responses on dryland and 
irrigated blocks, planted with cocksfoot cultivars, ‘Greenly II’ 
and ‘Savvy’.”

Richard says that only very low levels of leaf burn were 
observed in the Chertsey trial, but there were other more 
exciting results. 

“Application costs ranged from $92 to $172/ha, and provided 
economic benefits ranging from $17 to $20 for every $1 
spent – better than a day at the races!” 

Application rate (L/ha) Dryland Irrigated Dryland Irrigated

PGR Treatment GS32 GS33/37 Yield (kg/ha) MoC ($/ha)

 Nil 315 630 0 0

 CCC 1.5 1.5 635 1060 1590 1890

 Moddus 0.8 0 690 1075 1360 1870

 Moddus + CCC 0.4 + 1.5 0.4 + 1.5 760 1345 1840 3050

LSD (p=0.05) 121 124 470 468

  F.prob <0.001 <0.001 <0.001 <0.001

Table 1. The mean seed yield and Margin-over-Cost (MoC) response to plant growth regulator (PGR) rates and timings on 
cocksfoot cv. ‘Greenly II’ and ‘Savvy’ at Chertsey in 2019/20.

Note: Economic returns were calculated using a price of $4.50/kg for cocksfoot. PGR application costs were estimated at $20/ha 
application, plus $90/L for Moddus® and $20/L for Cycocel®.

In particular, the response to two applications of the Moddus® 
+ Cycocel® treatment more than doubled seed yield in both 
the dryland and irrigated trials (Table 1). When the economic 
benefit of this treatment was calculated, the numbers were 
very large. At up to $3,000/ha, this Margin-over-Cost was 
possibly the largest response to any agronomic input the FAR 
team has seen. 

“Economic benefits ranging from 
$17 to $20 for every $1 spent – 
better than a day at the races!” 

Further information about the leaf burn trial will be included in FAR’s Annual Research Report, which will be published later this year. 
For more information on this research, please contact Richard.Chynoweth@far.org.nz.

SEEDSENVIRONMENT
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Cover crops…
providing valuable weed 
suppression in maize grain

All herbicide programmes reduced weed cover to very low 
levels when compared to the untreated fallow or where cover 
crops were used over winter, although suppression was less 
when only a pre-emergent herbicide was used. The impact of 
the different treatments on maize grain yield is more difficult 
to confirm. There were no clear differences in maize grain 
yields, regardless of the use of a cover crop or herbicide or 
if the land remained fallow; this is most likely to be a result of 

An ongoing collaboration between FAR and AgResearch 
has shown that cover crops are a valuable tool for weed 
suppression in maize grain crops and could help in the battle 
against herbicide resistance. 

Weed management is an ongoing issue in maize grain crops, 
with consumers demanding a ‘lighter touch’, herbicides coming 
under review from regulators, and the number of crop and weed 
species developing resistance to one, or several, herbicide 
active ingredients continuing to rise. Cover crops provide one 
option in an integrated weed management approach.  

The cover crop trial, which has been going for four years at the 
Northern Crop Research Site, has compared weed suppression 
using a range of cover crops alongside or instead of standard 
herbicide applications. 

This year’s results are not yet available, however, in the 2018-
2019 season, after planting in late May, all cover crops provided 
some degree of weed suppression, even though gland clover 
and annual ryegrass dry matter levels were very low by the time 
of maize planting. The cover crops with the greatest dry matter 
by the time of maize planting, oats (7 t/ha) and faba beans (5.7 
t/ha), reduced weed cover by more than half when compared 
with the fallow control (see Table 1). 

The cover crop trial, which has 
been going for four years at the 
Northern Crop Research Site, 
has compared weed suppression 
using a range of cover crops 
alongside or instead of standard 
herbicide applications. 

T1: Untreated T2: Pre-em T3: Pre+Post T4: Post-em T5: Post x2

Fallow 87.3 a 7.6 b 0 a 0.9 a 0.7 a 

Clover 79.8 b 6.2 bc 0 a 0.1 a 0.1 a

Ryegrass 70.5 c 13.3 a 0 a 0.5 a 1.2 a

Faba bean 38.0 d 2.1 d 0.1 a 0 a 0.1 a

Oats 32.3 d 3.5 cd 0.1 a 0.1 a 0.1 a

the very dry season. However, these results do suggest 
that successfully established cover crops are a valuable 
tool in managing weeds as part of an integrated weed 
management approach. 

Another area the Waikato team are looking to explore 
further is weed establishment over the seed and fertiliser 
trench. It was noted that the bulk of weed establishment 
occurs in the maize row, where the residue removers 
spread the mulch. FAR’s Sam McDougall suggests 
that “with some planter adjustments, cover crop weed 
suppression could be improved further”. 

Sam is also excited about the potential of using other cover 
crop species, noting that “woollypod vetch produced a 
good even thatch this year”, and that it will be “interesting to 
see how it suppresses weeds in the maize crop”.

What has become apparent in the weed management trial, 
is that dealing with the residue build up over time, without 
tillage, requires consideration. Mulch build up has caused 
some cover crops to struggle to establish as the quantities 
of residue increases. In particular, the smaller seeded 
species such as gland clover and annual ryegrass have 
failed to establish well when planted in the late May window 
in recent years, when previously they produced good 
ground coverage.

Clearly, while cover crops for weed suppression shows 
promise, there is still more to learn about managing 
the system.

If you are interested in the cover crops area (not just maize 
– all arable crops) and would like to dig deeper we are keen 
to hear from you. We also want to build our understanding 
of the cover crop practices that are working on farm, so if 
you have research ideas you want to explore on your farm, 
we would like to support you where we can. 

For further information, contact Sam.Mcdougall@far.org.nz 

The letters given relate to the herbicide treatments within each cover crop. Treatments with the same letter beside them are not 
significantly different within that cover crop.

Table 1. Average weed ground cover (%) at maize canopy closure (10 weeks post emergence) in plots treated with either a 
cover crop, herbicides or both, in a maize trial at the Northern Crop Research Site in Tamahere in the 2018-19 season.

MAIZE

Notification of Rates 
of Levy Pursuant to 
the Commodity Levies 
(Maize) Order 2018
Pursuant to section 4 of the Commodity Levies 
(Maize) Order 2018, a levy has been imposed 
on, and shall be payable by, the growers of any 
maize seed sold for sowing.

In accordance with section 11 of the order, the 
Foundation for Arable Research Incorporated has 
determined the rate of the levy for July 2020 to 
June 2021 to be: Maize – $1.00 per 10,000 seeds.
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Forages for Reduced 
Nitrate Leaching
 All information from the six-year Forages for Reduced Nitrate 
Leaching (FRNL) programme is now available on the DairyNZ 
website www.dairynz.co.nz/frnl. Key findings of relevance to arable 
farmers are also available on the FAR website www.far.org.nz. 

This includes video clips, monitor farm results, and a New 
Knowledge Register which lists and summarises all the conference 
and journal papers based on FRNL research. 

The FRNL programme used a range of field trials, lysimeter studies 
and animal trials to define viable options to reduce nitrate leaching. 
The monitor farmers tested and demonstrated the mitigation 
options, to ensure that they were applicable and practical. 

The Forages for Reduced Nitrate Leaching (FRNL) programme 
ran from 2013 to 2019. It delivered new knowledge, tools and 
technologies for forage production that can provide more than 
20% reduction in nitrate leaching from dairy, arable, sheep and 
beef, and mixed farming systems.

FAR was particularly involved in the research around catch crops 
and in the production of a Catch Crop Management Guidelines 
booklet. This booklet, available on both the FAR and DairyNZ 
websites, draws on FRNL research findings to outline how, when 
and why to establish and manage catch crops. 

Led by DairyNZ, the Forages for Reduced Nitrate Leaching 
programme combined the expertise and resources of monitor 
farmers, AgResearch, Plant & Food Research, Manaaki Whenua 
- Landcare Research, Lincoln University, DairyNZ and FAR. The 
main funder of the programme was the Ministry of Business, 
Innovation and Employment (MBIE) with the six programme 
partners providing co-funding.

For further information please contact Abie.Horrocks@far.org.nz 

FAR withdraws from the 
Maize Performance Trial 
Programme

the relatively small number of trials. As a result, in March, the 
FAR board approved the organisation’s withdrawal from the 
MPT programme effective 30 June 2020. Members of the MPT 
governance and technical groups have been informed and the 
remaining members are currently deciding what the future role 
and format of the MPT programme will be.

We recognise that this will be disappointing to some maize 
growers, but rest assured that we did not take this decision 
lightly. We genuinely believe that FAR can provide greater 
benefit to maize growers by allocating our resources to 
other activities such as environmental and farm systems 
research. We are currently recruiting a senior maize researcher 
and developing a maize research strategy to inform the 
development of our portfolio of maize projects for next year. 

A results book from the current season’s MPT trials will be 
published in due course.

Alison Stewart
CEO

At the end of last year, FAR conducted both an on-line survey 
and a phone survey of maize growers seeking their feedback 
on FAR’s involvement in the Maize Hybrid Performance trial 
programme (MPT). We decided to do this because we had 
been getting feedback from ARG groups and individual 
growers questioning the value of the MPT programme and 
whether FAR’s investment could be better allocated to other 
maize research activities. 

We received approximately 180 responses to the survey, 
which were split almost equally in favour of and against our 
involvement in the MPT. Some of the commentary included 
with growers’ responses suggested that many wanted to retain 
the MPT programme to “keep the seed companies honest’’ 
rather than because they used the information to inform 
hybrid selection. 

The FAR Board did not think that this was a good enough 
justification to warrant our continued investment. They also had 
reservations about the lack of involvement of one of the major 
industry players and the robustness of the programme given 

Key points
• High nitrogen (N) concentrations in cows’ urine 

patches and high soil mineral N increase the 
risk of N leaching if the N is not utilised before 
draining below plants’ root zones. 

• In comparison with perennial ryegrass/clover, 
growing and feeding plantain reduces the N 
concentration of urine, it can reduce total N 
excreted in urine, and it can reduce nitrification 
rate in the soil. 

• Fodder beet, maize and cereals have higher 
water-soluble carbohydrate to N ratios than 
standard pasture (which when fed reduces the 
total N excreted in urine). 

• Italian and annual ryegrasses and winter 
cereals still grow at low temperatures and 
utilise soil N and soil moisture when the risk of 
drainage is high (late autumn to early spring). 

• No-till establishment of winter-grazed crops 
can reduce soil compaction and improve the N 
uptake of subsequent catch crops. 

• Difficulties with implementation of these 
options still exist. Using a mixture of mitigation 
options spreads risk and results in the biggest 
reductions of N leaching.

• If soils are left fallow for several months 
following the winter grazing of forage crops 
like kale and fodder beet, nitrate leaching 
can typically range from 50–180 kg N/ha. If 
weather permits, establishing a catch crop 
can significantly reduce these losses. Oats, 
ryecorn, triticale, wheat or barley make good 
catch crop choices after winter grazing.

MAIZE ENVIRONMENT
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Crop pest 
moving closer

ENVIRONMENT

Fall Armyworm 
(Spodoptera frugiperda)

What are the main hosts?
The fall armyworm has a broad host range feeding on over 350 
plant species, preferring Poaceae (grasses and cereals). Vegetable 
hosts include corn, asparagus, beans, peas, beetroot, Brassica, 
capsicum, cucurbits, eggplant, kumara, lettuce, and tomatoes.

What do they look like?
Adults are 16-18 mm long, and a wingspan of 38 mm, with brown-
grey forewings and cream-coloured hind wings (Fig 1). Male adults 
have more distinct patterns on their forewings. Fall armyworm 
appears similar to the closely related species Spodoptera litura 
(tropical armyworm) which is present in New Zealand.

Pupae are 13-17 mm long and shiny brown. Pupation occurs in 
soil, reproductive plant parts such as corn ears, or if larvae cannot 
burrow into the soil, cocoons are formed using plant debris.

Larvae change from green-brown to brown-black as they mature, 
to be almost black in the ‘armyworm’ phase, and is accompanied 
with marking changes (Fig 2). Eggs are small (0.4 mm) and 
laid on leaf surfaces in masses of 150-200, covered with a 
protective layer of scales from the female abdomen.

What should I look for?
Larvae feeding on stems and leaves causes crop damage. 
The larvae can skeletonise the leaves. Severe infestation 
can cause defoliation, particularly when larvae are in the 
‘armyworm’ stage. On corn, larvae attack the ear, silks, cob 
and kernels (Fig 3, 4) which reduces leaf mass, fruit, pods 
and seeds, and plant health.

Adult moths are nocturnal and most active during late 
summer and early autumn.

Why is it important?
Fall armyworm causes damage to a wide range of 
economically important crops, such as corn. In large 
numbers, larvae can cause rapid defoliation resulting in 
significant yield losses.

How do they spread?
Fall armyworm adults and larvae are highly mobile. Adults 
have a strong ability to fly and disperse during summer. 
Adults can migrate up to 500km before laying their eggs. 
Larvae can become windborne and land on other plants. 
Mature larvae can migrate when they reach the ‘armyworm’ 
stage and migrating to adjacent crops.

Movement over long distances can occur by trade 
in infested crop and plant material, contaminated 
commodities, or stowed on aircraft.

Where are they present?
Fall armyworm is native to the tropical and subtropical 
regions of the Americas. Since 2016, it has rapidly spread 
to Africa, the Indian subcontinent, Sri Lanka, South-east 
Asia, China, Korea, Japan, Indonesia, and the Philippines. In 
February 2020, Fall armyworm was reported in Australia in 
northern Queensland and the Torres Strait Islands.

How can I protect my industry?
Check your production sites frequently for the presence of 
new diseases and unusual symptoms. Make sure you are 
familiar with common pests and diseases of your industry 
so you can recognise something different.

This information on fall army worm was developed by 
Vegetables New Zealand with support from FAR.

Fig 1. Adult Male. Image: Robert J. 
Bauernfeind, Kansas State, Bugwood.org.
Fig 2. Fall armyworm larva
Fig 3. Fall armyworm larvae hatching
Fig 4. Fall armyworm egg mass.
Fig 5: Damage to corn caused by young larvae.
Fig 6. Damage to corn caused by older larvae.
Images 2,3,4,5,6: Plant & Food Research
Fig 7. Larvae damage to a corn ear. 
Image: University of Georgia, Bugwood.org. 
Creative Commons 3.0.

A destructive pest that has destroyed maize crops across the 
world, has recently arrived and established in mainland Australia. 

Fall armyworm (FAW) was first detected on islands off the 
Torres Strait in February this year, and within weeks it was 
detected some 1000 miles south in areas of Queensland. 
Since then it has been found in Katherine and Broome. 
Authorities have painted a grim picture, indicating that the 
FAW moth’s ability to spread up to 100 kilometres a night 
means that it has never been eradicated anywhere. 

The FAW larvae feed on more than 350 types of plants, 
grasses and other crops, including wheat, maize and many 
vegetables. We do not want this pest in New Zealand, 
so please read the information below, and be vigilant. As 
always, if you see any unfamiliar weed, pest or disease 
contact the MPI Biosecurity hotline on 0800 80 99 66.
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BIOSECURITY

Over a thousand people have 
tuned in to FAR’s podcast series, 
Cut the Crop!, since it was 
launched in mid-March.

Cut the Crop! producer Lucy McPherson says new episodes 
are released weekly and cover a range of topics and relevant 
information for growers and industry.

“The two most popular Cut the Crop! episodes to date feature 
Allister Holmes, FAR’s Technology Research and Extension 
Manager, detailing his recent trip to the US with the latest on 
corn markets, no-till, machinery and more, and Diana Mathers 
discussing the nitrogen cycle. It’s been interesting to see that 
the series is being enjoyed far and wide, with 15% of listeners 
from the United Kingdom, America and Australia.”

Cut the Crop! can be accessed from your smartphone or 
computer. It is free to subscribe and listen to Cut the Crop! 
Simply download Apple Podcasts, Google Play or Spotify from 
the app store. Alternatively check out www.cutthecrop.co.nz 
to listen to and watch the podcasts online or contact 
Lucy.McPherson@far.org.nz.
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NEW IDEAS

A growing hempire

Christchurch-based hemp company 
The Brothers Green are the latest 
movers and shakers in the food 
and consumer space, exploring 
new and innovative opportunities 
for the arable sector…
A few years ago, pharmacist Brendon McIntosh and former rural 
banker Brad Lake came together to explore a shared interest in 
hemp. The duo was particularly interested in the opportunities 
hemp presented to New Zealand, both nutritionally and market 
wise, as a viable new crop option for primary producers.

In 2018, after a successful win at the FoodStarter Competition 
with their kids’ hemp snack bar, the pair, formerly known as 
Beefy Greens, rebranded to The Brothers Green. With that, a 
new brother, Michael Burnett, came on board, bringing supply 
chain experience and a passion for connecting consumers 
with the origins of their food. The FoodStarter win enabled The 
Brothers Green to pursue New Zealand grown hemp products, 
driving an image change for a ‘misunderstood’ crop ruled by 
challenging regulations. 

Hemp and marijuana are related, but there are big differences 
in the two crops, particularly in the levels of psychoactive 
compounds they contain. Marijuana’s tetrahydrocannabinol 
(THC) level is typically 5-18%; whereas THC levels in any 
New Zealand hemp crop must be below 0.05%. Hemp is a 
great protein source and is rich in all essential amino acids. 

Internationally, consumers consider hemp to have a wide 
range of nutritional, medical & industrial benefits. However, 
under current New Zealand regulations, hemp seed is the only 
part of the plant permitted for human consumption. 

Brad Lake says The Brothers Green started by contracting 
one North Canterbury grower in 2018/19. Then, to remove 
some of the risk around relying on external parties to access 
raw hemp, they brought in more shareholders and formed 
Mainland Hemp, based in Culverden. Grower contracts were 
initiated and plans were drawn up for a processing facility to 
dry, dehull, cold-press and mill hemp seed into a range of raw 
ingredients for The Brothers Green hemp food products. This 
season, Mainland Hemp contracted nine Hurunui growers 
(some irrigated, some dryland); with each one growing 
between 5 and 20 hectares of hemp. 

“Demand for hemp products has continued to grow. The 
Mainland Hemp processing plant was set up in Hurunui to 
upscale processing and develop a new regional industry for 
food producers. It also produces raw organic hemp seed 
oil as a key ingredient for our most recent venture, a new 
skincare company, Kōaka, which produces natural hemp-
based products for inflammatory skin conditions.”

Brad says harvest and processing is the most critical point 
for the company; the current lack of research and limited 
experience among contractors and growers makes this 
challenging at times. Birds are another big problem as they 
love hemp seed. He says hemp prefers free-draining soils 
and doesn’t like wet feet, but this year’s very dry summer has 
shown that it also likes a reliable supply of water. 

Brad says harvest and 
processing is the most critical 
point for the company; the 
current lack of research and 
limited experience among 
contractors and growers makes 
this challenging at times. Birds 
are another big problem as 
they love hemp seed. He says 
hemp prefers free-draining 
soils and doesn’t like wet feet, 
but this year’s very dry summer 
has shown that it also likes a 
reliable supply of water. 

Hemp and basil pestoOne of our favourite things to see on a platter is a beautiful basil pesto, and because we know that everything tastes better when you make it yourself we thought why not give it a try. This is a super simple recipe, packed with flavour and pairs nicely on a platter, on top of salad, or mixed through pasta to make a punchy sauce.
Ingredients
• 2-3 cups of fresh basil• 3 tbsp The Brothers Green Hemp Seed Oil • 2 tbsp lemon 

• 2 tbsp nutritional yeast • ¼ cup of nuts - either pine, cashew, pumpkin, macadamia • 2 tbsp The Brothers Green Hemp Hearts• 1-2 garlic cloves
• ¼ tsp salt and pepper

Method
1. Put all the ingredients in a food processor until it’s at  the consistency you prefer - we like ours chunky.2. Store in a jar in the fridge.

“This year was a trial, to find out how it went in the 
Hurunui and to establish a sustainable structure for 
when we needed to scale up. This year’s irrigated crops 
yielded anything from 800 to 1200 kg/ha of dressed 
and dried seed, whereas some of our dryland growers 
didn’t get the seed yields to justify a harvest at all. 
Dryland crops that were harvested yielded between 
400 and 500 kg/ha.”

The future looks bright for The Brothers Green as 
they continue to explore the benefits hemp can 
provide, not only to consumers, but to growers and 
food producers across New Zealand. Freedom is 
the goal for these young hemp-trepreneurs. They 
would like to see hemp recognised as a versatile 
crop option for farmers - no different to wheat or 
barley and able to be processed and consumed 
the same way as vegetables. Growing demand for 
plant protein continues, and increasing awareness of 
the importance for food security means there is an 
opportunity for New Zealand growers to become the 
best hemp producers in the world too.

The Brothers Green hemp seeds, hemp oil, hemp 
protein and Hempy snack bars are now stocked in 
New World supermarkets across New Zealand.

Find out more: thebrothersgreen.co

Photo, previous page: The Brothers Green: 
Michael Burnett, Brendon McIntosh and Brad Lake.
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