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On behalf of the Foundation for Arable Research, welcome to ARIA: Arable Research in Action, 2019.  

 

We hope that you make the most of this opportunity to view a range of FAR trials and hear up-to-date 

research findings from New Zealand and overseas experts. 

 

We have worked hard to create a programme covering a range of crops and management issues, and 

encourage you to participate fully in all discussions and deliberations. The aim of this day is to provide 

you with information and ideas that will help you to solve problems and create new opportunities in 

your cropping business. Presentation titles and speakers are outlined over the page, and summaries 

can be found further on in the booklet. 

  

What’s on? 

The programme and map over the page outline the times and locations of all of today’s presentations. 

Each speaker will give their presentation twice - once in the morning, and again in the afternoon. Each 

talk is around 20 minutes long and will be followed by time for questions and discussions. There will 

also be the chance to talk to speakers at lunch time and at the end of the day.  

 

Lunch and end of day barbecue 

Lunch will be available from the large marquee after the morning presentations finish at 1.15pm.  

A barbecue and refreshments will be served immediately after final presentations at 3.45pm. 

 

Questions? 

Should you require any assistance throughout the day, please don’t hesitate to contact a member of 

the FAR team who will be more than happy to help. 

 

We are confident that you will leave the event with new information to assist you in making critical 

farm management decisions and to improve the economic and environmental performance of your 

crop production system. 

 

Enjoy your day.  

The FAR Team
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Topics and Speakers

1. Influence of cultivar on cereal diseases Jo Drummond, FAR

2. Ramularia update Soonie Chng, Plant & Food Research

3. Cover crops for weed management Matilda Gunnarsson and Phil Rolston, FAR

4. Herbicide resistance – a US perspective Carol Mallory Smith, Oregon State University

5. Stem rust – can we predict it? Richard Chynoweth, FAR

6. Options for improving glyphosate efficacy Phil Rolston, FAR

7. Soil quality – a visual analysis Abie Horrocks, FAR

8. The how and why of Quick N testing Diana Mathers, FAR

9. Red clover case bearer update Scott Hardwick, AgResearch

10. Drone flies and pollination Brad Howlett, Plant & Food Research

11. ProductionWise and compliance Melanie Bates, FAR
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Influence of cultivar on cereal disease 

Jo Drummond, FAR 

Key points 

• Cultivar ratings are an important part of integrated disease management.  

• Trials conducted in Mid Canterbury and South Canterbury under high disease pressure 

in 2018-19, showed that where no fungicide was applied, yield was lowest for the 

moderately susceptible cultivar Conqueror (4.4 t/ha). Untreated moderately resistant 

cultivars Graham and Reflection achieved 7.2 and 9.2 t/ha, respectively.  

• The resistant cultivar Reflection showed a 12% yield loss when unsprayed. In contrast, 

unsprayed Graham and Conqueror showed yield losses of 30 and 55%. 

• Yield for Reflection grown under high disease pressure, without fungicide, was the 

same as Conqueror yield under high input programmes (3 or 4 spray, 2 x SDHI). 

• Cultivar selection was a disease management tool. A moderately resistant cultivar 

reduced yield loss compared with a moderately susceptible cultivar and may provide 

flexibility if fungicide timings are not optimal due to the lack of spray windows. 

Septoria tritici blotch (STB) impact varies with the season and the cultivar, creating unique 

challenges for cost-effective disease control in any given crop.  

FAR trials in 2014/15 found fungicide programmes and dose rates were more flexible if the 

cultivar grown had resistance to STB. Furthermore, in irrigated trials, under high disease 

pressure, more resistant cultivars had a lower yield loss without fungicide when compared 

with more susceptible ones, although increased resistance did not allow a reduced fungicide 

programme without compromising yield.  

Subsequent cultivar x fungicide trials, in Mid and South Canterbury and South Otago in 2018-

19, confirmed the importance of cultivar selection: yield loss was minimised in more resistant 

cultivars compared with more susceptible ones. Yield loss for Conqueror (moderately 

susceptible), Graham (moderately resistant) and Reflection (moderately resistant) were 6.1, 

4.4 and 1.4 t/ha under irrigation in Mid Canterbury and 4.5, 2.0 and 1.0 under South 

Canterbury dryland conditions. In each trial, cv. Conqueror yields under the best performing 

fungicide programmes were not significantly different to untreated Reflection crops.  

Increased SDHI resistance issues are being reported in Europe, 

and there is growing international evidence that high input 

fungicide programmes may increase the rate of selection for 

fungicide resistance. A balance between effective disease 

control and resistance management can be achieved by using 

integrated disease management approaches that incorporate 

fungicide programmes with cultivar selection, sowing date, 

irrigation and stubble management.
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Figure 1a (above). Grain yields for autumn sown wheat cultivars with different STB resistance 
ratings, Conqueror (Moderately Susceptible), Graham (Moderately Resistant) and Reflection 
(Moderately Resistant), under irrigated conditions and different fungicide management 
programmes: Lauriston and 1b (below) under dryland conditions, St Andrews 2018-19. All 
treatment rates expressed as L/ha. Active ingredients: Opus = epoxiconazole, Aviator Xpro = 
bixafen + prothioconazole, Adexar = fluxapyroxad + epoxiconazole, Proline = prothioconazole, 
Phoenix = folpet, Prosaro = prothioconazole + tebuconazole, Comet = pyraclostrobin, Amistar 
= azoxystrobin. 
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Ramularia research update 

Soonie Chng, Plant & Food Research 

Key points 

• Ramularia leaf spot (RLS) remains a significant yield limiting disease of barley. 

• New Zealand Ramularia collo-cygni isolates are resistant to both the strobilurin group 

of fungicides and to SDHI fungicides in both laboratory screening tests and in the field. 

• The multi-site fungicide Phoenix® provides good control of RLS when used as a mixture 

with Proline®. 

• Seedborne R. collo-cygni is common and can contribute to disease spread. 

• Resistance ratings of barley cultivars are unreliable and vary between seasons, sowing 

time and sites. 

• Research on the dynamics of airborne spores, Ramularia sensitivity to fungicides, 

effective fungicide programmes and cultivar resistance is on-going. 

Ramularia leaf spot (RLS) control has become difficult in recent years and growers are 

increasingly concerned about the yield losses it causes. RLS, caused by the fungus Ramularia 

collo-cygni, is mainly spread through infected seed and airborne spores from barley 

volunteers, grasses and crop debris. Senescing leaves may show signs of infection early in the 

season, but disease symptoms mainly appear late in the season after flowering. Stresses 

including waterlogging, rainfall after flowering, high light exposure and even flowering itself, 

can trigger the appearance of symptoms. Depending on local conditions, infected plants 

senesce within one to three weeks of symptoms appearing, reducing yield by up to 30%. 

Early symptoms include small brown pepper spots, which develop quickly into typical RLS 

lesions, on the upper leaves. White fungal spores can be seen with a hand lens on the 

undersides of affected leaves (Figure 1). RLS can be differentiated from other foliar diseases 

by its typical ‘5Rs’ lesions, noted below and illustrated in Figure 2. 

5 Rs 

Ringed with yellow margin of 

chlorosis 

Rectangular shape 

Restricted by the leaf veins 

Reddish-brown colouration 

Right through the leaf. 

 

 

  
Figure 2. Typical RLS lesions. 

Figure 1. Ramularia collo-

cygni spores on the 

underside of an infected 

leaf. 
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A three-year Sustainable Farming Fund research programme, Reducing barley threat – 

Ramularia, was initiated to address the following key questions: 

1. How effective are the current foliar fungicides on controlling RLS? 

2. What is the sensitivity of the current New Zealand R. collo-cygni population to 

fungicides with different modes of action? 

3. How persistent and important is seedborne inoculum of R. collo-cygni as a source of 

disease spread? 

4. Which barley cultivars are tolerant or resistant to RLS. 

Research in Year 1 (2018-19) of the programme has confirmed New Zealand R. collo cygni 

isolates are resistant to strobilurins and to the succinate dehydrogenase inhibitor (SDHI) 

group of fungicides in both laboratory screening tests and field trials. The demethylation 

inhibitor (DMI)-based fungicides remain effective at controlling RLS, but they are at risk of 

becoming ineffective. Resistance to this fungicide mode-of-action by the pathogen has 

already developed in countries such as Scotland and Germany.  

In the 2018-19 autumn trial, the multi-site fungicide Phoenix® provided good control of RLS 

when used as a mixture with Proline®, reducing RLS by 36% when compared with disease 

levels in untreated crops. Phoenix has a label recommendation for control of scald and RLS in 

barley, with a maximum of two applications up to GS39. Proline on its own did not reduce RLS 

severity in the field study. 

In a survey of barley grain collected throughout New Zealand during the 2018/19 season, R. 

collo-cygni DNA was detected on 28 of 29 samples tested, regardless of the number of 

generations the grains were obtained from. Pathogen DNA was not detected in 12 historic 

(1961 to 2010) grain samples included in the survey. These findings suggest that R. collo-cygni 

was less common on seed before 2011, when fungicides were still effective at controlling the 

pathogen. They also suggest that infection of seed with Ramularia is currently widespread in 

New Zealand, the pathogen can persist in the seed, and that seed inoculum may contribute 

to disease spread.  

Development of reliable cultivar resistance ratings has been challenging because of varying 

crop maturity (early maturing vs. late maturing), quantities of seedborne and airborne 

inoculum, the presence of other diseases, and seasonal susceptibility. In cultivar performance 

trials (autumn and spring), multiple RLS assessments were made to capture the narrow 

window of RLS development before the onset of crop senescence induced by the disease. In 

these assessments, RLS severity was moderately high to high (between 30% and 65%) for 

autumn sown cultivars/lines and moderately high (between 20% and 40%) for spring sown 

crops in the diseased plots (Figures 3 and 4). None of the cultivars/lines provided true 

resistance to RLS. Research on Ramularia sensitivity to fungicides, effective fungicide 

programmes, persistence of seed-borne inoculum, cultivar resistance and Ramularia spore 

dynamic in the field is ongoing. 
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Figure 3. Ramularia leaf spot severity (RLS Score (%)) for autumn-sown barley cultivars/lines 

in unsprayed (diseased) and sprayed plots in the 2018/19 season. Disease severity was scored 

on two assessment dates. 

 

Figure 4. Ramularia leaf spot severity (RLS Score (%)) for the spring-sown barley cultivars/lines 

in unsprayed (diseased) and sprayed plots in the 2018/19 season. Disease severity was scored 

on three assessment dates. 
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Cover crops for weed suppression 

Allister Holmes, Sam McDougall, Matilda Gunnarsson and Phil Rolston, FAR 

Key points 

• There is no one size fits all approach to the use of cover crops. 

• The timing of sowing and termination of cover crops are critical. 

• Mixtures of species for cover crops reduces risks in different situations. 

Background 

Weed control is the most effective crop protection tool, providing up to 20% yield 

improvements. Cultural and herbicidal controls are typically used for weed control, but there 

is growing evidence that weed species are developing herbicide resistance. In New Zealand, 

resistance to one or more herbicides has been found in 13 weed species over the last 40 years. 

FAR is currently part of a large government-funded programme that is addressing herbicide 

resistance in arable systems.  

Cover crops can be incorporated into arable rotations to suppress weed development as part 

of an integrated weed management approach (Figure 1). FAR has been conducting cover crop 

research within our maize programme at our Northern Crop Research Station (NCRS) in 

Tamahere, but with the detection of herbicide tolerance in ryegrass in our cereal production 

systems in Canterbury, there is a need to consider how cover crops might be used more widely 

for weed suppression.  

  

Figure 1 Maize established into clover checked with diquat at pre-maize sowing. 
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FAR NCRS trials integrating cover crops into maize silage production for weed suppression  

A cover crop trial at NCRS, entering its third season, aims to identify long-term impacts of 

cover cropping on no-till planted maize, including the potential to reduce herbicide inputs.  

Following grain harvest of the 2017/18 trial, the ground was left fallow for three weeks, then 

drilled in winter cover crops in May 2018. Cover crops sown were the same as the previous 

season; gland clover (Trifolium glanduliferum) cv Prima at 6.6 kg/ha; faba bean (Vicia faba) cv 

Ben at 300 kg/ha; oats (Avena sativa) cv Milton at 100 kg/ha; and annual ryegrass (Lolium 

multiflorum) cv Tama at 25 kg/ha. One treatment remained fallow. In November 2018, cover 

crops were terminated with Weedmaster® TS540 (glyphosate) with Pulse® Penetrant added. 

Three days later the maize was no-till planted.  

A variety of herbicides were applied, either pre-emergence (Roustabout® 3 L/ha + Sharpen® 

150 mL/ha) or post-emergence (Arietta® 200 mL/ha + Atraflow™ 1L/ha applied with Hasten™ 

0.5% v/v), or the crop was left unsprayed (untreated). Weed suppression was measured in 

the different plots, as were the silage yields.  

Cover crop establishment was variable (data not provided). The larger-seeded cover crops, 

faba bean and oats, established well, whereas the small-seeded cover crops, ryegrass and 

gland clover, did not. This was likely due to poor seed-soil contact resulting from a large 

quantity of stubble remaining from the maize harvest. As a result, ryegrass and gland clover 

were re-sown in August 2018, approximately three months after the first planting. 

In the fallow treatment, where no herbicide was applied, weed cover at maize canopy closure 

was 87% (Table 1). The use of pre-emergent or post-emergent herbicides (or a combination 

of both) on the maize crop reduced weed cover to almost zero, 10 weeks after maize 

emergence, regardless of whether plots had been left fallow or had cover crops planted prior 

to maize (Table 1). Winter cover crops reduced weed cover from 87% to 32 - 80%, depending 

on the cover crop planted (Table 1). Oats and faba bean reduced weed cover most in the 

maize crop, likely because their initial establishment was better and they had opportunity to 

create a better canopy. Ryegrass and gland clover did not perform as well, probably because 

they established poorly and were re-established only 8-10 weeks prior to termination.     

Table 1: Average weed ground cover (%) in maize crop at maize canopy closure (10 weeks 
after maize emergence) following cover crops at Tamahere 2018. 

 T1: 

Untreated 

T2: 

Pre-em 

T3: 

Pre+Post 

T4: 

Post-em 

T5: 

Post x2 

Fallow 87 a 8 b 0 a 1 a 1 a 

Oats 32 d 4 cd 0 a 0 a 0 a 

Faba bean 38 d 2 d 0 a 0 a 0 a 

Ryegrass 71 c 13 a 0 a 0 a 1 a 

Clover 80 b 6 bc 0 a 0 a 0 a 

Different alphabetical letters in the same column denote statistically significant differences 
between treatments. 
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The maize silage yield in the fallow treatment, where no herbicide was applied, was 

significantly lower than in the fallow plots where herbicide was used (Table 2). Silage yield in 

this fallow treatment was also significantly smaller than in plots where a winter cover crop 

was planted and no herbicide was applied (Table 2). These data suggest that cover crops 

and/or herbicides can suppress weed cover, which in turn appears to increase yield 20-50%.   

Table 2: Maize silage yields (t/ha DM) following cover crops at Tamahere, 2018. 
 

T1: 

Untreated 

T2: 

Pre-em 

T3: 

Pre+Post 

T4: 

Post-em 

T5: 

Post x2 

Fallow 14.1b 17.0 a 17.4 a 18.4 a 19.5 ab 

Oats 17.4 a* 17.1 a 17.4 a 18.6 a 17.1 b 

Faba bean 17.6 a 18.4 a 20.0 a 17.7 a 18.9 ab 

Ryegrass 17.2 ab 17.2 a 18.1 a 18.5 a 20.8 a 

Clover 17.4 ab* 16.8 a 18.2 a 20.0 a 21.5 a 

Different alphabetical letters in the same column denote statistically significant differences 

between treatments. 

*Note: Due to statistical rounding and transformation.  

Trials at Chertsey to integrate cover crops into maize and cereal production for weed 

suppression  

Cover crops trials were established at Chertsey as part of developing an integrated weed 

management approach that will help to reduce the spread and impacts of herbicide tolerance 

in the South Island.  

In one trial, oats, balansa clover, vetch, faba beans and gland clover were all sown as single 

or mixed species cover crops in March 2019 after ryegrass pasture, with the legumes 

established with or without Treflan. The cover crops were terminated with 3 L/ha 

Weedmaster® TS540 (glyphosate) + 0.35 L Versatill™, and rolling after 2 weeks. Maize was 

direct drilled on 4 November.  

In the second trial, a white clover crop was used after seed harvest to provide ground cover, 

prior to direct drilling an autumn wheat crop in May 2019. Treatments were pre-emergence 

topping, glyphosate 1.0 L/ha or Versatill 0.35 mL/ha, or post-emergence 2,4-D or at GS32, 

Versatill.  

The latest information from these trials will be discussed.  
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Herbicide Resistance – how did we get here and how do we deal with it? 

Carol Mallory-Smith, Oregon State University 

Key Points 

• Herbicides select for resistant individuals within a population. 

• Herbicide resistance spreads through both pollen and seed. 

• Herbicides with new mechanisms of action will not be available anytime soon. 

• Important to react as quickly as possible to a potential resistant population. 

• New Zealand agriculture may have more management opportunities than other regions. 

• Need a new mindset for weed management.     

How did we get here? 

Herbicides provide effective, easy, and relatively inexpensive weed control. Agriculture moved 

from more integrated production systems to increased herbicide use. However, overdependence 

on herbicides for weed management combined with a reduction in the diversity of crops and 

weed management strategies within farms has led to the establishment of resistant weed 

populations. The lack of stewardship to prevent or delay resistance led to widespread resistant 

weeds. The spread and increase in resistant weed populations is of concern for weed 

management in nonorganic production systems. The previous “solution” was to select a different 

herbicide, however, herbicide rotation alone is no longer viable as the only strategy, because of 

the number of resistant weed species, the increasing number of species with multiple-resistance, 

and the lack of herbicides with new modes of action (MOAs).  

 

Herbicide-resistant weeds are a challenge in most agricultural systems and are a global issue. 

Herbicide resistance is not specific to one cropping system or region. The number of herbicide 

resistant species varies by region, but the herbicide MOAs (Groups) do not. The international 

survey of herbicide resistant weeds, recorded 500+ unique cases of resistant weeds in more than 

70 countries (http://www.weedscience.org/). This number is an underestimation, as the survey 

depends on researchers reporting occurrences of resistance, and this does not always happen. 

http://www.weedscience.org/
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The number of resistant species and the number of hectares infested continues to increase. 

Resistance has been reported to most known herbicide modes of action, especially the herbicides 

that are still used in crop production. It has been almost 30 years since a herbicide with a new 

mode of action was introduced, so there are no new herbicide options to control resistant weeds.  

In some countries, the number of available herbicides is being reduced due to pressure to ban 

certain products e.g. glufosinate, glyphosate, and paraquat. In other cases, the use of certain 

herbicides is being severely restricted. Therefore, use of available herbicides will increase, 

increasing selection pressure. This herbicide treadmill will lead to more resistant weed species. 

What is resistance? 

When discussing a complex topic such as herbicide resistance, it is important for all parties to use 

the same definitions. 

Herbicide resistance is the inherited ability of a plant to survive and reproduce following 

exposure to a dose of herbicide normally lethal to the wild type. Simply stated, a previously 

effective herbicide is no longer effective. Within a population, one or a few individuals may carry 

the resistance trait. With repeated use of herbicides with the same mode of action, the number 

of individuals increases until the population is no longer controlled.  

Herbicide tolerance is the inherent ability of a species to survive and reproduce after herbicide 

treatment. In this instance, the herbicide was never effective for control of the species.  Tolerance 

is the basis for selective herbicides, for example, flufenacet controls L. multiflorum without killing 

L. perenne, and 2-4 D kills broadleaf plants but not grasses. 

The terms herbicide resistance and herbicide tolerance are often, incorrectly, used 

interchangeably. In addition, researchers sometimes use the term tolerance to indicate that 

plants have a low level of resistance, or that there is a low frequency of resistant individuals 

within a population. It can be misinterpreted that the low tolerance means that there is not an 

issue, when in reality, the greatest opportunity to control a resistant population is when there is 

a low percentage of resistant plants present. 

Cross-resistance is resistance to two or more herbicides with the same MOA. For example, 

resistance to sulfonylurea, imidazolinone, or triazolopyrimidine herbicides, which all inhibit ALS.  

Multiple-resistance is resistance to two or more herbicides with different modes of action.  For 

example, plants with resistance to both ALS inhibitors and ACCase inhibiting herbicides. Cross-

resistance and multiple-resistance underscore the need to understand how herbicides are 

related in order to make the correct recommendations for herbicide rotations in order to manage 

herbicide resistance. In many cases, the mode of action is listed on herbicide labels, which makes 

it easier to choose a herbicide with a different mode of action.   
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Identification and management 

It is important that resistance be confirmed, in order for the proper control recommendations to 

be made.  While it is not possible to determine, visually, if a plant is resistant or not, some 

indicators can be used in the field. These include: 

• No application or environmental issues that would lead to reduced control. 

• No herbicide symptoms on target weed. 

• Other weed species are controlled. 

• The plants are in irregular patches. 

• Repeated use of herbicide or an herbicide within the same Group (mode of action). 

• Previous failure in the field. 

If resistance is suspected: 

• Control the weed even if resistance has not been confirmed. 

• Do not re-spray with an herbicide from the same Group. 

• Do not use a higher rate of the same herbicide. 

• Prevent seed production and seed movement via equipment or animals. 

• Document resistance by having seed or plants tested. 

The time and resources required to test for cross- or multiple-resistance within a population 

makes a timely recommendation of an effective herbicide very difficult. In order to determine 

cross- or multiple-resistance, time and resource consuming studies are required to test all of the 

herbicide combinations to which a population might be resistant. Tests that provide faster results 

are being developed, but considering the wide range of herbicides and the different modes of 

action and mechanisms of resistance, this is no small undertaking. The time required to obtain 

results generally precludes effective alternative in-season herbicide recommendations. 

Therefore, it is imperative that growers respond quickly to suspected resistant populations. 

Resistance risk increases when herbicide: 

• Is highly effective. 

• Has a long residual life in soil. 

• Is used frequently in a crop rotation or repeatedly within a season. 

Resistance risk increases when a weed species: 

• Is genetically diverse. 

• Occurs in large populations. 

• Produces high seed numbers. 

• Outcrosses. 

• Has a persistent seedbank. 
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Best Resistance Management Practices require knowledge of: 

• Herbicide modes of action (Groups). 

• Herbicide persistence. 

• Control spectrum. 

• Weed biology 

The biggest requirement is a willingness to change. Growers cannot continue using the same 

tactics and expect a different outcome. The challenge now for managing herbicide resistance, is 

the recognition that very few herbicides with new modes of action (Groups) are being 

commercialised.   

Resistance in New Zealand 

New Zealand production has some positive features such as crop diversity, short rotation for 

perennial crops, and animals in system.  At this time, there are not as many resistant species here 

as in many other countries. These positive features can reduce/delay resistance if growers will 

make changes in the system to diversify weed control tactics; this means becoming less 

dependent on herbicides. 

Growers should: 

• Keep accurate records of herbicide use in every crop. 

• Evaluate the options for crop rotation/weed management options with a long-term plan 

to reduce the use of herbicides and increase the use of nonchemical strategies. 

• Keep pre-emergence herbicides in the system, rotate herbicide Groups or use tank-mixes 

when they are an option. 

Conclusions: 

There are no easy solutions but there must be new approaches.  In order to reduce herbicide 

resistance, it is necessary to want to deal with the problem proactively not only reactively. 

Herbicides are still the weed control method of choice. Resistance has not increased Integrated 

Weed Management, except in cases where no other herbicide options are available. However, 

the number of these cases is increasing.  

We sprayed our way into the problem but cannot spray our way out. Do not expect to be able to 

solve resistance with a new herbicide, because there are few on the horizon…so what you have 

now is all that you will have to work with. When new products are introduced, resistance 

stewardship is lacking. Herbicides are not renewable resources; therefore, if a resistance has not 

evolved to an existing herbicide product, or if a new herbicide product is introduced, it is 

imperative to determine how best the preserve it.  
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Stem rust 
Richard Chynoweth, FAR 

Key points 

• Summer infection is driven by spring and early summer weather conditions, 

particularly night time and early-morning leaf wetness with warm temperatures. 

• Sowing date, cultivar, heading date and irrigation timing influence infection risk.  

• Control mechanisms are different between fungicide families with Strobes offering 

protection from spore germination, while triazoles restrict fungal growth.  

• In high-risk scenarios (e.g. turf ryegrass or late season forages), fungicide programmes 

should be based around the triazole fungicide prothioconazole.  

• When endophyte transmission is important, modified fungicide programmes with 

reduced triazoles may be needed. 

Stem rust of ryegrass and tall fescue is caused by the fungus Puccinia graminis subsp. 

graminicola.  In New Zealand, stem rust can cause yield reductions of up to ~66% in turf type 

perennial ryegrass, whereas the New Zealand bred forage types are some of the most tolerant 

cultivars known globally.  

The stem rust pathogen overwinters in ryegrass and tall fescue populations, either in last 

season’s crop or on weedy areas such as laneways or roadsides. Early sown crops are likely at 

higher risk than late sown crops as early autumn infection drives a greater potential for severe 

disease outbreaks in the following spring and summer (Pfender, 2004). 

Growers commonly see the first sign of stem rust in December following spike and stem 

emergence, and infections can develop rapidly. Rapid infection occurs because the pathogen 

has been cycling within the crop for some time, usually under the leaf sheaths, and the initial 

head and stem infection occurred as these organs passed the infection site. The time between 

infection and the production of new spores (known as the latent period) decreases as 

temperatures increase (e.g. from 69 days at 3.5°C to 8.5 d at 26.5°C (Pfender, 2001)), meaning 

that as temperatures increase disease can develop more quickly. 

Secondary spread of urediniospores (whose rust colour gives the disease its name) occurs 

during spring and summer, via either wind dispersal or plant-to-plant contact. Spore 

germination and subsequent infection require several hours of leaf wetness at night with 

continued leaf wetness following sunrise. A dew is sufficient to begin the infection process. 

The likelihood of infection increases with temperatures between 2 and 28°C. Thus, infection 

risk is greatest during periods of warm weather with morning rainfall or dew (Pfender, 2003). 

The success of these spores in causing infection determines the severity of the disease 

epidemic.    

Fungicide control 

At growth stage (GS) 32, when two nodes are present, the stem rust pathogen is either on the 

leaf surface (photo 1), or concealed under the leaf sheath (stem rust). Infection on the outside 

of the leaf is easier to target with foliar fungicides, while infections under the leaf sheath 

require translamina activity to provide some control. 
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Photo 1. Infection under the leaf sheath of perennial ryegrass cultivar Divine by the stem rust 

pathogen Puccinia graminis subsp. graminicola.  

It is common practice for a triazole fungicide to be added to the main trinexapac ethyl (e.g. 

Moddus®) application at GS 32. Two seasons of FAR-funded trials demonstrated that seed 

yield increases following the addition of such a triazole fungicide (either ‘Proline®’ or ‘Opus®’) 

to Moddus, as it provides early season control of the pathogen, as opposed to enhancement 

of Moddus activity. Whether applied as a tank mix or with a seven-day gap, disease control, 

lodging control and seed yields were the same.   

Between triazole activity 

In turf-type perennial ryegrass, Proline consistently outperforms Opus when the stem rust 

pathogen infects the crop in early December. In contrast, in seasons when infection is limited, 

either by late frosts or more tolerant cultivars, the differences are small.  

Results from 2005/06 showed Proline produced consistently greater seed yield and profit 

margins than Opus; where the lowest applied rate of Proline (0.2 L/ha) produced 1830 kg/ha 

compared with 1710 kg/ha for the highest application rate of Opus (1.0 L/ha) (Table 1).  The 

addition of the Strobe Amistar® to Proline further increased seed yield through decreased 

incidence of stem infection when compared with the same rate of triazole alone, but had little 

effect on green leaf area. The addition of Amistar to Opus or Proline improved disease control 

and the subsequent harvested seed yield.  
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Table 1. Machine-dressed seed yield and margins over chemical costs (MOCC) of ‘Divine’ 

perennial ryegrass when treated with 12 fungicide combinations at the FAR Arable Site, 

Chertsey, in the 2005/06 season. 

 Treatment timing (growth stage (GS)) and application rate (L/ha) Seed 

yield 

(kg/ha) 

MOCC 

($) Treatment Full ear 

emergence 

(GS 59 ,1 Dec) 

Mid flowering 

(GS 65, 15 

Dec) 

Late seed-filling 

(GS 87, 29 Dec) 

7 days prior 

to cutting 

(GS 91, 13 Jan) 

1 Untreated Untreated Untreated  1245  

2 Opus 0.25 Opus 0.25 Opus 0.25  1524 411 

3 Opus 0.5 Opus 0.5 Opus 0.5  1536 387 

4 Opus 0.75 Opus 0.75 Opus 0.75  1585 429 

5 Opus 1.0 Opus 1.0 Opus 1.0  1706 601 

6 Proline 0.2 Proline 0.2 Proline 0.2  1827 939 

7 Proline 0.4 Proline 0.4 Proline 0.4  1979 1,148 

8 Proline 0.6 Proline 0.6 Proline 0.6  2197 1,476 

9 Proline 0.8 Proline 0.8 Proline 0.8  2333 1,658 

10 Opus 0.5 + 

Amistar 0.5 

Opus 0.5 + 

Amistar 0.5 

Opus 0.5 + 

Amistar 0.5 

 2179 1,360 

11 Proline 0.4 + 

Amistar 0.5 

Proline 0.4 + 

Amistar 0.5 

Proline 0.4 + 

Amistar 0.5 

 2424 1,766 

12 Opus 0.5 + 

Amistar 0.5 

Opus 0.5 + 

Amistar 0.5 

Opus 0.5 + 

Amistar 0.5 

Opus 0.5 + 

Amistar 0.5 

2255 1,284 

       Mean 1899  

       LSD 0.05 183  

For MOCC, Amistar is costed at $137.38/L, Opus at $68.60/L, Proline = $119.52, Application = 
$15, Seed price = $1.80 

NB The use of fungicides at specific timings does not constitute a recommendation. 

 

Photo 2. Stem rust pustules following two 

sprays of Proline + Comet® on Colosseum 

turf type perennial ryegrass. 

Photo 3. Stem rust pustules following on 

the rachis of turf type perennial ryegrass. 
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Maintaining glyphosate efficacy 

Matilda Gunnarsson, Phil Rolston, FAR 

Glyphosate is a valuable tool used primarily for weed control in direct drill and reduced tillage 

of arable crops to reduce cultivation impacts on soil quality. However, public concern about 

the potential negative impacts of glyphosate on the environment and on human health are 

increasing, and several countries have restricted or banned its use. Alongside this, there is 

growing evidence of weed species developing glyphosate resistance.  

Maintaining both glyphosate efficacy, and the social license to use it, relies on appropriate 

and responsible use. A number of environmental, water quality and biological factors can 

impact on the performance of glyphosate.   

Environmental factors 

• At low humidity, droplets dry quickly, reducing plant uptake. 

• Best applied during daylight as photosynthesis aids glyphosate translocation.  

• Temperature can affect both absorption and translocation. Optimum air temperature: 

15 – 25°C.   

Water quality 

• Glyphosate works best in acidic conditions. The ideal pH for a glyphosate + water 

solution is pH 4.0 - 5.0.  

• Use clean water with no clay or organic matter as these can bind to the glyphosate 

molecules and reduce efficacy.   

• Hard water reduces efficacy as calcium and magnesium bind to glyphosate molecules. 

Biological factors 

• Glyphosate is not as effective on stressed plants due to reduced translocation.  

• Glyphosate is more effective on young, actively growing plants.  

• Understand the biology of the target weeds, not all weeds respond the same way (e.g. 

poor control of rhizomatous and deeply rooting weeds in early spring - Californian 

thistle). 

FAR has produced a Good Management Practice guide that provides fundamental 

information to consider when using glyphosate. It is available in the Resources section of the 

FAR website. FAR is also conducting a number of trials to identify how to use glyphosate most 

effectively, to provide alternatives to glyphosate, and to establish how to manage any 

resistance that might emerge.   

A comparison of the efficacy of different commercial brands on ryegrass 

After reports from South Canterbury of poor brown-outs occurring in ryegrass seed crop 

stubbles following glyphosate application, a trial was established at Kowhai Farm (Lincoln, 

Canterbury) in the autumn of 2019 to compare the efficacy of various widely used glyphosate 

brands on ryegrass stubble re-growth. All brands were compared in the presence or absence 
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of Pulse®, a polyether modified polysiloxane penetrant used as a spray additive for improved 

penetration of several agricultural pesticides.  

In this trial, all brands had similar efficacy (>96% after 35 days) when used at label rates. The 

addition of Pulse had no significant impact on brownout when glyphosate formulations were 

used at label rates.  

Across the brands, the label rate of glyphosate had a higher brownout at 35 days after 

treatment than the 2L rate. The 2L/ha rate was below label rate for use on ryegrass for all the 

brands compared (Table 1), but is allegedly indicative of use by some farmers. 

The addition of Pulse surfactant significantly improved brownout, from 92 to 96% (LSD 0.05 = 

2) for the 2 L/ha rate, but not for the label rate.  

This trial will be repeated during spring and also in the summer months to establish if 

differences in efficacy occur at other times during the season because of differences in plant 

physiology, plant uptake and/or plant recovery.  

What benefit do additives provide?   

A number of products are used as additives to improve glyphosate efficacy, to provide 

alternatives to chemical additives or to provide environmental benefits. For example, some 

growers claim fulvic acid allows them to reduce glyphosate rates while others claim to use it 

to mop up residual glyphosate. Ammonium sulphate and fish-oil products are also used. The 

variety of formulations available has resulted in some confusion amongst growers as to the 

benefits or otherwise of these additives and some mis-understanding of their modes-of 

action.   

A trial was established in spring 2019 to compare the efficacy of glyphosate formulations with 

different additives, used by growers, such as fulvic acid (50, 100 and 150 g/ha), fulvic acid plus 

citric acid, fish oil at 4.4 L/ha and Pulse 100 ml/ha, ammonium sulphate 2 kg/100 L water. 

Glyphosate resistance in ryegrass  

Our effective use of glyphosate is important given the growing evidence of weed species 

developing herbicide resistance. For example, ryegrass resistant to glyphosate was first 

reported in New Zealand in a vineyard in Marlborough in 2012. 

FAR is part of a large government-funded programme that is addressing herbicide resistance. 

In the 2018/19 season, a random sampling of 48 cropping farms in the Selwyn District 

(representing 20% of the arable farms in the district) collected seed from ryegrass plants 

present in either cereal or white clover fields. This seed was germinated and the plants 

sprayed with glyphosate. Ryegrass from nine farms showed glyphosate tolerance; this 

represented 47% of the 327 ryegrass plants tested being tolerant. When the surviving plants 

were re-tested they died. It is thought that high temperatures at the first herbicide application 

were associated with this non-target site tolerance.  
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Table 1. Ryegrass brownout at 35 days after application from seven glyphosate brands (means of plus and minus Pulse treatments)  

applied 17 April 2019 at Kowhai Farm, Lincoln. 

Glyphosate Brand Active ingredient 

(g/L) 

Label rate 

(L/ha) 

Active ingredient at 

label rate (g/ha) 

 Active ingredient 

at 2L rate (g /ha) 

 Brownout %  

     Label 2 L/ha 

Orion 360 360 4.0 1440 720 99 93 

Pro-Active Glyphosate 

360  

360 3.0 1080 720 97 91 

Roundup Renew 360 3.0 1080 720 96  93 

Lion 490 DST 490 3.0 1470 980 99 93 

AgrPro Green 510 510 2.1 1071 1020 98 93 

Weedmaster T540 540 2.7 1458 1080 99 96 

Roundup Ultra Max 570 2.5 1425 1140 99 98 

       

AVG 
    

98 94 

LSD 5% 
    

2 4 

F prob 
    

0.19 0.05 

 

 

 

 



• Controlling weeds 
before cultivation or 
crop establishment. 

• Controlling weeds 
on headlands and 
fence lines.

• Controlling weeds 
close to harvest – 
check your crop 
contract.

• Should not be used 
as a pre-harvest 
desiccant.

Glyphosate

General principles for
Good Management 
Practices

November 2019

What is glyphosate?
Glyphosate is a broad-spectrum herbicide commonly 
used by farmers, gardeners and land managers, in 
New Zealand and around the world. It is a valuable tool 
that can reduce the time, cost and environmental impact 
of weed management, whilst improving crop yields. 

However, public concern about the potential negative 
impacts of glyphosate on the environment and on 
human health are increasing, and several countries 
have restricted or banned its use. Alongside this, there 
is growing evidence of some weed species developing 
glyphosate resistance.

Maintaining both glyphosate efficacy, and the 
social licence to use it, relies on appropriate and 
responsible use. 

To get the best possible 
glyphosate efficacy: 

Do
• Know your water and 

address pH or hardness 
issues if required. 

• Apply recommended 
rates for species present. 

• Use with a surfactant.
• Check spray equipment 

has the right nozzle and 
operates at the right 
pressure

Don’t
• Apply immediately after 

heavy grazing (less leaf 
to intercept glyphosate).

• Graze treated paddocks 
for at least three days 
(to allow translocation). 

• Spray plants that are 
covered in dirt.

• Apply just before rain 
(needs up to six hours 
to be rain-fast).

Glyphosate 
and crops
Always use glyphosate 
according to the product 
label and consider 
the use of alternative 
chemicals or weed 
management practices 
wherever possible. 

Making sure 
it works



DISCLAIMER This publication is copyright to the Foundation 
for Arable Research (“FAR”) and may not be reproduced 
or copied in any form whatsoever without FAR’s written 
permission. This publication is intended to provide accurate 
and adequate information relating to the subject matters 
contained in it and is based on information current at the 
time of publication. Information contained in this publication 
is general in nature and not intended as a substitute for 
specific professional advice on any matter and should not 
be relied upon for that purpose. No endorsement of named 
products is intended nor is any criticism of other alternative, 
but unnamed products. It has been prepared and made 
available to all persons and entities strictly on the basis that 
FAR, its researchers and authors are fully excluded from any 
liability for damages arising out of any reliance in part or in 
full upon any of the information for any purpose.

General principles 
for effective weed 
management

Understand the biology of 
the weeds present.
Use a range of approaches 
and focus on preventing 
weed seed production and 
reducing the number of weed 
seed in the soil seedbank.
Plant into weed-free 
paddocks and then keep 
fields as weed free as 
possible.
Plant weed-free crop seed.
Examine paddocks regularly 
and frequently.
Use multiple herbicide 
mechanisms of action (MOAs) 
that are effective against the 
most troublesome weeds 
or those most prone to 
herbicide resistance.
Apply the labelled herbicide 
rate at recommended weed 
sizes.
Emphasise cultural practices 
that suppress weeds by 
using crop competitiveness.
Use mechanical and 
biological management 
practices where appropriate.
Prevent within-paddock 
and paddock-to-paddock 
movement of weed seed or 
vegetative propagules.
Manage weed seed at 
harvest and after harvest 
to prevent a build-up of the 
weed seedbank.
Prevent an influx of weeds 
into the field by managing 
field borders.

1

2

3

4
5

6

7

8

9

10

11

12

(Adapted from Norsworthy et al., 2019)

• Glyphosate works best in 
acidic conditions. The ideal 
pH for a glyphosate + water 
solution is pH 4.0-5.0. 

• Use clean water with no clay 
or organic matter as these 
can bind to the glyphosate 
molecules and reduce efficacy.  

• Hard water reduces efficacy 
as calcium and magnesium 
bind to glyphosate molecules. 

Water quality

Making sure it works

• Glyphosate is not as effective 
on stressed plants due to 
reduced translocation. 

• Glyphosate is more effective on 
young, actively growing plants.

• Understand the biology of the 
target weeds, not all weeds 
respond the same way e.g.
- Poor control of Californian 
 thistle in early spring.

Biological factors

• At low humidity droplets dry 
quickly, reducing plant uptake.

• Best applied during daylight as 
photosynthesis aids glyphosate. 

• Temperature can affect both 
absorption and translocation. 
Optimum air temperature 
15 – 25°C  

15-25°C 

Environmental factors
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Soil quality – a visual analysis 
Abie Horrocks and Diana Mathers, FAR  

Key points 

Maintaining soil quality supports soil productivity and crop profitability. Regular soil quality 

assessments can assist with: 

• Understanding the full impact of prior management decisions.  

• Identifying existing constraints to production.  

• Selecting and implementing future management strategies that improve soil quality 

and are feasible for your operation.  

• Measuring progress and adjusting management appropriately.  

• Providing evidence of good soil management practices to support FEP audits. 

Method 

The simple soil quality ‘mini’ visual soil assessment (miniVSA) for cropping farmers involves 
carrying out three quick tests on:  

1. Soil structure & porosity  
2. Soil turbidity  
3. Earthworm numbers  

 
The following information about the miniVSA can be found on the FAR website:  

1. The method (Figure 1) 

2. A scoresheet (Figure 2) 

3. A demonstration video. 

Discussion 

Good soil structure provides greater resistance to compaction and maintains the necessary 
soil porosity for roots to access air, water and nutrients. The structure and porosity, and 
turbidity scores assess the structure and stability of soil aggregates.  
 
Earthworms are an important biological indicator. Through their feeding and burrowing 

activities, earthworms can enhance nutrient availability, increase the infiltration and 

movement of air and water, and improve the structural condition and stability of soils. 

Summary 

Paddock soil scores are likely to fluctuate as the rotation transitions through depletive and 

restorative phases, and allow overall trends to be tracked over time. 
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Figure 1. The miniVSA method (available on FAR website). 
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Figure 2. The miniVSA score sheet (available on FAR website). 
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Soil nitrate testing with Quick Test Strips 

Diana Mathers, FAR 

Key points 

• A nitrogen mass balance budget helps determine how much nitrogen fertiliser should 

be applied to the crop to achieve its potential yield. 

• Nitrate quick test strips are efficient and inexpensive to use.  

• They can be used at any time in the rotation, particularly when fertiliser decisions are 

being made at planting and at the growth stages of the crop where a side-dressing is 

being considered.  

Compliance with regional nitrogen limits requires smart farming. No one wants to limit their 

crop yields, nor waste nitrogen by supplying too much to the crop and having it leach into 

ground-water. 

A nitrogen mass balance budget is a method to determine how much nitrogen fertiliser should 

be applied to the crop to achieve its potential yield. For the budget to be developed, two 

estimates are required;  

1. The crop’s requirement for nitrogen - ask yourself, how much will my crop yield? 

2. How much nitrogen will be supplied by the soil.  

The mineral N levels in the soil are the forms of nitrate that are immediately available to the 

crop. They are the soluble forms of nitrogen: nitrate and ammonium. For timely and informed 

fertiliser decisions it is useful to have a quick, inexpensive method for estimating mineral N 

levels throughout the season. Our work in the MPI SFF Nitrogen - Measure it and Manage it 

project has shown that nitrate quick test strips are efficient and inexpensive to use. They can 

be used at any time in the rotation, particularly when fertiliser decisions are being made at 

planting and at the growth stages of the crop where a side-dressing is being considered.  

Setting yourself up for soil sampling and using the Quick Test Strips 

1. Find the Nitrate Quick Test User Guide on the FAR website (search Quick Test in the 

Resources section) 

2. Gather up your soil sampling equipment  

a. Soil auger, buckets and a 4 mm sieve 

b. Sealable plastic bags and waterproof marker 

3. *Gather up your Nitrate Quick Test equipment  

a. Spoon or spatula 

b. 50 ml plastic tubes with lids and 10 ml graduations and a tube storage rack 

c. MQuant® Nitrate Test Strips (0 - 500 mg/L NO3-)  

d. 0.01 M CaCl2 solution (1.47 g Calcium chloride dehydrate in 1 L bottled spring 

water). 
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*The tubes, rack, strips, and calcium chloride can be bought from Lab Supply - 

www.labsupply.co.nz. The product name for this kit is; Chenitrate-N - put this in the search 

line on their website to find information about the kit. 

Weighing 1.47 gm of CaCl2 can be challenging but if you request it, the supplier will pre-weigh 

it, ready to add to your water. It is important to use water with no, or very low nitrate levels. 

Bottled water from the supermarket is a good source. If in doubt, test the water with one of 

your strips before you begin. 

When you have the nitrate reading from your strip, use the Quick Test Tool on the FAR 

website to help you work out how much nitrogen your crop will need. 

https://www.far.org.nz/articles/1231/quick-test-mass-balance-tool-user-guide 

Consider sharing a kit and soil-sampling equipment with your neighbour and support each 

other with good nitrogen management practices. 

http://www.labsupply.co.nz/
https://www.far.org.nz/articles/1231/quick-test-mass-balance-tool-user-guide
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Red clover case bearer control: pests, beneficial insects and insecticides  

Scott Hardwick, AgResearch; Richard Chynoweth, Abie Horrocks and Phil Rolston, FAR  

Key points 

• Broad spectrum insecticides to manage Red clover case bearer (RCCB) also reduce 

beneficial insects. 

• Defoliation (closing) as balage collapsed beneficial insect numbers. 

• Mirids and thrips may be as significant as RCCB in seed yield loss. 

• Soft insecticides for IPM programmes have potential. 

• Insecticides can increase seed yield. 

Method 

The trial was established in a 2nd year red clover cv ‘Relish’ at Methven. After closing by cutting 

and removal (as balage), the grower sprayed half the field with insecticide (Lorsban) and left 

half unsprayed. Within the unsprayed area an insecticide trial was setup with 11 treatments 

(Table 1). The +/- insecticide areas and the plots were monitored for RCCB, mirids, aphids, 

thrips and beneficial parasitoids and predator insects at 7 to 10-day intervals. RCCB male 

moth numbers were monitored using a pheromone attractant.  

Results and discussion 

Most of the insecticide treatments increased relative seed yields from 100 (untreated) to 150 

to 209 (Table 1). Several of the preferred insecticides for IPM programmes (Exirel®, 

Movento®, Minecto® Star and Sparta™) had a similar effectiveness to Mavrik. As the cutting 

and balage reduced beneficial insect numbers by 85%, these more selective options were 

acting largely without the support of beneficials.  

An IPM approach where the habitat of the beneficials is better maintained (i.e. by not cutting 

so low) needs to be tested to see if the selective sprays working alongside the beneficials can 

give a good seed yield result. Both Lorsban™ and Karate Zeon® gave higher yields, but these 

two insecticides are hard on beneficial predators and parasitoids. There was a strong 

relationship between RCCB larvae numbers after treatment and final yield. The pest data (not 

presented) suggests that thrip and mirid control was also better with Lorsban and Karate.  

RCCB larvae with brown case in middle of a flower (L); RCCB adult moth on a new flower (R). 
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Table 1. Insecticide treatments applied on 5 February 2019 at peak flowering and relative 

seed yield (RSY) at Methven, 2019. 

Trt Product Rate RSY 

1 Water  - 100 

2 Lorsban 500 ml/ha 183 

3 Karate Zeon 40 ml/ha 209 

4 Mavrik 150 ml/ha 151 

5 Exirel 150 ml/ha 153 

6 Exirel - single app 150 ml/ha 151 

7 Movento OD 560 ml/ha 150 

8 Sparta 150 ml/ha 161 

9 Success 200 ml/ha 131 

10 Delfin (Bt) 500 g/ha 92 

11 Minecto Star  150 g/ha 161   
LSD 5% 30   

sig *** 

 

 

Figure 1. Relationship between relative seed yield and RCCB larvae number/10 sweeps 21 

days after insecticides were applied in the plot trial. 

In the split paddock, the insecticide relative seed yield was 282 compared to the control at 

100 and the numbers of RCCB larvae were much higher in the untreated (Figure 2). 
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Figure 2.  Changes in RCCB larvae with insecticide (yellow solid line) and control (no insecticide 

orange sold line). 

Summary 

In a second-year red clover crop, RCCB significantly reduced seed yield. Several other pests 

(thrips and mirids) also contributed to reduced yield. Insecticides, including chemistries softer 

on beneficials, mitigated against the losses caused by these pests. Future work will focus on 

developing a full IPM programme. This objective will be included in a Lincoln University PhD 

by Joel Faulkner, supervised by Professors Steve Wratten and John Hampton. 
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Alternative pollinators: drone fly mass rearing  

Brad Howlett, Sam Read, Plant & Food Research; Phil Rolston, FAR  

Key points  

• Drone flies complement honey bees as crop pollinators, especially for open flower 

species. 

• They can be mass reared in the field in systems that seed growers could construct. 

• Their larvae feed on a range of vegetation types and/or animal manure. 

Background 

Hybrid seed crops are primarily pollinated by honey bees, but some hybrid crops produce 

little nectar and are not attractive to bees. In addition, seed production would be vulnerable 

if honey bee hive numbers and availability were reduced by diseases and parasites. The drone 

fly (Eristalis tenax) (Figure 1) offers potential as a complementary managed pollinator of crops 

including pak choi, radish, onion and hybrid carrot. 

Systems to mass-rear drone flies in fields adjacent to crops are being developed. In 2018/19, 

trials were designed to evaluate feed sources for drone fly rearing and to evaluate a field-

scale system trialled previously by Plant & Food Research on a scale with 20 L-sized 

containers. 

 

  Figure 1 Adult drone fly 
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Brief methods 

Field-scale rearing was undertaken adjacent to a radish seed crop (Leeston) and a carrot crop 

(Kirwee). At each site, four trenches were excavated in the first week of December 2018. Each 

trench was 5 m long, 50 cm deep and 60 cm wide. The trenches were lined with plastic, filled 

with water and substrate added; two substrates were used and each was replicated twice. 

The substrates evaluated were: for carrots, cattle manure and straw balage; and for radish, 

roadside grass/broadleaf clippings and straw balage submerged in water.  

Wood shavings were placed around the ground surface for pupae crawling out of the water 

to pupate in. The laying of eggs from drone flies relied on existing natural populations resident 

in the area. Water levels were topped up to avoid the substrates drying out.   

Egg numbers, larvae numbers and pupae were assessed at regular intervals. Egg batches 

observed on the surface of each substrate were also counted weekly. Day observations were 

conducted on a weekly basis within the carrot and radish trial fields to assess drone fly and 

honey bee activity throughout the flowering period.  

Results and discussion 

All organic substrates assessed at both the radish (Leeston) and carrot (Kirwee) field sites 

were suitable for mass rearing of drone flies. Drone flies readily deposited egg batches 

(usually containing between 100-300 eggs) on or near the surface of each substrate. 

Egg batches were predominantly deposited in the containers within the first few weeks 

following their placement within fields, late in December; however, drone flies continued to 

deposit eggs on or near substrates through to mid-late February. We did not observe egg 

batches on or near balage containers until the second week of January as opposed to the 

other substrates where egg batches appeared sooner after placement. 

Drone fly larvae developed within all three substrates (dairy effluent, grass and broadleaf 

weeds, and baleage). For effluent and grass and broadleaf weed trenches, larvae were 

abundant soon after the trenches were filled, however, abundances of larvae in trenches 

containing balage did not peak until mid-January. Mean numbers of drone flies observed per 

umbel in the carrot field tended to be higher nearer to trenches and lowest in the centre of 

the field.   

Drone fly counts outnumbered honey bees in all but two locations of the carrot field (both in 

the middle of the field). In the radish field, mean numbers of drone flies observed on 

inflorescences appeared to be more evenly distributed (Figure 2). 
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Figure 2. Total counts of honey bees and drone flies visiting fully open flowers on six dates 

(means of four recordings at each day at two-hour intervals from 10:00 am), for carrots (A) 

and radish (B).  

Summary 

These trial findings highlight that mass rearing of drone flies at commercial vegetable seed 

field sites is achievable through the use of various readily available decomposing organic 

substrates (decomposition through substrate added to water).  

The data also indicates that the establishment of drone fly rearing sites should occur one 

month prior to peak flowering when using substrate such as dairy effluent and grass clippings.  

Our demonstrated success in mass rearing drone flies in commercial seed fields in the first 

year of this project will provide us with the opportunity to refine and improve our techniques. 

This will hopefully provide growers with methods to easily develop sites for rearing large 

numbers of drone flies as required. The trials are being repeated in 2019/20, with some 

tweaking of the designs. 

Funding: The project is funded by MPI SSF and SIRC (Seed Industry Research Centre). 



 

Health and safety 

We trust that you will enjoy your day with us at ARIA; to assist us in ensuring your health and 

safety whilst on the property we ask that you both read and follow this information notice. 

• All visitors are requested to follow instructions from FAR staff at all times. 

• All visitors to the site are requested to stay within the public areas and not to cross 
into any roped off area. 

• A hazard list is on display in the main marquee. Please read it and notify a FAR staff 
member if you have any concerns about one of the hazards listed, or if you see 
anything else that concerns you. 

 

First aid 

We have a number of First Aiders on site. Should you require any assistance, please ask a 

member of FAR staff. First aid kits are in the main marquee. 

 

Rubbish 

Rubbish bins are available for your use; we ask that you dispose of all rubbish considerately. 

 

Vehicles 

Vehicles will not be permitted outside of the designated car parking area. 

 

Smoking 

No smoking permitted inside any marquee. 
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