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Key points  

• In 2020-21, low yields and highly variable results as a result of challenging conditions at the 
trial site, led to few significant differences between cultivars. 

• When considering the yields alongside those from previous trials, cultivars Starfire and 
Voltron perform consistently well as second year wheat crops under dryland and irrigated 
conditions. Cultivar (cv.) Gleam also performs strongly in dryland scenarios. 

Background 
FAR research has shown that not all cultivars that perform well as first-year wheats are suited to 
second-year sowing. Disease, particularly take-all, caused by the fungus Gaeumannomyces tritici, 
and Septoria tritici blotch (STB), caused by the pathogen Zymoseptoria tritici, and grass weed 
pressure can be more severe in these crops (Agrii 2014). As a result, yield potential of second-year 
crops is lower than first-year crops.  

In 2019, a trial was established to assess the performance of various wheat cultivars as second-year 
crops in a dryland environment in South Canterbury (Drummond 2019). The highest yielding group 
of cultivars in this trial included Gleam, Firelight, Voltron and Starfire. This followed on from a trial in 
2018 at Mayfield in Mid Canterbury, which assessed second-year wheat under irrigated conditions. 
The cultivars Gator, Starfire and Voltron were among the highest yielding in this irrigated trial.  

The objective of the current trial was to continue our independent evaluation of grain yield and 
quality in a range of second-year wheat cultivars under dryland conditions.  

Methods 
The trial was a randomised complete block design with 18 treatments (cultivars) and four replicates 
(Table 1). It included a doubly resolvable row-column design (residual maximum likelihood (REML) 
overlay). There were 2 columns and 36 rows. The trial was sown on 28 April 2020 into a moderately 
deep silt loam. The plot size was 11 m x 1.65 m. Overall management of the trial was standardised 
for all treatments. Plant population was measured on 17 June 2021 by counting 1 m x 2 drill rows. 

The trial was to be harvested in mid-February. However, sustained rainfall led to very soft ground, 
unsuitable for harvesting equipment and harvest eventually occurred on 8 March 2021, with a 
smaller Wintersteiger Elite small plot combine. Grain yield was adjusted to 14 % seed moisture 
content. Quality testing for the trial was performed by New Zealand GrainLab, including screenings 
(%) (2.0 mm Rota-screen), thousand grain weight (TGW) and test weight (Sp. Wt). Statistical analysis 
of yield and quality was by REML using Genstat® 19th Edition (VSN International Ltd, UK). 

Results and Discussion 

In the 2020-21 season, conditions in South Canterbury were dry from sowing until November. 
Temperatures and solar radiation through grain fill were similar to long-term means, but were below 
the high yielding 2019-20 season. The crop established evenly, with no differences in plant 
population at tillering. However, conditions during grain fill, in addition to earlier water stress and 
wet conditions at harvest, resulted in very low, highly variable (CV % of >10) yields across the 
treatments (Table 1). Seasonal conditions also affected grain quality, with low TGW and test weight 
for all cultivars tested (Table 1).  



Despite high variability caused by challenging conditions, a number of cultivars were statistically 
higher in yield than others (Table 1). These included cultivars such as Starfire, Gleam and Voltron, 
which also performed well in the 2019-20 trial (Drummond 2019).  

Table 1. Plant population at tillering, yield, screenings, thousand grain weight and test weight of 
second year winter wheat cultivars at Makikihi, South Canterbury in the 2020-21 season.  

Cultivar Plants/m2 Yield (t/ha) Screenings (%) TGW (g) Test weight(kg/hL) 

Firelight 122 5.21 bcd 0.8 39.3 65.6 

Gator 98 5.63 abc 1.3 40.5 67.7 

Gleam  120 5.53 abc 1.5 40.7 66.5 

Graham 127 4.95 cde 1.7 39.2 67.7 

Ignite 121 5.47 abc 1.4 37.0 66.5 

Kerrin  130 5.67 abc  1.7 39.0 67.5 

Reflection 117 5.83 abc 1.2 39.3 69.4 

Ruapuna 144 5.68 abc 1.5 40.9 66.4 

Starfire 125 6.24 a 1.2 38.7 70.1 

Torch 118 5.23 abcd 2.6 37.2 66.2 

Wakanui 124 4.08 e  1.3 40.2 67.1 

CRWT233 112 4.53 de 1.7 41.0 67.4 

CRWT245 133 5.61 abc 0.7 40.3 69.6 

Voltron 130 5.51 abc 1.1 38.1 69.6 

KWW83 147 6.05 ab 1.2 44.7 68.6 

KFW1902 123 5.96 abc 1.4 39.1 69.0 

KFW1903 120 5.92 abc 1.5 39.7 68.9 

SFR86-096 120 5.92 abc  1.1 39.3 70.1 

Mean 124 5.50 1.4 39.7 68.0 

P value 0.08 <0.001 0.08 0.004 0.03 

LSD (p=0.05) 14 0.85 0.9 3.0 2.9 

CV (%)  10.8    

Yields highlighted in yellow and followed by the same letter are not significantly different from each other. 

Summary 
This was the second recent dryland trial in South Canterbury to evaluate wheat cultivars as second-
year wheat crops. Cultivars Starfire, Voltron and Gleam performed well in previous FAR trials, and 
were also among the highest-yielding cultivars in this trial. However, challenging seasonal conditions 
meant results were highly variable and that the experiment should be repeated to provide greater 
insight into which cultivars reproducibly perform as second-year sowings in South Canterbury. 
Future work could also look at best management approaches such as nitrogen application for second 
year crops, which have been shown to improve performance (Agrii 2014). Breeding programmes 
that select different genetic traits that confer disease resistance or enable weeds to be out-
competed may be beneficial.  
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Key points  

• Cultivar mixtures have been successfully employed overseas to steward disease resistant 
cultivars and at-risk chemistry and to increase within-field diversity. 

• In this non-replicated trial, a three-way mixture between cultivar (cv.) Firelight (mostly 
Septoria tritici blotch (STB) resistant – MRR), cv. Graham (moderately STB resistant – MR) 
and cv. Starfire (moderately STB resistant – moderately STB susceptible – MRMS) was not 
negatively impacted by differing cultivar maturities. 

• Yield and margins were similar for all fungicide programmes applied. 

• A replicated trial has been established in the 2020-21 season to determine if cultivar 
mixtures can be successfully used to steward both at-risk chemistries and varieties. 

Background 
Management of Septoria tritici blotch (STB) caused by the fungal pathogen Zymoseptoria tritici relies 
heavily on the use of foliar fungicides, particularly demethylase inhibitors (DMI – Group 3 fungicides) 
and succinate dehydrogenase inhibitors (SDHI – Group 7 fungicides). Both DMIs and SDHIs are 
considered to have at least a moderate risk of resistance development (FRAC 2019 and 2021). One 
way to protect at-risk chemistry is through an integrated approach to disease management (FAR 
2020). The foundation of such an approach is cultivar selection (FAR 2020).   

FAR trials since 2014 have found cultivar genetic resistance to STB can provide greater flexibility 
around fungicide programme choice and that disease control could largely be achieved with the 
selection of a cultivar that had at least a moderate disease rating (FAR 2020). Sowing cultivar 
mixtures can also increase genetic diversity in the field, which works to slow or reduce disease 
spread, especially when the cultivars have different disease resistance profiles and similar phenology 
(AHDB 2019). This can help provide flexibility in fungicide programme choice and may help reduce 
the risk of variety breakdown. This approach is appropriate only if pure seed is not required. This 
trial was supplementary to the wheat cultivar x fungicide trial conducted at Chertsey in 2020-21 
(Drummond and McCormick 2021). 

The objective of this trial was to demonstrate the concept of cultivar mixtures and provide guidance 
for future replicated cultivar mixture trials.  

Methods 
Three cultivars (cv.) with different disease ratings to STB were sown as a mixture at equal rates on 30 
April 2020 under irrigated and dryland conditions at the FAR Chertsey Arable Site. The cultivars were 
cv. Starfire (moderately resistant/moderately susceptible – MRMS), cv. Graham (moderately 
resistant – MR) and cv. Firelight (mostly resistant – MRR). The trial was for demonstration purposes, 
thus was not replicated. There were six, 1.35 x 40 m plots. The trial was sprayed as per the 
management of the paddock, except for fungicides (Tables 1-2, Appendix 1).  

Trials were harvested at GS 99 on 20 January and 12 February 2021 for the dryland and irrigated 
trials, respectively. Yield was adjusted to 14% moisture content. Means for yield, grain quality and 
margin-over-fungicide-cost (MoC) were reported. 



Results and Discussion 
In the 2020-21 season, temperatures were mostly above average, with dry conditions, except for 
June and November. Solar radiation, while above average through grain fill, was lower than the 
same period in 2019-20. Subsequently, cereal yields across Canterbury were lower than the previous 
season, but were average for the Chertsey site.  

Yields and economic returns were similar for all fungicide programmes. Yields and margins were 
lowest for the untreated plots. The average yield response to fungicide for the irrigated trial was 2.6 
t/ha (Table 1). This is more than cv. Firelight alone with 0.6 t/ha, but less than cvs. Graham and 
Starfire with an average yield response to fungicide of 4.0 and 4.7 t/ha respectively (Drummond and 
McCormick 2021). Vidal et al. (2020) found disease severity and yields of cultivar mixtures were 
related to the average performance of the component cultivars grown in pure stands and that 
disease and severity of the individual cultivars could be used to predict the behaviour of the cultivar 
mixture. 

Under dryland conditions, the average yield response to fungicide was 1.1 t/ha (Table 2), which was 
intermediate between cv. Firelight (0.4 t/ha), cv. Graham (1.4 t/ha) and cv. Starfire (1.6 t/ha) 
(Drummond and McCormick 2021). 

Grain quality measurements were similar for all treatments for both irrigated and dryland trials. This 
indicates that grain quality was not compromised by the cultivar mixture or choice of fungicide 
programme.  

Cultivar selection forms the foundation of an integrated approach to disease management. 
Advances in plant breeding have meant that disease control could largely be achieved with the 
selection of a cultivar that had at least a moderate disease rating (FAR 2020). However, while 
breeding resistant varieties has been successful, resistant varieties are often used on a large scale, 
which can lead to the selection of new pathogen races able to overcome resistance (Wolfe 1997). 
This phenomenon can be seen in the FAR cultivar performance trials, where cvs. Starfire and Torch, 
were originally highly resistant to STB but now offer intermediate resistance, depending on the 
pathotypes present (FAR 2021).  

Sowing cultivars with different disease ratings in a mixture has several functions. Not only does it 
increase in-field diversity, but also the more resistant cultivar within the mixture can slow disease 
development, which in turn allows for flexibility in fungicide programme choice. This flexibility may 
help slow resistance development for at-risk chemistry. In addition, the inclusion of multiple 
cultivars relieves pressure on the more resistant variety, which can help reduce the risk of cultivar 
breakdown (AHDB 2019).  

A challenge associated with cultivar mixtures is synchrony in cultivar maturity, where some varieties 
reach maturity and harvest earlier than others. In this instance, cvs. Firelight and Starfire have 
intermediate maturity, while cv. Graham is early maturing. In this trial, crop maturity did not have a 
negative impact on yield relative to single cultivar stands. 

Summary 
Cultivar mixtures are a tool used in other parts of the world to steward both at-risk chemistry and 
disease resistant varieties. In these non-replicated demonstration trials, sowing a three-way cultivar 
mix did not appear to have a negative impact on yield or economic returns under both irrigated and 
dryland conditions. A fully replicated trial has been established at Chertsey in the 2021-22 season. 
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Table 1. Grain yield, margin-over-fungicide-cost ($/ha) and grain quality measurements for autumn sown wheat cultivars* sown in a mixture under irrigated 
conditions at Chertsey, following application of different fungicide programmes. Wheat price $390/t (Source: NZX Grain & Feed Insight). 

Treatment 

Number 

Growth Stage (GS), application date and fungicide treatment (L/ha) 

Yield 

(t/ha) 

MoC1 

($/ha) 

Screen 

(%) 

TSW 

(g) 

Specific 

Weight 

(kg/hL) 

Protein 

(%) 
GS 30-31 

(18.9.20)  

GS 32 

(13.10.20)  

GS 33-37 

(23.10.20)  

GS 39 

(2.11.20)  

GS 45 

(10.11.20)  

GS 65 

(23.11.20)  

1 Nil - - - - - 9.6 * 1.7 42.9 69.8 10.9 

2 - Kestrel® 

(1.0) 

- Adexar® (1.0) + 

Opus® (0.25) 

- - 12.5 957 1.7 48.2 73.2 10.3 

3 - Kestrel® 

(1.0) 

- Adexar® (1.0) + 

Opus® (0.25) 

- Opus® (0.75) + 

Comet® (0.4) 

12.9 1016 2.1 47.7 73.0 10.1 

4 - Kestrel® 

(1.0) 

- - Adexar® (1.0) + 

Opus® (0.25) 

Opus® (0.75) + 

Comet® (0.4) 

12.6 920 1.8 48.1 73.4 10.9 

5 - - Kestrel® 

(1.0) 

- Adexar® (1.0) + 

Opus® (0.25) 

Opus® (0.75) + 

Comet® (0.4) 

12.9 1030 1.3 48.2 73.3 10.0 

6 Opus® 

(1.0) 

Kestrel® 

(1.0) 

- Adexar® (1.0) + 

Opus® (0.25) 

- Opus® (0.75) + 

Comet® (0.4) 

12.8 937 1.7 48.3 73.1 10.3 

      Mean 12.2 972 1.7 47.2 72.6 10.4 

Note: Adexar® (a.i. 62.5 g/L fluxapyroxad and 62.5 g/L epoxiconazole, Group 7 and 3 fungicides); Comet® (a.i. 250 g/L picoxystrobin, Group 11 fungicide); Kestrel® (a.i. 

160 g/L prothioconazole + 80 g/L tebuconazole, Group 3 fungicide); Opus® (125 g/L epoxiconazole, Group 3 fungicide).  *Cultivar ratings: Firelight (STB: mostly resistant 

– MRR; Leaf Rust: mostly resistant – MRR); Graham (STB: moderately resistant – MR; Leaf Rust: moderately resistant/moderately susceptible – MRMS); Starfire (STB: 

moderately resistant/moderately susceptible – MRMS; Leaf Rust: moderately susceptible – MS).1Margin-over-fungicide cost ($/ha) (MoC). 

 

 

 

 

 

 

 



Table 2. Grain yield, margin-over-fungicide-cost ($/ha) and grain quality measurements for autumn sown wheat cultivars* sown in a mixture under dryland 
conditions at Chertsey, following application of different fungicide programmes. Wheat price $390/t (Source: NZX Grain & Feed Insight). 

Treatment 

Number 

Growth Stage (GS), application date and fungicide treatment (L/ha)     

GS 32 

(13.10.20) 

 

GS 39 

(2.11.20) 

 

GS 65 

(23.11.20) 

 

Yield 

(t/ha) 

MoC1 

($/ha) 

Scree

n 

(%) 

TSW 

(g) 

Specific 

Weight 

(kg/hL) 

Protein 

(%) 

1 - - - 7.1 * 1.3 44.0 73.7 10.7 

2 - Adexar® (1.0) + Opus® 

(0.25) 

- 8.3 387 1.2 44.7 76.7 10.7 

3 Kestrel® 

(1.0) 

Adexar® (1.0) + Opus® 

(0.25) 

- 8.7 470 1.0 45.9 75.6 10.8 

4 Kestrel® 

(1.0) 

Adexar® (1.0) + Opus® 

(0.25) 

Opus® (0.75) + Comet® 

(0.4) 

8.5 316 1.0 45.7 76.9 11.0 

5 - Adexar® 0.62 + Opus® 

(0.4) 

- 8.4 434 0.9 45.8 75.4 10.9 

6 Prosaro® 

(1.0) 

Adexar® 0.62 + Opus® 

(0.4) 

- 8.4 376 1.4 44.9 76.7 11.0 

   Mean 8.2 396 1.1 45.2 75.8 10.9 

Note: Adexar® (a.i. 62.5 g/L fluxapyroxad and 62.5 g/L epoxiconazole, Group 7 and 3 fungicides); Comet® (a.i. 250 g/L picoxystrobin, Group 11 fungicide); Kestrel® (a.i. 

160 g/L prothioconazole + 80 g/L tebuconazole, Group 3 fungicide); Opus® (125 g/L epoxiconazole, Group 3 fungicide).  *Cultivar ratings: Firelight (STB: mostly resistant 

– MRR; Leaf Rust: mostly resistant – MRR); Graham (STB: moderately resistant – MR; Leaf Rust: moderately resistant/moderately susceptible – MRMS); Starfire (STB: 

moderately resistant/moderately susceptible – MRMS; Leaf Rust: moderately susceptible – MS).1Margin-over-fungicide cost ($/ha) (MoC)



Appendix 1. Trial Inputs 

Crop History: 2019-20 Ryegrass 

 2018-19 Ryegrass 

   

Sowing date: 30 April 2020  

   

Insecticides: 30 April 2020 Suscon® Green 15 kg/ha + Diazinon 

   

Herbicides: 4 May 2020 Firebird® 500 mL/ha 

 21 September 2020 RexadeTM GoDriTM 100 g/ha +  
ContactTM Xcel 250 mL/ha 

 13 October 2020 StaraneTM Xtra 750 mL/ha 

 22 October 2020 Twinax® 300 mL/ha + HastenTM 

   

Fertiliser: Dryland  

 4 September 2020 Ammonium sulphate 30 kg N/ha 

 28 September 2020 SustaiN 60 kg N/ha 

 10 October 2020 SustaiN 38 kg N/ha 

 Irrigated  

 4 September 2020 Ammonium sulphate 30 kg N/ha 

 28 September 2020 SustaiN 120 kg N/ha 

 30 October 2020 SustaiN 80 kg N/ha 

   

Plant Growth Regulators: Dryland  

 1 October 2020 Cycocel® 750 1.0 L/ha 

 Irrigated  

 9 October 2020 Cycocel® 750 1.0 L/ha + Moddus® Evo 200 
mL/ha 

   

Fungicides:  As per treatment list  

   

Irrigation: Irrigated only  

 29 September 2020 20 mL 

 8 October 2020 30 mL 

 28 October 2020 35 mL 

 4 November 2020 20 mL 

 17 November 2020 20 mL 

 23 November 2020 25 mL 

 8 December 2020 30 mL 

 15 December 2020 20 mL 

 
 
Note: Suscon® Green (a.i. 100 g/kg chlorpyriphos, Group 1 insecticide); Diazinon (a.i. 200 g/kg diazinon, Group 
1 insecticide); Firebird® (a.i. 400 g/L flufenacet and 200 g/L diflufenican, Group 15 + Group 12 herbicides); 
RexadeTM GoDriTM (a.i. 50 g/kg halauxifen-methyl and 150 g/kg pyroxsulam, Group 4 + Group 2 herbicides), 
ContactTM Xcel (a.i. 980 g/L linear alcohol ethoxylate, non-ionic surfactant); StaraneTM Xtra (a.i. 333 g/L 
fluroxypyr, Group 4 herbicide); Twinax® (a.i. 100 g/L pinoxaden, Group 1 herbicide); HastenTM (a.i. 704 g/L fatty 
acids from canola oil, esterified seed oil); Cycocel® 750 (a.i. 750 g/L chlormequat chloride, plant growth 
regulator); Moddus® (a.i. 250 g/L trinexapac-ethyl, plant growth regulator) 
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Key points  

• Field trials were established between 2012 and 2020 to investigate agronomic approaches to 
improve yield and profitability of autumn sown feed wheat in New Zealand. 

• Trials focused on sowing date, cultivar selection and developing agronomy packages to 
accommodate earlier sowing. 

• A modelling approach indicated a February or early-March sowing provided the highest yield 
potential because of increased light interception throughout the growing season. 

• Trial results found these early sowing dates were unable to convert additional early biomass 
into a grain yield increase.  

• Early sown crops developed more quickly, requiring higher management inputs such as plant 
growth regulators, fungicides and insecticides. 

• In the Canterbury region, the highest grain yields (13.4 t/ha on average over 7 seasons and 11 
sowing dates) were obtained from March and April sowings, with yield being significantly 
reduced from February sowings. 

Background 
Keeping the canopy green for longer is a well-known practice for high yield (Hay and Porter, 2006). 
Farmers achieve this through the application of nitrogen fertiliser and fungicide programmes. As 
another way of obtaining higher yields, crop modelling by Plant & Food Research showed feed wheat 
grain yields of 19 t/ha could be possible from a February sow date. However, research to assess the 
potential yield advantage of maintaining a green canopy longer through sowing earlier than mid-April 
was limited.  

The 20 by 2020 programme aimed to achieve a production of 20 t/ha feed wheat grain by 2020. This 
research programme investigated the novel agronomy of bringing the winter wheat sow date forward 
into February and March, with the purpose of closing the yield gap. The yield gap is the difference 
between the potential yield of a cultivar and the average actual yield achieved by farmers (Senapati 
and Semenov, 2019). Potential yield is the yield of a crop cultivar when grown under optimal 
management with water and nutrients non-limiting and biotic stresses (disease, pest and weeds) 
effectively controlled.  

In developed countries such as New Zealand and the United Kingdom, farmer yields are generally high 
and yield gaps are relatively small as a result of strong technical ability, availability of resources, 
advanced technology and a favourable climate (Senapati and Semenov, 2019). Achieving yield 
potential requires near perfect management of crop and soil along with optimal climatic conditions 
that influence plant growth and development throughout the crop growth cycle (Lobell et al. 2009, 
van Wart et al. 2013). Although a few top farmers may come close to potential yield it is not feasible 
for a large group of farmers to do so. Therefore, a gap always exists between the potential yield and 
the average farmer yield (Senapati and Semenov, 2019).   

Choosing an earlier sowing date will extend the green canopy duration in a wheat crop, thereby 
increasing its radiation interception, which can in turn lead to a theoretical increase in dry matter and 
grain yield (Hay and Porter, 2006). For example, if green canopy longevity is extended for five extra 
days of full light capturing it could give 1 t/ha of extra crop growth (AHDB, 2018). There are two ways 
the grower can influence wheat development to achieve a longer leaf area duration. Firstly, selecting 



late maturing cultivars gives a longer canopy duration (McKenzie et al. 2000). Secondly, early sowing 
of winter wheat extends the duration of the vegetative phase and the subsequent duration of the 
canopy (Hay and Kirby, 1991). 

Plant population is an important aspect of potential yield and production costs. Plants sown earlier 
have more time to tiller and therefore the plant population may be able to be reduced while 
maintaining head population and yield potential. Also, lower plant populations with a less dense 
canopy may have less disease build up and lower susceptibility to lodging. 

Methods 
Eleven trials with February to April sowing dates were established in Canterbury from the 2012-13 to 
the 2018-19 seasons. The research was conducted on three farms at Leeston, Wakanui and Temuka 
and at the Chertsey FAR research site. All trials were irrigated except for one trial at Chertsey in 2014-
15. Cultivar (cv.) Wakanui was sown in all trials, with cv. Inferno included from 2015. These cultivars 
were selected because they are slow developing with late maturity and therefore more suited to early 
sowing.  

Trials conducted from 2012-13 to 2014-15 were split plot design with sowing date as main plots and 
plant population (plants/m2) as sub plots with four replicates. Trials from 2015-16 to 2017-18 were 
split plot design with sowing date as main plots and cultivar and plant growth regulator as sub plots. 
The trial in 2018-19 was a split plot design with sowing date as main plots and cultivar as sub plots. 
Treatments with a target plant population of 150 plants/m2 were selected for the analysis presented 
in Table 1 as this plant population was common to all trials.  

Plant growth regulator and disease management trials were conducted adjacent to the sowing date 
trials to provide information on how best to manage early sown wheat crops. 

Canopy development through normalised difference vegetative index (NDVI) was measured using a 
Greenseeker®. Crop lodging was recorded weekly from growth stage (GS) 75-80 (mid-grain fill) as the 
cumulative percentage of area lodged and the angle of lodging.  

When possible, the trials were under the growers’ management for inputs used in the field, including 
plant growth regulator, nitrogen, weed, pest and disease control. However, because of the range of 
sowing dates in the trials this was not always possible and many of the applications needed to be 
applied by the trial operator at the appropriate Zadoks growth stage for each sowing date. 

Harvest measurements were undertaken with a plot combine harvester with more detailed hand 
harvests taken on selected trials. 

Results and Discussion 

Grain Yield 
Analysis across all trials showed no yield advantage from sowing winter wheat earlier than the general 
farmer practice of sowing from late March. Yields were similar for March and April sowing, and 
significantly decreased for late February sowing (Table 1).  

Plant and head population 
The average plant population to maximise yield was lower for the late February sow date at 136 
plants/m2 (data not shown). The highest yields achieved by late-March sowing dates were from target 
plant populations above 190 plants/m2. This resulted in a head population of 600 heads/m2 or more. 
White et al. (2000) reported a desired target head population of 600 – 800 heads/m2. For April sowing 
dates, the highest yields were achieved with a target plant population of approximately 210 plants/m2. 
Standard seeding rate practice for April sown crops is 100 – 150 plants/m2 (FAR 2021). 

 

 



Table 1. The effect of sowing date on the grain yield (t/ha) of feed wheat with a target plant population 
of 150 plants/m2 in trials at Chertsey, Leeston, Temuka and Wakanui, Canterbury between the 2012-
13 and 2018-19 seasons. 

   Sowing date  
Trial Code Year Location Late February Early 

March 
Late March April LSD 

(p=0.05) 

C12-03 2012-13 Leeston 14.0 - 14.9 13.4 0.4 

C13-01 2013-14 Leeston 11.1 - 11.7 11.6 0.6 

C14-01 2014-15 Leeston 13.1 14.5 15.8 15.0 0.6 

C14-02 2014-15 Chertsey dryland - 7.5 7.9 8.0 - 

C14-02 2014-15 Chertsey irrigated - 12.5 12.9 13.2 1.1 

C14-03 2014-15 Temuka - 13.1 13.1 13.3 0.6 

C15-01 2015-16 Wakanui 14.7 16.2 16.0 16.6 0.4 

C16-01 2016-17 Wakanui 12.5 14.1 14.3 15.9 0.7 

C16-18 2016-17 Temuka - 13.4 12.8 14.3 0.7 

C17-01 2017-18 Wakanui - 12.5 13.6 13.8 - 

C18-01 2018-19 Wakanui - 12.7 12.8 12.7 - 

Mean   11.9 12.9 13.3 13.4 0.6 

Note: Yellow indicates the sowing date treatments that were amongst those that produced the highest grain 
yield in a particular season (where differences in treatments occurred). 

Crop canopy reflectance 
A Greenseeker® was used to measure the NDVI (normalised difference vegetative index) of the crop 
canopy. The NDVI is influenced by the amount of chlorophyll and biomass of the canopy (Craigie et al. 
2015). A high NDVI indicates a healthy canopy that can intercept more radiation (Craigie et al. 2015). 
Marti et al. 2015 found NDVI at the start of stem elongation (GS 30) and at mid grain-fill (GS 75-80) 
were correlated to final yield and biomass. In trials with four sowing dates in 2014, 2015 and 2016, 
NDVI increased more rapidly for late February and early March sowing dates than later sowing dates, 
but then decreased below the NDVI of the later sowing dates until the end of October (Figure 1 shows 
data for the 150 plants/m2 treatment). With current agronomic knowledge there was no additional 
yield gain from sowing before March. Much of the increased dry matter production associated with 
late-February and early-March sowing dates was not realised as yield, as increased biomass resulted 
in reduced light interception due to canopy deterioration in winter and spring. 

 

 



 

Figure 1. Normalised difference vegetative index (NDVI) for autumn sown wheat, sown at a target 
plant population of 150 plants/m2 during the 2014, 2015 and 2016 seasons at Leeston and Wakanui, 
Canterbury. 

  



Components of yield 
Grain population and total biomass were more strongly correlated with yield than ear population and 
grain weight (Figure 2). In 2015 at Leeston, the highest yields of >16 t/ha were achieved with March 
and April sowing dates. Historically, increases in yield potential in wheat have largely resulted from 
improvements in Harvest Index (HI) (the ratio of harvested product to total above ground biomass) 
rather than increased biomass (Senapati and Semenov, 2019).  This trial had a high biomass, grain 
population, grain weight and HI. Similarly, high HI were achieved in the 2017 trial. Grain yield, total 
biomass, grain population and ear population were generally lowest for the earliest sow date (Figure 
3). The harvest index ranged between about 0.36 and 0.48.  

 

 

Figure 2. The relationship between grain population, ear population, grain weight, total biomass, 
harvest index and yield in trials following hand harvest from 2013-2017 at Leeston and Wakanui, 
Canterbury. 



 

Figure 3. Grain yield, total biomass, harvest index, grain population and ear population in trials 
following hand harvest in 2013 – 2017 at Leeston and Wakanui, Canterbury. 

Lodging management 
A typical PGR application to prevent lodging in autumn-wheat is in late-September/early-October, at 
the beginning of stem extension (GS 30-31).  Lodging risk generally increases as crops are sown earlier 
(Dennett, 2000), Craigie et al. 2015). At Leeston in 2013, adjacent plant growth regulator (PGR) trials 
found 85% lodging in untreated plots sown on 21 February. This corresponded to a yield response to 
PGR application of 3 t/ha. Yield response to PGR application was limited for a 26 March sowing date, 
with 10% lodging in untreated plots. 

At Wakanui in an early-March sown PGR trial using cv. Wakanui, the maximum yield response to PGR 
was 26% over the untreated control (Table 2). A three-spray PGR programme reduced lodging 
compared with a two-spray programme, but did not significantly increase yield). In the same trial, 
similar yields to PGR programmes were achieved where plots were defoliated using a mower in May 
and August. No PGRs were applied when plots were defoliated twice. Lodging control achieved for 
these treatments was similar to two-spray PGR programmes. In a treatment where nitrogen removed 
in dry matter was replaced, a PGR was needed, but this did not increase yield. Approximately 2.5 t/ha 
of dry matter was removed by mowing in the defoliation treatment which could provide useful animal 
feed. However, the introduction of the nitrogen cap associated with intensive winter grazing means 
careful consideration of the benefits of using a cut and carry system to manage lodging of early sown 
crops is required.    

Additional care must be taken if defoliation is used instead of a PGR prior to the start of stem 
elongation. In two out of six PGR trials mowing treatments were applied when the crop was too 
advanced, resulting in a yield loss of 2-3 t/ha. 

Not all high yielding, early sown crops come under lodging pressure. No lodging was observed in a 
late-March sown trial at Leeston in 2014 with cv. Wakanui, and there was no yield response to PGR 
application. The average yield for this trial was 16.6 t/ha. 



Table 2. Crop lodging and grain yield of early-March sown wheat cv. Wakanui at Wakanui in 2015-16, 
following selected plant growth regulator (PGR) and defoliation treatments.  

Crop growth stage and plant growth regulator(L/ha) and defoliation 
treatment 

Lodging 
(%) 

Yield 
(t/ha) 

Tillering 
15.5.15 

GS 30-31 
13.7.15 

GS 32 
14.9.15 

Untreated   90 13.3 

- Cycocel® (1.0) + Optimus® 
(0.29) 

- 58 15.2 

 - Cycocel® (1.0) + 
Optimus® (0.29) 

78 15.0 

- Cycocel® (1.0) + Optimus® 
(0.29) 

Cycocel® (1.0) + 
Optimus® (0.29) 

21 16.6 

Cycocel® (1.0) + 
Optimus® (0.29) 

Cycocel® (1.0) + Optimus® 
(0.29) 

Cycocel® (1.0) + 
Optimus® (0.29) 

13 16.5 

Mow Mow - 22 16.7 

Mow + replace N Mow + replace N - 48 15.2 

Mow + replace N Mow + replace N Cycocel® (1.0) + 
Optimus® (0.29) 

2 16.3 

  Mean 33 15.8 

  P value <0.001 <0.001 

  LSD (P=0.05) 16.1 1.0 

  CV (%) - 4.7 

Note: Cycocel® (a.i. 750 g/L chlormequat chloride); Optimus® (a.i. 175 g/L trinexapac-ethyl) 

Summary 
The sowing date for winter wheat has gradually come forward over time and a small proportion of the 
wheat crop is now drilled in late March as farmers perceive there is a yield advantage from earlier 
sowing. This can cause a clash between early drilling and the harvest of other crops. However, farmers 
will consider how to make it work if there is a yield and profitability gain to be had. In these trials, the 
highest yields were from the late March/April sowings.  

Early sown crops can be more prone to lodging. In these crops, development is advanced, thus PGR 
application may be required in winter rather than early spring. Knowledge of plant growth regulator 
activity at low temperatures is limited as they are typically applied in spring. Earlier drilled crops may 
also need irrigation for seed germination, seedling growth and to activate pre-emergent residual 
herbicide. Thus, there remain a number of agronomic practices still to be addressed to optimise earlier 
planting of winter wheat.  

Sowing before late March resulted in no yield gain. Much of the increased dry matter potential with 
late February/early March sowing appeared to be lost as the crop stalled, and senesced for a period 
in the winter and early spring. This collapse and early spring senescence reduced green leaf canopy 
and subsequent light interception. This was recorded as differences in NDVI in the 2014-15 season. 

The highest yields for the late March sowing date were from plant population treatments of 150 
plants/m2 and above with resulting head populations of 600 heads/m2 plus. This head population 
corresponds to the desired target head populations of 600 to 800 heads/m2 previously reported 
(White et al. 2000). Standard grower practice for April sown crops is to use seeding rates to establish 
between 100 and 150 plants/m2. Results from these trials suggest consider increasing the seeding rate 
to give 150 to 200 plants/m2 to maximise yields from late March to April sown crops.  
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Key points 

• An effective fungicide resistance management strategy is informed by monitoring of 
pathogen populations for potential shifts in sensitivity to chemistries used for their control.  

• Fungicide sensitivity, measured by EC50 values in laboratory assays, has been monitored in 
Zymoseptoria tritici (Zt) populations in wheat crops across New Zealand over the last six 
seasons. 

• In 2019-20, Zt isolates had mean EC50 values of 0.098, 0.094 and 0.038 parts/million (ppm) 
for the succinate dehydrogenase inhibitors (SDHI, Group 7 fungicides) bixafen, fluxapyroxad 
and benzovindflupyr, respectively. 

• The mean EC50 value and the proportion of tested isolates with EC50 values greater than the 
sensitivity threshold increased for bixafen and fluxapyroxad between 2014 and 2019. A 
similar increase occurred for forbenzovindiflupyr between 2017 and 2019.  

• These results are indicative of an ongoing shift in the sensitivity of the Zt population to the 
SDHIs. However, the mean EC50 values measured in New Zealand are similar to those of 
sensitive isolates collected overseas prior to the use of the corresponding chemistries. This 
suggests a large shift in field sensitivity has not yet occurred in New Zealand and that the 
SDHIs tested remain effective.  

• A similar trend was observed for the sterol demethylation inhibitor (DMI, Group 3 fungicide) 
prothioconazole-desthio. 

Background 
An effective fungicide resistance management strategy is informed by monitoring of pathogen 
populations for potential shifts in sensitivity to chemistries in use for their control. 

Septoria tritici blotch (STB), caused by the fungal pathogen Zymoseptoria tritici (Zt), is an 
economically important disease of wheat in New Zealand and elsewhere overseas. The application of 
foliar fungicides is currently the most effective approach to managing the disease, relying on the use 
of DMI (Group 3) fungicides, SDHIs (Group 7 fungicides) and the multi-site fungicide, folpet (Group 
M4). However, the potential for the pathogen to become insensitive to these fungicides is of 
concern. 

The single-site mode-of-action (MoA) of SDHIs and greater likelihood of insensitivity emerging in Zt 
populations renders these fungicides at medium to high risk of losing efficacy. In Europe, a low 
frequency of Zt field isolates with reduced sensitivity to SDHI fungicides has been detected already, 
although field performance has not yet been affected (FRAC 2019a). DMI fungicides are considered 
at medium risk of losing efficacy for the same reasons (FRAC 2019b).  

The objective of this project was to monitor New Zealand Zt field populations for shifts in their 
sensitivity to SDHI and DMI fungicides prothioconazole-desthio. Data for isolates collected from 
wheat crops during the 2019-20 season are reported here. 

 
 
 
 
 



Methods 
Fungicide sensitivity shifts in New Zealand Zt field populations were studied by measuring the 
sensitivity of isolates collected in 2019-20 and comparing the data with those for Zt field isolates 
collected in the previous five seasons.  

Wheat leaves showing STB symptoms were collected from commercial paddocks, FAR fungicide trials 
and cereal performance trial and disease nurseries throughout Canterbury, Manawatu-Whanganui 
and Southland during the 2019-20 growing season. Up to 50 symptomatic leaves were sampled from 
each site. Unique identification numbers were allocated to each site, cultivar and fungicide 
treatment combination. Fungal colonies from each field isolate were isolated and stored prior to 
testing.  

The sensitivity of field isolates to the SDHIs bixafen, fluxapyroxad and benzovindiflupyr and the DMI 
prothioconazole-desthio was determined using a microplate well assay (Fraaije et al. 2012). In each 
assay, the effective concentration to reduce the growth of each isolate by half (EC50) was determined 
for each fungicide/active ingredient. This is the standard method for investigating the relative 
sensitivity of fungi to fungicides. Concentrations of 0 – 0.938 parts/million (ppm) and 0 – 20 ppm 
were used to screen the SDHIs and prothioconazole-desthio, respectively. Each microplate contained 
a sensitive reference control and depending on the number of chemical concentrations, 7 or 11 test 
isolates. Each isolate was tested across a minimum of three plate replicates to obtain the mean. 

Results and Discussion 

SDHIs – Group 7 fungicides 
Microplate assays using a total of 188 Zt field isolates collected in 2019-20 showed that the mean 
EC50 values for the SDHIs bixafen, fluxapyroxad and benzovindiflupyr were significantly greater than 
for the sensitive reference isolate (Table 1).  When comparing the EC50 values for field isolates 
collected over the last six seasons, an increase in the mean EC50 values for both bixafen and 
fluxapyroxad was observed with time (Figure 1) (FAR 2020; Warren et al. 2020). A small increase in 
the EC50 value was also observed after three seasons of testing with benzovindflupyr (Figure 2). 
These sensitivity shifts were accompanied by increases in the frequency of isolates with mean EC50 
values >0.5 ppm for each SDHI (Figure 3). Overall, the fungicide sensitivity assays suggested that the 
Zt population on wheat in New Zealand is becoming increasingly insensitive to the SDHIs used for 
their control.  

Table 1. Sensitivity of New Zealand Zymoseptoria tritici isolates collected from wheat in the 2019-20 
season to fungicides commonly used for management of Septoria tritici blotch.  

EC50* for fungicide mode of action and active ingredients 

 SDHI (Group 7) DMI (Group 3) 

 Bixafen Fluxapyroxad Benzovindiflupyr Prothioconazole 

No. isolates 188 186 186 151 

Minimum 0.002 0.010 <0.001 0.012 

Maximum 0.776 0.699 0.291 0.276 

Mean 0.098 0.094 0.038 0.101 

Sensitive reference isolate 0.016 0.025 0.002 0.001 

*Sensitivity to fungicides is determined by the effective concentration of a chemistry to reduce the growth of 
each isolate by half – the EC50 value (parts per million – ppm). An active ingredient is considered to show a 
reduced sensitivity profile when the EC50 value is greater than 1ppm. 

  



It was uncertain if the increase in SDHI insensitivity in the populations tested were representative of 
a ‘true’ sensitivity shift or a reflection of the temporal or spatial variation in the pathogen population 
tested. Nevertheless, the EC50 values for the New Zealand populations during the testing period 
were similar to the baseline sensitivities observed overseas between 1981 and 2010, prior to the 
introduction of these fungicides to the market (Fraaije et al. 2012; Dooley et al. 2016). This suggests 
that the New Zealand Zt populations remain largely sensitive to the SDHIs tested and that the SDHIs 
tested remain effective in the field. Consistent with this conclusion, between 2018 and 2020 a 
genetic mutation (C-V166M) in the SDHI subunit C (sdhC), previously associated with a low level of 
insensitivity to SDHIs, was detected in only two New Zealand isolates while no mutations known to 
convey moderate or high insensitivity were noticed.  

While the frequency of New Zealand Zt isolates with sdhC alterations known to confer a small shift in 
sensitivity to SDHIs were extremely low, their presence highlighted the potential for future erosion 
of SDHI sensitivity in the New Zealand Zt population. 

 

Figure 1. Sensitivity of New Zealand Zymoseptoria tritici isolates collected from wheat from 2014 to 
2019 to the SDHIs (Group 7 fungicides), bixafen and fluxapyroxad. Isolates were ranked according to 
decreasing sensitivity to each chemical, with each data point representing an isolate. The red line 
indicates 50% of isolates and the respective shift in sensitivity for the 2014 and 2019 season. n, is the 
number of isolates sampled.  
 

 
Figure 2. Sensitivity of New Zealand Zymoseptoria tritici isolates collected from wheat from 2017 to 
2019 to the SDHI benzovindiflupyr (Group 7 fungicide). Isolates were ranked according to decreasing 
sensitivity to benzovindiflupyr. Isolates were ranked according to decreasing sensitivity to the 
chemical, with each data point representing an isolate. The red line indicates 50% of isolates and the 
respective shift in sensitivity for 2017 and 2019 season. 



 
Figure 3. A comparison of the distribution of EC50 values for New Zealand Zymoseptoria tritici 
isolates collected from wheat from 2014 to 2019 and tested for sensitivity to the SDHI fungicides 
(Group 7) bixafen, fluxapyroxad and benzovindiflupyr using microplate assays. The dashed line 
indicates the EC50 range at a threshold of 50% of the isolates tested. This allows any shifts in 
sensitivity to be visualised.  
 
DMIs – Group 3 fungicides 
Zt field isolates collected in 2019-20 (a total of 151 tested) had a significantly greater mean EC50 
value for the DMI prothioconazole-desthio than the sensitive reference isolate (Table 1). The mean 
EC50 value of isolates screened against prothioconazole-desthio increased in 2019-20 compared with 
the previous four seasons and was accompanied by an increase in the frequency of isolates with 
mean EC50 values greater than the sensitivity threshold of 0.5 ppm (Figures 4 and 5) (Warren et al. 
2020). These data were indicative of an emerging sensitivity shift to priothioconazole-desthio in the 
New Zealand Zt field population. However, these shifts were not as severe as the sensitivity shifts to 
DMI fungicides occurring in Zt populations overseas. 
 
The recent DMI prothioconazole-desthio sensitivity shift may be the result of an increase in the 
frequency of isolates carrying the Cyp51 variant E4, which was first identified in the New Zealand Zt 

Benzovindiflupyr 



population in the 2018-19 season and is now established and widespread. The Cyp51 E4 variant 
decreases sensitivity of the pathogen to this chemistry.  
 
The impact of the Cyp51 E4 variant on the sensitivity of Zt isolates to other DMI fungicides is not yet 
known. However, given the importance of DMI fungicides for management of Zt and other cereal 
pathogens in New Zealand, it remains important to utilise a diverse selection of DMIs in the field. 
This could include stacking DMIs such as prothioconazole and tebuconazole as mixing partners with 
a SDHI or with the multisite folpet (Group M4 fungicide). 
 

 
Figure 4. Sensitivity of Zymoseptoria tritici isolates collected from wheat to the DMI fungicide (Group 
3) prothioconazole-desthio between 2015 and 2019. Isolates were ranked according to decreasing 
sensitivity to prothioconazole-desthio. Each data point represents an isolate. The red line indicates 
50% of isolates and the respective shift in sensitivity between the 2015 and 2019 seasons. n, is the 
number of isolates sampled.  

 
Figure 5. The distribution of EC50 values for New Zealand Zymoseptoria tritici (Zt) isolates collected 
from wheat between 2015 and 2019 and tested against the DMI fungicide (Group 3) 
prothioconazole-desthio using microplate assays. The dashed line indicates the EC50 range at a 
threshold of 50% of the isolates tested. This allows any shifts in sensitivity to be visualised. 
 
  



Summary 
A comparative analysis of the fungicide sensitivity of Zt isolates collected from wheat fields 
throughout New Zealand in 2019-20 with those collected in the previous three to five seasons 
revealed a small increase in the quantities of SDHIs and the DMI fungicide prothioconazole-desthio 
required to affect the viability of the pathogen population in laboratory assays (as measured by the 
EC50). These data demonstrate an increasing insensitivity of the New Zealand Zt population to these 
chemistries, but isolates remain largely below the threshold considered to affect field efficacy 
meaning that commonly used fungicide programmes including SDHIs and DMIs likely remain 
effective. 
 
Given the ongoing threat of the emergence of fungicide insensitive Zt populations, continued 
monitoring of the New Zealand Zt population on wheat will be important to detect any future shifts 
and to ensure appropriate fungicide programmes are in place for disease management in wheat that 
consider fungicide resistance prevention and management. 
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Key points  

• Use of the moderately resistant wheat cultivar (cv.) Ignite and lower Septoria Tritici Blotch 
(STB) disease pressure conditions during the season resulted in a lower yield response to 
fungicide than in previous trials. 

• A less intensive fungicide programme provided the same STB control, grain yield and 
economic performance as a high input programme. 

• No yield or economic benefit was achieved by applying a T0 fungicide or by applying a 
succinate dehydrogenase inhibitor (SDHI) (Group 7) fungicide at both T1 and T2 when 
compared to a single SDHI application at T2. 

• Overall, an integrated approach that considers cultivar selection, sowing date, 
irrigation/rainfall and stubble management as well as fungicide programme achieved a 
balance between effective STB disease control, resistance management and strong 
economic performance. 

Background 
FAR autumn sown wheat fungicide trials conducted over the last four years investigated the efficacy 
and economic returns of different winter wheat disease management programmes in the face of 
increasing insensitivity of Zymoseptoria tritici (cause of Septoria Tritici Blotch (STB)) to fungicides 
(FAR 2018). Two trials in 2018-19 using STB susceptible cultivars, Oakley and Starfire, found effective 
disease control, high yields and strong economic margins were achieved using high input fungicide 
programmes. However, such programmes can increase the rate of selection for fungicide resistance.  

The 2019-20 trial was sown with the moderately resistant cv. Ignite to: 1. continue to investigate 
effective and economic winter wheat disease management programmes to manage increasing 
insensitivity of Septoria tritici to fungicide; 2. independently evaluate four succinate dehydrogenase 
inhibitor (SDHI - Group 7) fungicide products: Elatus™ Plus (benzovindiflupur), Adexar® (fluxapyroxad 
+ epoxiconazole; Group 7 and 3 fungicides), Aviator Xpro® (bixafen and prothioconazole; Group 7 
and 3 fungicides) and Imtrex® (fluxapyroxad; Group 7 fungicide) and the multi-site fungicide 
Phoenix® (folpet; Group M4 fungicide); and 3. independently evaluate two new products QuestarTM 
(fenpicoxamid; Group 21 fungicide) and Revystar® (mefenitrifluconazole and fluxapyroxad; Group 3 
and 7 fungicides). 

Methods 
The trial design was a randomised complete block design with 21 treatments and 4 replicates. The 
design included a doubly resolvable row-column design (residual maximum likelihood (REML) 
overlay. There were 4 columns and 21 rows. The trial was sown on 9 April 2019 using cv. Ignite, 
which has moderate resistance to STB. 



The trial was sprayed as per the management of the paddock, except for fungicides (Table 1). All 
fungicides were applied with a backpack type plot boom, powered by an electric pressure pump. 
Five air induction Teejet AIXR 110 015 nozzles were used at 50 cm spacings and 250 kPa to apply 
water at 165 L/ha. 

At each assessment timing, ten representative main stems/plot were selected at random. Leaf area 
affected (LAA) by disease was visually assessed on the three highest leaves showing infection at 
growth stage (GS) 32 (2nd node on the main stem), GS 39 (flag leaf fully emerged), GS 65 (anthesis), 
GS 75-80 (early grain fill/milking) and GS 83-85 (mid-late grain fill/dough) (James 1971). The trial was 
harvested at GS 99 on 20 February 2020. Grain yield was adjusted to 14% seed moisture content. 

Statistical analysis of disease assessments, grain yield and margin-over-fungicide cost (MoC) was by 
ANOVA and REML analysis using Genstat® 19th Edition (VSN International Ltd, UK). 
 
Results and Discussion 
In the 2019-20 season, STB did not develop to high severity until late grain fill as a result of average 
to below-average rainfall and few relative humidity events (>85%). These conditions and the use of 
moderately resistant cv. Ignite led to a greater yield in untreated plots than in 2018-19 and a 
maximum yield response to fungicide of only 3.4 t/ha (Table 1). 2018-19 trials using STB susceptible 
cultivars, Starfire and Oakley, resulted in very high STB severity in the crop and a maximum yield 
response to fungicide of 6.2 and 8.7 t/ha, respectively. High disease was observed because of high 
rainfall and relative humidity between GS 31 (1st node) and GS 65 as well as the use of a more 
susceptible cultivar (Drummond 2019). 

All fungicide programmes significantly reduced STB severity compared to the untreated control in 
2019-20. The best disease control was achieved with the addition of Phoenix® at GS 32 and 39, but it 
did not significantly increase grain yield or MoC relative to equivalent programmes where Phoenix® 
was not applied (Table 1).  

No additional STB disease control, yield or economic benefit was observed when using a T0 fungicide 
or if applying an SDHI at both T1 and T2 instead of a single SDHI application at T2 (Table 1). 
Furthermore, there were no differences in disease control or yield when using the different SDHIs 
ElatusTM Plus, Adexar® or Imtrex®. Variances in gross margins when using these SDHIs were due to 
the cost of the fungicides in individual programmes.  

Disease control and yield in plots treated with the new products QuestarTM and Revystar® were 
similar to the SDHI-based programmes. 

Although previous trials using STB susceptible cultivars showed substantial fungicide inputs were 
required to achieve the highest yields and economic returns, the 2019-20 trial revealed that a less 
intensive fungicide programme will achieve the same yield and gross margin as a high input 
programme when using a more resistant cultivar and when disease pressure is only low-moderate. 
This is significant because high input programmes can increase the rate of selection for fungicide 
resistance and, therefore, it is important to balance effective disease control and resistance 
management. This can be achieved using an integrated approach, as demonstrated in this trial, 
including selecting a moderately resistant cultivar. Other considerations include sowing date, 
irrigation and stubble management. 

Grain quality measurements found thousand seed weight (TSW) and bulk density (specific weight – 
kg/hL) were lowest for the untreated plots with 50.6 g and 73.9 kg/hL, respectively. The mean TSW 
for treated plots was 58.2 g, while the mean bulk density was 76.7 kg/hL. There were no differences 
between fungicide programmes. There were no significant differences in screenings (grain > 2mm) 



with a mean of 0.3 % (range 0.2 – 0.4%) or protein, mean 8.6% (range 8.3 – 9.0 %) (Table 2), 
indicating that grain quality was not affected by choice of fungicide programme. 

Future trial work will focus on development of balanced fungicide programmes as part of an 
integrated approach to disease management and stewardship of new and existing chemistry. 

Summary 
In 2019-20, the winter wheat fungicide programme trial demonstrated how use of a moderately 
resistant cultivar such as cv. Ignite can influence STB disease severity and subsequent grain yield. In 
particular, it showed that in a season with relatively low disease pressure, a less intensive fungicide 
programme can achieve the same yield and margin as a high input programme. 

To optimise disease control and resistance management with economic returns, growers should 
consider an integrated disease management approach that considers cultivar, time of sowing, 
rainfall/irrigation and stubble management. Further research into optimum fungicide programmes 
for disease control and resistance management and product stewardship is ongoing. 
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Table 1. Septoria tritici blotch (STB) disease severity, grain yield and margin-over-fungicide cost for 
autumn sown wheat cv. Ignite under irrigation at Barrhill, Canterbury in 2019-20, following 
application of different fungicide programmes.  

Treatm
ent 

number 

Timing and Growth Stage (GS) of fungicide treatments (L/ha) LAA1 
by 

STB 
(%) 

Yiel
d 

(t/
ha) 

MoC 
($/ha

) 
T0 

GS 30-
31 

T1 
GS 32 

T2 
GS 39 

T3 
GS 65 

1 Untrea
ted 

   87.8 13.
0 

0 

2  Proline® (0.6) Adexar® (1.0) + 
Opus® (0.25) 

Opus® (0.75) + 
Comet® (0.4) 

49.7 15.
9 

910 

3  Proline® (0.6) + 
Phoenix® (1.5) 

Adexar® (1.0) + 
Opus® (0.25) + 
Phoenix® (1.5) 

Opus® (0.75) + 
Comet® (0.4) 

37.9 16.
2 

987 

4 Opus® 
(1.0) 

Proline® (0.6) Adexar® (1.0) + 
Opus® (0.25) 

Opus® (0.75) + 
Comet® (0.4) 

45.4 16.
0 

922 

5 Opus® 
(1.0) 

Proline® (0.6) + 
Phoenix® (1.5) 

Adexar® (1.0) + 
Opus® (0.25) + 
Phoenix® (1.5) 

Opus® (0.75) + 
Comet® (0.4) 

46.5 16.
1 

875 

6  Aviator Xpro® (1.0) Adexar® (1.0) + 
Opus® (0.25) 

Opus® (0.75) + 
Comet® (0.4) 

44.1 16.
2 

975 

7  Aviator Xpro® (1.0) 
+ Phoenix® (1.5) 

Adexar® (1.0) + 
Opus® (0.25) + 
Phoenix® (1.5) 

Opus® (0.75) + 
Comet® (0.4) 

27.7 16.
1 

912 

8 Opus® 
(1.0) 

Aviator Xpro® (1.0) Adexar® (1.0) + 
Opus® (0.25) 

Opus® (0.75) + 
Comet® (0.4) 

50.4 16.
1 

922 

9 Opus® 
(1.0) 

Aviator Xpro® (1.0) 
+ Phoenix® (1.5) 

Adexar® (1.0) + 
Opus® (0.25) + 
Phoenix® (1.5) 

Opus® (0.75) + 
Comet® (0.4) 

31.6 16.
2 

906 

10  Elatus™ Plus (0.75) 
+ Opus® (0.75) 

Elatus™ Plus (0.75) + 
Opus® (0.75) 

Opus® (0.75) + 
Comet® (0.4) 

35.6 16.
1 

948 

11  Elatus™ Plus (0.75) 
+ Opus® (0.75) + 
Phoenix® (1.5) 

Elatus™ Plus (0.75) + 
Opus® (0.75) + 
Phoenix® (1.5) 

Opus® (0.75) + 
Comet® (0.4) 

38.2 16.
4 

1022 

12  Revystar® (1.5) Revystar® (1.5) Opus® (0.75) + 
Comet® (0.4) 

48.2 16.
1 

* 

13  Revystar® (1.5) + 
Phoenix® (1.5) 

Revystar® (1.5) + 
Phoenix® (1.5) 

Opus® (0.75) + 
Comet® (0.4) 

33.6 16.
0 

* 

14  Kestrel® (1.0) Kestrel® (1.0) + 
Imtrex® (1.25) 

Opus® (0.75) + 
Comet® (0.4) 

55.5 15.
7 

864 

15  Kestrel® (1.0) + 
Phoenix® (1.5) 

Kestrel® (1.0) + 
Imtrex® (1.25) + 
Phoenix® (1.5) 

Opus® (0.75) + 
Comet® (0.4) 

46.4 15.
8 

867 

16  QuestarTM (2.0) + 
Kestrel® (1.0) 

QuestarTM (2.0) + 
Kestrel® (1.0) 

Opus® (0.75) + 
Comet® (0.4) 

58.2 15.
7 

* 

17  QuestarTM (2.0) + 
Kestrel® (1.0) + 
Phoenix® (1.5) 

QuestarTM (2.0) + 
Kestrel® (1.0) + 
Phoenix® (1.5) 

Opus® (0.75) + 
Comet® (0.4) 

33.1 16.
0 

* 

18  Adexar® (1.25) + 
Opus® (0.15) 

Adexar® (1.25) + 
Opus® (0.15) 

Opus® (0.75) + 
Comet® (0.4) 

52.9 16.
0 

878 



 

 

19  Adexar® (1.25) + 
Opus® (0.15) + 
Phoenix® (1.5) 

Adexar® (1.25) + 
Opus® (0.15) + 
Phoenix® (1.5) 

Opus® (0.75) + 
Comet® (0.4) 

37.2 16.
0 

824 

20  Imtrex® (1.25) + 
Kestrel® (1.0) 

Imtrex® (1.25) + 
Kestrel® (1.0) 

Opus® (0.75) + 
Comet® (0.4) 

46.9 16.
2 

818 

21  Imtrex® (1.25) + 
Kestrel® (1.0) + 
Phoenix® (1.5) 

Imtrex® (1.25) + 
Kestrel® (1.0) + 
Phoenix® (1.5) 

Opus® (0.75) + 
Comet® (0.4) 

33.4 16.
0 

839 

    Mean 44.8 15.
9 

857 

    P value <0.00
1 

<0.
001 

<0.00
1 

    LSD (P=0.05) 6.7 0.5 176 

    CV (%)  3.1  

Note: Yellow indicates the treatments that were amongst those that produced the greatest disease reduction, 
grain yield and/or MoC. Adexar® (active ingredient 62.5 g/L fluxapyroxad and 62.5 g/L epoxiconazole, Group 7 
and 3 fungicides); Aviator Xpro® (75 g/L bixafen and 150 g/L prothioconazole, Group 7 and 3 fungicides); 
Elatus™ Plus (a.i. 100 g/L Benzovindiflupyr (Solatenol™), Group 7 fungicide); Imtrex® (a.i. 62.5 g/L fluxapyroxad, 
Group 7 fungicide); Kestrel® (a.i. 160 g/L prothioconazole and 80 g/L tebuconazole, Group 3 fungicides) Opus® 
(a.i. 125 g/L epoxiconazole, Group 3 fungicide); Phoenix® (a.i. 500 g/L folpet, Group M4 fungicide); Proline® 
(a.i. 250 g/L prothioconazole, Group 3 fungicide); QuestarTM (a.i.  50 g/L fenpicoxamid, Group 21 fungicide); 
Revystar® (a.i. 100 g/L mefenitrifluconazole and 50 g/L fluxapyroxad, Group 3 and 7 fungicides). 1LAA by STB 
(%), percent leaf area affected by STB. Disease was assessed on the top three leaves at GS 75-80. 2MoC, 
margin-over-fungicide cost. *MoC not calculated as non-commercially available product used. 
 

Table 2. Grain quality measurements for autumn sown wheat cv. Ignite under irrigation at Barrhill, 
Canterbury in 2019-20, following application of different fungicide programmes.  

Treat
ment 
numb

er 

Timing and Growth Stage (GS) of fungicide treatments (L/ha) 
Scree
nings 
(%) 

TS
W 
(g) 

Specif
ic 

weigh
t 

(kg/h
L) 

Prot
ein 
(%) 

T0 
GS 30-

31 

T1 
GS 32 

T2 
GS 39 

T3 
GS 65 

1 Untrea
ted 

   0.4 50.
6 

73.9 8.8 

2  Proline® (0.6) Adexar® (1.0) + 
Opus® (0.25) 

Opus® (0.75) + 
Comet® (0.4) 

0.2 58.
8 

76.6 8.7 

3  Proline® (0.6) + 
Phoenix® (1.5) 

Adexar® (1.0) + 
Opus® (0.25) + 
Phoenix® (1.5) 

Opus® (0.75) + 
Comet® (0.4) 

0.2 58.
4 

76.7 8.6 

4 Opus® 
(1.0) 

Proline® (0.6) Adexar® (1.0) + 
Opus® (0.25) 

Opus® (0.75) + 
Comet® (0.4) 

0.3 58.
5 

77.0 8.8 

5 Opus® 
(1.0) 

Proline® (0.6) + 
Phoenix® (1.5) 

Adexar® (1.0) + 
Opus® (0.25) + 
Phoenix® (1.5) 

Opus® (0.75) + 
Comet® (0.4) 

0.3 58.
6 

76.3 8.3 

6  Aviator Xpro® 
(1.0) 

Adexar® (1.0) + 
Opus® (0.25) 

Opus® (0.75) + 
Comet® (0.4) 

0.3 57.
0 

76.8 8.5 

7  Aviator Xpro® 
(1.0) + Phoenix® 
(1.5) 

Adexar® (1.0) + 
Opus® (0.25) + 
Phoenix® (1.5) 

Opus® (0.75) + 
Comet® (0.4) 

0.3 58.
4 

76.2 8.6 

8 Opus® 
(1.0) 

Aviator Xpro® 
(1.0) 

Adexar® (1.0) + 
Opus® (0.25) 

Opus® (0.75) + 
Comet® (0.4) 

0.3 58.
5 

76.7 8.8 



 

 

9 Opus® 
(1.0) 

Aviator Xpro® 
(1.0) + Phoenix® 
(1.5) 

Adexar® (1.0) + 
Opus® (0.25) + 
Phoenix® (1.5) 

Opus® (0.75) + 
Comet® (0.4) 

0.2 58.
4 

76.9 8.6 

10  Elatus™ Plus 
(0.75) + Opus® 
(0.75) 

Elatus™ Plus (0.75) + 
Opus® (0.75) 

Opus® (0.75) + 
Comet® (0.4) 

0.2 58.
2 

77.0 8.6 

11  Elatus™ Plus 
(0.75) + Opus® 
(0.75) + Phoenix® 
(1.5) 

Elatus™ Plus (0.75) + 
Opus® (0.75) + 
Phoenix® (1.5) 

Opus® (0.75) + 
Comet® (0.4) 

0.2 58.
7 

77.0 8.6 

12  Revystar® (1.5) Revystar® (1.5) Opus® (0.75) + 
Comet® (0.4) 

0.2 57.
2 

77.0 9.0 

13  Revystar® (1.5) + 
Phoenix® (1.5) 

Revystar® (1.5) + 
Phoenix® (1.5) 

Opus® (0.75) + 
Comet® (0.4) 

0.3 58.
4 

76.5 8.5 

14  Kestrel® (1.0) Kestrel® (1.0) Opus® (0.75) + 
Comet® (0.4) 

0.3 58.
2 

76.8 8.4 

15  Kestrel® (1.0) + 
Phoenix® (1.5) 

Kestrel® (1.0) + 
Phoenix® (1.5) 

Opus® (0.75) + 
Comet® (0.4) 

0.3 58.
4 

76.7 8.8 

16  QuestarTM (2.0) + 
Kestrel® (1.0) 

QuestarTM (2.0) + 
Kestrel® (1.0) 

Opus® (0.75) + 
Comet® (0.4) 

0.4 57.
7 

76.4 8.5 

17  QuestarTM (2.0) + 
Kestrel® (1.0) + 
Phoenix® (1.5) 

QuestarTM (2.0) + 
Kestrel® (1.0) + 
Phoenix® (1.5) 

Opus® (0.75) + 
Comet® (0.4) 

0.3 57.
3 

76.6 8.9 

18  Adexar® (1.25) + 
Opus® (0.15) 

Adexar® (1.25) + 
Opus® (0.15) 

Opus® (0.75) + 
Comet® (0.4) 

0.3 56.
8 

77.3 8.8 

19  Adexar® (1.25) + 
Opus® (0.15) + 
Phoenix® (1.5) 

Adexar® (1.25) + 
Opus® (0.15) + 
Phoenix® (1.5) 

Opus® (0.75) + 
Comet® (0.4) 

0.3 57.
9 

76.6 8.5 

20  Imtrex® (1.25) + 
Kestrel® (1.0) 

Imtrex® (1.25) + 
Kestrel® (1.0) 

Opus® (0.75) + 
Comet® (0.4) 

0.3 58.
4 

76.7 8.5 

21  Imtrex® (1.25) + 
Kestrel® (1.0) + 
Phoenix® (1.5) 

Imtrex® (1.25) + 
Kestrel® (1.0) + 
Phoenix® (1.5) 

Opus® (0.75) + 
Comet® (0.4) 

0.3 59.
5 

76.7 8.5 

    Mean 0.3 57.
9 

76.6 8.6 

    P value NS <0.
001 

<0.00
1 

NS 

    LSD (p=0.05) 0.2 2.6 0.9 0.6 

    CV (%) 40.5 3.1 0.8 4.7 

Note: Adexar® (active ingredient 62.5 g/L fluxapyroxad and 62.5 g/L epoxiconazole, Group 7 and 3 fungicides); 
Aviator Xpro® (75 g/L bixafen and 150 g/L prothioconazole, Group 7 and 3 fungicides); Elatus™ Plus (a.i. 100 
g/L Benzovindiflupyr (Solatenol™), Group 7 fungicide); Imtrex® (a.i. 62.5 g/L fluxapyroxad, Group 7 fungicide); 
Kestrel® (a.i. 160 g/L prothioconazole and 80 g/L tebuconazole, Group 3 fungicides) Opus® (a.i. 125 g/L 
epoxiconazole, Group 3 fungicide); Phoenix® (a.i. 500 g/L folpet, Group M4 fungicide); Proline® (a.i. 250 g/L 
prothioconazole, Group 3 fungicide); QuestarTM (a.i.  50 g/L fenpicoxamid, Group 21 fungicide); Revystar® (a.i. 
100 g/L mefenitrifluconazole and 50 g/L fluxapyroxad, Group 3 and 7 fungicides).  
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Key points 

• A complex of diseases reduced yield potential in this trial, to an average yield of 8.5 t/ha. 

• The maximum yield response to fungicide was 4.1 t/ha. 

• The addition of the multi-site Phoenix® (a.i. folpet, Group M4 fungicide) prolonged green 
leaf retention, but did not increase yield or economic returns. 

• Minimal yield or economic benefit was achieved by applying a T0 fungicide or by applying a 
succinate dehydrogenase inhibitor (SDHI – Group 7) fungicide at both T1 and T2 when 
compared to a single SDHI (Group 7) application at T2. 

• Three-spray, one-SDHI (Group 7 fungicide) programmes achieved the same disease control, 
yield and economic returns as high input programmes. 

• This approach allows for strategic use of at-risk chemistry to the most economically 
important application timing (GS 39), which may prolong the economic life of products 
containing this chemistry.  

• Careful stewardship is required to ensure long-term use of SDHI fungicides (Group 7). 

Background 
FAR autumn sown wheat fungicide trials conducted over the last five years have investigated the 
efficacy and economic returns of different winter wheat disease management programmes in the 
face of increasing insensitivity of Zymoseptoria tritici (cause of Septoria tritici blotch (STB)) to 
fungicides (FAR 2020). Two trials in 2018-19 using STB susceptible cultivars (cv.) found high fungicide 
inputs were required to control disease, and achieve high yields and strong economic margins. 
However, use of the moderately resistant cv. Ignite in 2019-20 under relatively low disease pressure, 
showed that a less intensive fungicide programme achieved the same yield and margin as a high 
input programme (FAR 2020, Drummond 2021). 

The objectives of this trial were to: 1. produce effective and economic winter wheat disease 
management programmes that maintain susceptibility of Zymoseptoria tritici to fungicide; 2. to 
evaluate disease management programmes that have a reduced environmental and economic 
footprint; and 3. to evaluate three new products: Caley® Iblon® (a.i. isoflucpyram and 
prothioconazole, Group 7 and 3 fungicides), QuestarTM (a.i. fenpicoxamid, Group 21 fungicide) and 
Revystar® (a.i. mefenitrifluconazole and fluxapyroxad; Group 3 and 7 fungicides). 

Methods 
The trial design was a randomised complete block with 23 treatments and 4 replicates. The design 
included a doubly resolvable row-column design (residual maximum likelihood (REML) overlay. 
There were 4 columns and 46 rows. The trial was sown in April 2020 using cv. Ignite, which has 
moderate resistance to STB. It is moderately susceptible to leaf rust (Puccinia triticina) and has 
intermediate resistance to powdery mildew (Blumeria graminis f. sp. fritici). 

The trial was sprayed as per the management of the paddock, except for fungicides (Table 1). All 
fungicides were applied with a backpack type plot boom, powered by an electric pressure pump. 
Five air induction Teejet AIXR 110 015 nozzles were used at 50 cm spacings and 250 kPa to apply 
water at 165 L/ha. 



 

 

At each assessment timing, ten representative main stems/plot were selected at random. Leaf area 
affected (LAA) by disease was visually assessed on the three highest leaves showing infection at 
growth stage (GS) 32 (2nd node on the main stem), GS 39 (flag leaf fully emerged), GS 65 (anthesis), 
GS 75-80 (early grain fill/milking) and GS 83-85 (mid-late grain fill/dough) (James 1971). Post 
anthesis, leaves displayed scorching symptoms, and ears appeared bleached. Symptoms were 
attributed to a complex of Fusarium spp., Microdochium spp. and sharp eyespot (Oculimacula 
yallundae). The resulting complex of diseases, made post flowering disease assessments difficult. 
Thus, green leaf area was assessed at the final assessment timing in addition to disease scores. The 
trial was harvested at GS 99 on 14 February 2021. Grain yield was adjusted to 14% seed moisture 
content. 

Statistical analysis of disease assessments, grain yield, grain quality and margin-over-cost (MoC) of 
fungicide was by REML analysis using Genstat® 19th Edition (VSN International Ltd, UK). 

Results and Discussion 
In the 2020-21 season, dry, mild conditions from sowing until anthesis, followed by wet November 
conditions, influenced disease development in this trial. With few prolonged periods of leaf wetness 
and relative humidity events >85% up to flag leaf, disease pressure conditions for STB were low. 
Thus, STB developed to reach low levels in the trial, with 21% observed on the top two leaves of the 
untreated control at the final assessment timing (Table 1).  

In early spring, conditions were conducive to the development of powdery mildew, (favoured by 
warm, rain free, humid weather) for which cv. Ignite has intermediate resistance (AHDB 2019). 
Powdery mildew affected lower leaves at early assessment timings and developed to reach 14% on 
the top two leaves of the untreated control. Leaf rust also developed later in the trial, with up to 
19% on the top two leaves of the untreated control. Typically, a late season disease, leaf rust 
spreads readily when dry, windy days disperse spores and cool nights with dew allows inoculum 
build up (AHDB 2019). 

In addition to foliar diseases, this trial was affected by stem and ear diseases. Cultivar Ignite has an 
intermediate resistance rating for Fusarium Head Blight, which prefers warm, dry conditions 
between sowing and GS 31 (1st node on the main stem), followed by wet weather at flowering, while 
sharp eyespot favours cool conditions and spring rainfall (AHDB 2019). Wet conditions in November 
were conducive to the development of these diseases. The development of a disease complex, made 
post-flowering disease assessments difficult and reduced the yield potential of this trial, which 
achieved an average yield of 8.5 t/ha (Table 1). In 2019-20, a FAR fungicide programmes trial on the 
same property, also using cv. Ignite achieved 15.9 t/ha (Drummond 2021). Other FAR fungicide 
programmes trials using cv. Starfire and cv. Oakley achieved 10.0 and 11.9 t/ha, respectively, in 
2018-19 (Drummond 2019). The maximum yield response to fungicide in the 2020-21 season was 4.1 
t/ha. There was no difference in the MoC between fungicide programmes (Table 1). 

All fungicide programmes significantly reduced STB, leaf rust and powdery mildew compared to the 
untreated control, with few differences between fungicide treatments (Table 1). The addition of the 
multi-site Phoenix® (a.i. folpet, Group M4) at GS 32 and GS 39 rarely provided any additional disease 
control, but prolonged green leaf area when added to Kestrel® (a.i. prothioconazole and 
tebuonazole, Group 3 fungicides) followed by Adexar® (a.i. fluxapyroxad and epoxiconazole, Group 7 
and 3 fungicides) or Revystar®. It also prolonged green leaf area when added to Aviator Xpro® (a.i. 
bixafen and prothioconazole, Group 7 and 3 fungicides) or QuestarTM followed by Adexar®. Despite 
prolonged green leaf area, the addition of Phoenix® did not significantly increase yield or MoC, 
although it is considered to be important as a resistance management strategy (Table 1) (FAR 2020).  

Where four fungicide application timings were made, one in four programmes showed a significant 
yield increase with a T0 (GS 30) application, however this was not associated with increased 
economic returns (Table 1). This is consistent with other FAR trials that have rarely found a yield or 
financial reward for controlling early disease if further disease development is partially controlled by 



 

 

cultivar selection or curtailed by dry conditions later in the season (FAR 2020). Similarly, any 
additional yield achieved when two SDHI (Group 7) fungicides were applied as part of a three or 
four-spray programme did not provide any financial benefit or additional disease control over a 
single SDHI (Group 7) approach. Promising disease control, yield and economic returns were 
achieved where the new products Revystar® and Caley® Iblon® (Group 7 + 3 fungicides) were applied 
at GS 39 as part of a three-spray, one SDHI (Group 7) programme (Table 1).  

These data demonstrated how a three-spray, one SDHI (Group 7) programme achieved similar 
disease control, yield and economic returns to higher input 4-spray and two SDHI (Group 7) 
programmes. While these results are encouraging, these products need to be carefully stewarded to 
ensure their long-term use, as SDHI fungicides (Group 7) have at least a moderate risk of resistance 
development (FRAC 2019). Fungicide Resistance Action Committee (FRAC) guidelines state a 
maximum of two SDHI (Group 7) fungicides can be made to a crop in a season and that they must be 
applied in mixtures with another effective mode of action group (FRAC 2021). Thus, if disease 
pressure and cultivar selection mean a crop does not require two Group 7 fungicide applications, a 
single application, at the most economically important timing (GS 39), might slow the rate of 
selection pressure for resistance development. This strategic use might prolong the economic life of 
the at-risk fungicide group and also help reduce the environmental footprint of the crop (Drummond 
and McCormick 2021). 

Grain quality measurements were affected by the low yields achieved by this trial (Table 2). 
Thousand seed weight (TSW) and bulk density (specific weight – kg/hL) were lowest for the 
untreated plots with 28.5 g and 52.8 kg/hL, while screenings (grain > 2mm) and protein (%) were 
highest with 2.7 and 11.9%, respectively. There were few differences in grain quality measurements 
between fungicide programmes, indicating that grain quality was not affected by choice in fungicide 
programme. 

Future fungicide programmes trials will focus on development of balanced programmes as part of an 
integrated approach to disease management and stewardship of new and existing chemistry. 

Summary 
Despite development of a yield-limiting disease complex, the 2020-21 winter wheat fungicide 
programme trial demonstrated that three-spray, one SDHI (Group 7) programmes featuring new 
products achieved the same disease control, yield and MoC as a high input programme. This is 
consistent with previous FAR fungicide programmes trials. This approach allows for strategic use of 
at-risk chemistry to the most economically important application timing (GS 39), which might 
prolong the economic life of these products.  
 
While new products looked promising, careful stewardship will be required to ensure their long-term 
use. This means the development of balanced programmes that don’t rely on the same products 
year on year. 
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Table 1. Severity of Septoria tritici blotch, leaf rust and powdery mildew (LAA%), green leaf area (%), grain yield (t/ha) and margin over fungicide cost ($/ha) for 
autumn sown wheat cv. Ignite, under irrigated conditions at Barrhill, Canterbury in 2020-21, following application of different fungicide programmes.  

Treatment 
Number 

Timing, Growth Stage (GS) and application date of fungicide treatments (L/ha) 
LAA1 

by 
STB (%) 

LAA by 
Leaf Rust 

(%) 

LAA2 by 
PM (%) 

GLA3 (%) 
Yield 
(t/ha) 

MoC4 
($/ha) T0 

GS 30-31 
(24.9.20) 

T1 
GS 32 

(13.10.20) 

T2 
GS 39 

(5.11.20) 

T3 
GS 65 

(3.12.20) 

1 Untreated    21.3 19.4 13.6 0.4 5.2 * 

2  Proline® (0.6) Adexar® (1.0) + Opus® (0.25) Prosaro® (1.0) 6.6 2.5 3.4 34.5 8.0 875 

3  Proline® (0.6) + 
Phoenix® (1.5) 

Adexar® (1.0) + Opus® (0.25) + 
Phoenix® (1.5) 

Prosaro® (1.0) 2.7 1.1 3.5 53.0 8.6 1019 

4 Opus® (1.0) Proline® (0.6) Adexar® (1.0) + Opus® (0.25) Prosaro® (1.0) 4.4 0.9 2.5 30.9 8.8 1124 

5 Opus® (1.0) Proline® (0.6) + 
Phoenix® (1.5) 

Adexar® (1.0) + Opus® (0.25) + 
Phoenix® (1.5) 

Prosaro® (1.0) 3.1 0.8 2.2 40.4 9.0 1140 

6  Bolide® (1.875) Adexar® (1.0) + Opus® (0.25) Prosaro® (1.0) 6.2 1.4 2.8 39.0 8.1 931 

7  Bolide® (1.875) + 
Phoenix® (1.5)  

Adexar® (1.0) + Opus® (0.25) + 
Phoenix® (1.5) 

Prosaro® (1.0) 2.0 0.5 3.2 33.9 8.5 1014 

8  Kestrel® (1.0) Adexar® (1.0) + Opus® (0.25) Prosaro® (1.0) 2.3 0.4 3.1 39.7 8.4 1019 

9  Kestrel® (1.0) + 
Phoenix® (1.5) 

Adexar® (1.0) + Opus® (0.25) + 
Phoenix® (1.5) 

Prosaro® (1.0) 2.4 1.0 3.1 55.2 8.5 992 

10  QuestarTM (2.0) + 
Kestrel® (1.0) 

Adexar® (1.0) + Opus® (0.25) Prosaro® (1.0) 1.8 1.4 3.5 32.5 8.3 875 

11  QuestarTM (2.0) + 
Kestrel® (1.0) + 
Phoenix® (1.5) 

Adexar® (1.0) + Opus® (0.25) + 
Phoenix® (1.5) 

Prosaro® (1.0) 1.4 0.8 2.7 51.2 8.5 896 

12  Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Prosaro® (1.0) 4.1 0.9 2.4 43.2 8.6 1040 

13  Aviator Xpro® (1.0) 
+ Phoenix® (1.5) 

Adexar® (1.0) + Opus® (0.25) + 
Phoenix® (1.5) 

Prosaro® (1.0) 2.3 0.7 2.4 35.9 8.6 986 

14 Opus® (1.0) Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Prosaro® (1.0) 3.2 0.8 2.3 36.6 8.7 1039 

15 Opus® (1.0) Aviator Xpro® (1.0) 
+ Phoenix® (1.5) 

Adexar® (1.0) + Opus® (0.25) + 
Phoenix® (1.5) 

Prosaro® (1.0) 1.1 0.9 1.9 50.4 8.9 1060 

16  Kestrel® (1.0) Adexar® (1.0) + Opus® (0.25) Prosaro® (1.0) 4.3 0.8 3.0 37.0 8.6 1081 

17  Kestrel® (1.0) + 
Phoenix® (1.5) 

Adexar® (1.0) + Opus® (0.25) + 
Phoenix® (1.5) 

Prosaro® (1.0) 2.5 0.2 1.8 45.2 8.8 1111 



 

 

18  Kestrel® (1.0) ElatusTM Plus (0.75) + Opus® (0.75) Prosaro® (1.0) 1.2 0.0 2.3 38.8 8.6 1063 

19  Kestrel® (1.0) + 
Phoenix® (1.5) 

ElatusTM Plus (0.75) + Opus® (0.75) Prosaro® (1.0) 0.7 0.1 3.1 34.1 8.6 1017 

20  Kestrel® (1.0) Revystar® (1.5) Prosaro® (1.0) 0.8 0.0 2.7 35.1 8.5 1002 

21  Kestrel® (1.0) + 
Phoenix® (1.5) 

Revystar® (1.5) + Phoenix® (1.5) Prosaro® (1.0) 0.5 0.5 2.5 51.5 9.3 1236 

22  Kestrel® (1.0) Caley® Iblon® (1.5) Prosaro® (1.0) 0.5 0.2 2.8 50.8 8.9 1150 

23  Kestrel® (1.0) + 
Phoenix® (1.5) 

Caley® Iblon® (1.5) + Phoenix® (1.5) Prosaro® (1.0) 0.8 0.1 1.9 55.3 8.8 1074 

    Mean 3.3 1.5 3.2 40.2 8.5 1034 

    P value <0.001 <0.001 <0.001 <0.001 <0.001 0.2 

    LSD (p=0.05) 3.4 1.4 1.8 12.2 0.5 108 

    CV (%)     4.2  

Note: Yellow indicates the treatments that were amongst those that produced the highest grain yield and/or MoC. Adexar® (active ingredient 62.5 g/L fluxapyroxad and 62.5 g/L 
epoxiconazole, Group 7 and 3 fungicides); Aviator Xpro® (75 g/L bixafen and 150 g/L prothioconazole, Group 7 and 3 fungicides); Bolide® (a.i. 50 g/L epoxiconazole and 225 g/L prochloraz, 
Group 3 fungicides); Caley® Iblon® (a.i. 50 g/L isoflucpyram and 100 g/L prothioconazole, Group 7 and 3 fungicides); Elatus™ Plus (a.i. 100 g/L Benzovindiflupyr (Solatenol™), Group 7 
fungicide); Imtrex® (a.i. 62.5 g/L fluxapyroxad, Group 7 fungicide); Kestrel® (a.i. 160 g/L prothioconazole and 80 g/L tebuconazole, Group 3 fungicides) Opus® (a.i. 125 g/L epoxiconazole, 
Group 3 fungicide); Phoenix® (a.i. 500 g/L folpet, Group M4 fungicide); Proline® (a.i. 250 g/L prothioconazole, Group 3 fungicide); Prosaro® (a.i. 125 g/L prothioconazole and 125 g/L 
tebuconazole, Group 3 fungicides); QuestarTM (a.i.  50 g/L fenpicoxamid, Group 21 fungicide); Revystar® (a.i. 100 g/L mefenitrifluconazole and 50 g/L fluxapyroxad, Group 3 and 7 fungicides). 
1LAA by STB (%), percent leaf area affected by STB.2LAA by PM (%), percent leaf area affected by powdery mildew. Disease was assessed on the top three leaves at GS 83. 3GLA, percent green 
leaf area. 4MoC, margin-over-fungicide cost. 

 

 

 

 

 

 

 

 

 



 

 

Table 2. Grain quality measurements for autumn sown wheat cv. Ignite, under irrigation at Barrhill, Canterbury in 2020-21, following application of different 
fungicide programmes. 

Treatment 
Number 

Timing, Growth Stage (GS) and application date of fungicide treatments (L/ha) 

Screenings 
(%) 

TSW 
(g) 

Specific 
Weight 
(kg/hL) 

Protein 
(%) T0 

GS 30-31 
(24.9.20) 

T1 
GS 32 

(13.10.20) 

T2 
GS 39 

(5.11.20) 

T3 
GS 65 

(3.12.20) 

1 Untreated    2.7 28.5 52.8 11.9 

2  Proline® (0.6) Adexar® (1.0) + Opus® (0.25) Prosaro® (1.0) 1.6 36.0 63.9 11.3 

3  Proline® (0.6) + Phoenix® (1.5) Adexar® (1.0) + Opus® (0.25) + 
Phoenix® (1.5) 

Prosaro® (1.0) 1.9 35.0 62.9 11.1 

4 Opus® (1.0) Proline® (0.6) Adexar® (1.0) + Opus® (0.25) Prosaro® (1.0) 1.1 35.4 61.6 11.1 

5 Opus® (1.0) Proline® (0.6) + Phoenix® (1.5) Adexar® (1.0) + Opus® (0.25) + 
Phoenix® (1.5) 

Prosaro® (1.0) 1.3 36.2 65.0 11.1 

6  Bolide® (1.875) Adexar® (1.0) + Opus® (0.25) Prosaro® (1.0) 1.2 36.5 60.9 11.2 

7  Bolide® (1.875) + Phoenix® (1.5)  Adexar® (1.0) + Opus® (0.25) + 
Phoenix® (1.5) 

Prosaro® (1.0) 1.4 36.1 63.7 11.1 

8  Kestrel® (1.0) Adexar® (1.0) + Opus® (0.25) Prosaro® (1.0) 1.3 37.2 65.6 11.0 

9  Kestrel® (1.0) + Phoenix® (1.5) Adexar® (1.0) + Opus® (0.25) + 
Phoenix® (1.5) 

Prosaro® (1.0) 1.4 36.9 61.8 11.0 

10  QuestarTM (2.0) + Kestrel® (1.0) Adexar® (1.0) + Opus® (0.25) Prosaro® (1.0) 1.6 35.3 60.6 11.1 

11  QuestarTM (2.0) + Kestrel® (1.0) + 
Phoenix® (1.5) 

Adexar® (1.0) + Opus® (0.25) + 
Phoenix® (1.5) 

Prosaro® (1.0) 1.4 36.9 64.2 10.9 

12  Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Prosaro® (1.0) 1.4 36.8 63.7 11.0 

13  Aviator Xpro® (1.0) + Phoenix® 
(1.5) 

Adexar® (1.0) + Opus® (0.25) + 
Phoenix® (1.5) 

Prosaro® (1.0) 1.4 36.6 62.0 11.0 

14 Opus® (1.0) Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Prosaro® (1.0) 1.3 36.7 62.8 11.3 

15 Opus® (1.0) Aviator Xpro® (1.0) + Phoenix® 
(1.5) 

Adexar® (1.0) + Opus® (0.25) + 
Phoenix® (1.5) 

Prosaro® (1.0) 1.6 36.7 64.3 11.0 

16  Kestrel® (1.0) Adexar® (1.0) + Opus® (0.25) Prosaro® (1.0) 1.3 37.0 65.0 11.1 

17  Kestrel® (1.0) + Phoenix® (1.5) Adexar® (1.0) + Opus® (0.25) + 
Phoenix® (1.5) 

Prosaro® (1.0) 1.4 37.1 65.8 11.0 

18  Kestrel® (1.0) ElatusTM Plus (0.75) + Opus® (0.75) Prosaro® (1.0) 1.5 36.5 65.7 10.9 



 

 

19  Kestrel® (1.0) + Phoenix® (1.5) ElatusTM Plus (0.75) + Opus® (0.75) Prosaro® (1.0) 1.5 35.8 64.5 11.2 

20  Kestrel® (1.0) Revystar® (1.5) Prosaro® (1.0) 1.5 37.6 67.0 10.9 

21  Kestrel® (1.0) + Phoenix® (1.5) Revystar® (1.5) + Phoenix® (1.5) Prosaro® (1.0) 1.4 38.6 65.8 10.9 

22  Kestrel® (1.0) Caley® Iblon® (1.5) Prosaro® (1.0) 1.4 36.6 65.0 11.0 

23  Kestrel® (1.0) + Phoenix® (1.5) Caley® Iblon® (1.5) + Phoenix® (1.5) Prosaro® (1.0) 0.5 36.0 65.6 11.2 

    Mean 1.5 36.2 63.5 11.0 

    P value <0.001 <0.001 <0.001 <0.001 

    LSD (p=0.05) 0.5 1.2 1.8 0.2 

    CV (%) - - - - 

Note: Adexar® (active ingredient 62.5 g/L fluxapyroxad and 62.5 g/L epoxiconazole, Group 7 and 3 fungicides); Aviator Xpro® (75 g/L bixafen and 150 g/L prothioconazole, Group 7 and 3 
fungicides); Bolide® (a.i. 50 g/L epoxiconazole and 225 g/L prochloraz, Group 3 fungicide);  Caley® Iblon® (a.i. 50 g/L isoflucpyram and 100 g/L prothioconazole, Group 7 and 3 fungicides); 
Elatus™ Plus (a.i. 100 g/L Benzovindiflupyr (Solatenol™), Group 7 fungicide); Imtrex® (a.i. 62.5 g/L fluxapyroxad, Group 7 fungicide); Kestrel® (a.i. 160 g/L prothioconazole and 80 g/L 
tebuconazole, Group 3 fungicides) Opus® (a.i. 125 g/L epoxiconazole, Group 3 fungicide); Phoenix® (a.i. 500 g/L folpet, Group M4 fungicide); Proline® (a.i. 250 g/L prothioconazole, Group 3 
fungicide); ); Prosaro® (a.i. 125 g/L prothioconazole and 125 g/L tebuconazole, Group 3 fungicides); QuestarTM (a.i.  50 g/L fenpicoxamid, Group 21 fungicide); Revystar® (a.i. 100 g/L 
mefenitrifluconazole and 50 g/L fluxapyroxad, Group 3 and 7 fungicides)
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Key points  

• In 2020-21, Septoria tritici blotch (STB) disease pressure was low to moderate in both the 
irrigated and dryland trials. 

• Under these conditions, the most resistant cultivar (cv. Firelight) had a lower yield loss (up to 
0.6 t/ha (5%)) than more susceptible cultivars (up to 4.7 t/ha (39%)) if fungicides were not 
applied, confirming that cultivar resistance provides the foundation for STB disease control. 

• However, flexibility in both the timings and rates of fungicide programmes was possible, 
even when growing the most susceptible cultivar (cv. Starfire) under irrigated conditions.  

• Flexibility is important, as spray timings can be missed due to adverse conditions, yield can 
be limited by dry conditions at key timings, and fungicides need strong stewardship with the 
emergence of resistance. 

• Economic returns from fungicide programmes were observed only when used on the most 
susceptible cultivar under irrigation.  

• Overall, the trials demonstrated how a lighter touch approach to STB disease control that 
uses cultivar resistance as its foundation, can balance yield and economic returns with 
resistance management. 

Background 
Management of Septoria tritici blotch (STB), caused by the fungal pathogen Zymoseptoria tritici, 
relies heavily on the use of foliar fungicides, particularly demethylase inhibitor (DMI) Group 3 
fungicides and succinate dehydrogenase inhibitor (SDHI) Group 7 fungicides. However, the 
prevalence and economic impact of STB varies depending on seasonal weather and the cultivar 
grown, creating challenges for farmers to control disease in a given field in a given year (FAR 2020). 
Spray timings also can be missed because of adverse conditions, and SDHIs and DMIs are considered 
to have at least a moderate risk of resistance development (FRAC 2019a and b). Thus, a flexible, 
lighter touch approach is important to enable profitable and effective disease management while 
continuing to steward the available chemistry. 

With the exception of the 2016-17 season, all FAR STB disease management trials since the 2014-15 
season have shown that the use of cultivars with greater STB disease resistance ratings provides 
more flexibility in the type, timing and dose of fungicides a grower can use to effectively manage STB 
(FAR 2020). The objective of this trial was to continue to investigate winter wheat disease 
management programmes on wheat cultivars with different resistance to STB, grown with irrigation 
or under dryland conditions to identify flexible, lighter touch programmes that do not compromise 
disease control or profitability. 

Methods 
The trial was sown on 30 April 2020. The trial design was a randomised complete block with 18 
treatments (6 fungicides x 3 cultivars) and 4 replicates. The cultivars were ‘Starfire’ (moderately 
resistant/moderately susceptible – MRMS), ‘Graham’ (moderately resistant – MR) and ‘Firelight’ 
(mostly resistant – MRR). The trial was sprayed as per the management of the paddock, except for 
fungicides (Tables 1-2, Appendix 1). 



 

 

At each assessment timing, ten main stems/plot were selected at random. Disease was assessed on 
the three highest leaves showing infection at growth stage (GS) 32 (2nd node on the main stem), GS 
39 (flag leaf fully emerged), GS 65 (anthesis), GS 75-80 (early grain fill/milking) and GS 83-85 (mid-
late grain fill – dough).  Disease data in Tables 1-2 were from assessment at GS 75-80 for both 
irrigated and dryland trials. 

Trials were harvested at GS 99 on 20 January and 12 February 2021 for the dryland and irrigated 
trials, respectively. Yield was adjusted to 14% moisture content. Instead of margin-over-fungicide 
cost (MoC), economic returns were based on revenue minus fungicide cost. This allowed cultivar 
effects to be included in the analysis more clearly. Gross margins for treatments were generated 
using ProductionWise®. Statistical analysis of disease assessments, yield, economic analysis and 
grain quality was by general ANOVA using Genstat® 19th Edition (VSN International Ltd, UK).  

Results and Discussion 
In the 2020-21 season, despite wet conditions during November, dry conditions with relatively few 
relative humidity events >85% up to flag leaf slowed disease progression, with low-moderate STB 
pressure across Mid Canterbury. In the latter part of the season, leaf rust developed to reach 
moderate-high levels, resulting in the formation of a STB:leaf rust complex, making post-flowering 
disease assessments challenging in some varieties. Temperature and solar radiation through grain-fill 
were similar to long-term means, but below the high yielding 2019-20 season, resulting in near 
average yields for both irrigated (11.9 t/ha) and dryland (7.9 t/ha) trials (including the no fungicide 
control) (Tables 1-2). 

Under irrigated conditions, if the crop did not have fungicide applied average yield losses were 0.6 
t/ha (5%) for the mostly resistant cv. Firelight compared to 4.1 t/ha (32%) for cv. Graham 
(moderately resistant) and 4.7 t/ha (39%) for cv. Starfire (moderately resistant – moderately 
susceptible), (Table 1). Under dryland conditions, average yield losses without fungicide were 0.4 
t/ha (5%) for cv. Firelight, 1.4 t/ha (17%) for cv. Graham and 1.6 t/ha (21%) for cv. Starfire (Table 2).    

Cultivar selection influenced flexibility in fungicide programme choice under both irrigated and 
dryland conditions. For all three cultivars, reduced input and flag leaf “straddle” programmes 
achieved similar yields to 4-spray programmes under irrigated conditions. However, revenue-cost 
and gross margin analysis showed the economic return for cv. Firelight in the untreated crop was 
equal to those from treatments receiving fungicides. There was an economic return on fungicide 
spend for cultivars Graham and Starfire, but no difference between fungicide programmes, 
suggesting that under trial conditions, reduced input programmes represented the greatest balance 
between disease control, yield, financial return and resistance management by reducing selection 
pressure on at-risk chemistry. 

The greatest flexibility under dryland conditions was achieved by cv. Firelight, where the gross 
margin for the untreated crop was equal to that for the fungicide-treated crops. Economic returns 
for cv. Graham were similar to the irrigated trial, with a return on fungicide spend over the 
untreated, but no difference between the treatments themselves. For the more susceptible cv. 
Starfire, revenue-cost and gross margin analysis showed it was possible to underspend on fungicide. 
The lack of return on investment on some fungicide programmes raises the question of risk, and 
demonstrates the importance of tailoring fungicide programmes to seasonal conditions, regardless 
of cultivar. 

Grain quality measurements in the irrigated trial found thousand seed weight (TSW) and bulk 
density (specific weight – kg/hL) were lowest for the untreated plots, with no difference in 
screenings (grain > 2mm) or protein (Table 3). Under dryland conditions, there were no grain quality 
differences for cv. Firelight. Screenings were highest for untreated cv. Graham and cv. Starfire and 
thousand seed weight and bulk density were lowest. This indicates that grain quality was not 
affected by choice in fungicide programme. 



 

 

Summary 
The 2020-21 wheat cultivar by fungicide trials at Chertsey continued to show disease control can 
largely be achieved by selection of a more resistant cultivar under low-moderate pressure 
(Drummond 2020, FAR 2020). The trials also demonstrated that cultivar selection can provide an 
opportunity to reduce fungicides inputs without losing disease control, helping to maintain 
economic returns and improve resistance management.  
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Table 1. Disease severity, yield, Revenue – fungicide cost ($/ha) and gross margin ($/ha) for autumn sown wheat cultivars with different disease resistance 

ratings*, under irrigated conditions at Chertsey in 2020-21, following application of different fungicide programmes.  Wheat price $390/t (Source: NZX Grain & 

Feed Insight). 

Cultivar Growth Stage (GS), application date and fungicide treatment (L/ha) LAA 

by 

STB 

(%)1 

LAA 

by 

Rust 

(%)1 

Yield 

(t/ha) 

Revenue 

cost 

($/ha) 

Gross 

Margin 

($/ha) 

GS 30-31 

(16.9.20)  

GS 32 

(13.10.20)  

GS 33-37 

(23.10.20)  

GS 39 

(2.11.20)  

GS 45 

(10.11.20)  

GS 65 

(23.11.20)  
Firelight Nil - - - - - 6.8 6.6 12.0 4515 2904 

Firelight - 
Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 
- - 3.5 5.0 12.5 4550 2940 

Firelight - 
Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 
- 

Opus® (0.75) + Comet® 

(0.4) 
3.4 5.0 12.5 4472 2862 

Firelight - 
Kestrel® 

(1.0) 
- - 

Adexar® (1.0) + Opus® 

(0.25) 

Opus® (0.75) + Comet® 

(0.4) 
2.7 4.0 12.7 4559 2949 

Firelight - - 
Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 

Opus® (0.75) + Comet® 

(0.4) 
2.2 2.9 12.7 4556 2946 

Firelight 
Opus® 

(1.0) 

Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 
- 

Opus® (0.75) + Comet® 

(0.4) 
0.6 2.5 12.5 4446 2836 

Graham Nil - - - - - 32.1 39.9 8.7 3240 1630 

Graham - 
Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 
- - 19.1 34.8 12.7 4607 2997 

Graham - 
Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 
- 

Opus® (0.75) + Comet® 

(0.4) 
13.3 24.3 12.7 4566 2956 

Graham - 
Kestrel® 

(1.0) 
- - 

Adexar® (1.0) + Opus® 

(0.25) 

Opus® (0.75) + Comet® 

(0.4) 
16.2 23.3 12.8 4568 2958 

Graham - - 
Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 

Opus® (0.75) + Comet® 

(0.4) 
9.4 15.0 12.6 4492 2882 

Graham 
Opus® 

(1.0) 

Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 
- 

Opus® (0.75) + Comet® 

(0.4) 
8.8 13.1 12.7 4500 2890 

Starfire Nil  - - - - 42.1 77.5 7.2 2666 1056 

Starfire - 
Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 
- - 28.3 36.8 11.7 4244 2634 

Starfire - 
Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 
- 

Opus® (0.75) + Comet® 

(0.4) 
27.4 36.4 12.0 4291 2681 

Starfire - 
Kestrel® 

(1.0) 
- - 

Adexar® (1.0) + Opus® 

(0.25) 

Opus® (0.75) + Comet® 

(0.4) 
17.4 24.1 11.8 4206 2594 

Starfire - - 
Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 

Opus® (0.75) + Comet® 

(0.4) 
16.3 22.9 11.9 4247 2625 



 

 

Starfire 
Opus® 

(1.0) 

Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 
- 

Opus® (0.75) + Comet® 

(0.4) 
11.6 18.9 11.9 4204 2594 

      
Mean 14.5 21.8 11.9 4274 2663 

      
P value <0.001 <0.001 <0.001 <0.001 <0.001 

      
LSD (p=0.05) 2.2 2.6 0.3 126 127 

            CV (%)   1.9   

Note: P value and LSD (p=0.05) reported for cultivar x fungicide interaction. Yellow indicates the treatments that were amongst those that produced the greatest seed 

yield, revenue – cost or gross margin.  Adexar® (a.i. 62.5 g/L fluxapyroxad and 62.5 g/L epoxiconazole, Group 7 and 3 fungicides); Comet® (a.i. 250 g/L picoxystrobin, 

Group 11 fungicide); Kestrel® (a.i. 160 g/L prothioconazole + 80 g/L tebuconazole, Group 3 fungicide); Opus® (125 g/L epoxiconazole, Group 3 fungicide). 1LAA (%) – 

percent leaf area affected by STB and leaf rust. Disease was assessed on the top two leaves at GS 75-80.  

*Cultivar ratings: Firelight (STB: mostly resistant – MRR; Leaf Rust: mostly resistant – MRR); Graham (STB: moderately resistant – MR; Leaf Rust: moderately 

resistant/moderately susceptible – MRMS); Starfire (STB: moderately resistant/moderately susceptible – MRMS; Leaf Rust: moderately susceptible – MS). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table 2. Disease severity, yield, Revenue – fungicide cost ($/ha) and gross margin ($/ha) for autumn sown wheat cultivars with different disease resistance 

ratings*, under dryland conditions at Chertsey in 2020-21, following application of different fungicide programmes.  Wheat price $390/t (Source: NZX Grain & 

Feed Insight). 

Cultiva

r 

Growth Stage (GS), application date and fungicide treatment (L/ha)    

GS 32 

(13.10.20) 

GS 39 

(2.11.20) 

GS 65 

(23.11.20) 

LAA by 

STB 

(%)1 

LAA by Leaf 

Rust 

(%)1 

Yield 

(t/ha) 

Revenue – 

cost 

($/ha) 

Gross 

Margin 

($/ha) 

Fireligh

t 
- - - 2.7 8.8 8.1 3001 1926 

Fireligh

t 
- 

Adexar® (1.0) + Opus® 

(0.25) 
- 2.6 7.8 8.3 3102 1926 

Fireligh

t 

Kestrel® 

(1.0) 

Adexar® (1.0) + Opus® 

(0.25) 
- 2.5 6.9 8.3 3013 1847 

Fireligh

t 

Kestrel® 

(1.0) 

Adexar® (1.0) + Opus® 

(0.25) 

Opus® (0.75) + Comet® 

(0.4) 
1.4 6.9 8.7 3257 1936 

Fireligh

t 
- 

Adexar® (0.62) + Opus® 

(0.45) 
- 2.2 6.9 8.5 3153 2001 

Fireligh

t 

Prosaro® 

(1.0) 

Adexar® (0.62) + Opus® 

(0.45) 
- 1.9 3.8 8.5 3153 1936 

Graha

m 
- - - 6.0 53.0 6.8 2475 1400 

Graha

m 
- 

Adexar® (1.0) + Opus® 

(0.25) 
- 4.8 17.3 8.0 2950 1774 

Graha

m 

Kestrel® 

(1.0) 

Adexar® (1.0) + Opus® 

(0.25) 
- 3.3 16.9 8.4 3130 1874 

Graha

m 

Kestrel® 

(1.0) 

Adexar® (1.0) + Opus® 

(0.25) 

Opus® (0.75) + Comet® 

(0.4) 
3.1 16.2 8.5 3169 1848 

Graha

m 
- 

Adexar® (0.62) + Opus® 

(0.45) 
- 4.4 21.4 8.0 2952 1800 

Graha

m 

Prosaro® 

(1.0) 

Adexar® (0.62) + Opus® 

(0.45) 
- 5.0 16.6 8.2 3034 1817 

Starfire - - - 13.6 79.4 6.0 2201 1126 

Starfire - 
Adexar® (1.0) + Opus® 

(0.25) 
- 5.9 37.9 7.2 2667 1491 

Starfire 
Kestrel® 

(1.0) 

Adexar® (1.0) + Opus® 

(0.25) 
- 4.5 21.4 7.9 2921 1665 



 

 

Starfire 
Kestrel® 

(1.0) 

Adexar® (1.0) + Opus® 

(0.25) 

Opus® (0.75) + Comet® 

(0.4) 
4.7 20.3 7.9 2951 1630 

Starfire - 
Adexar® (0.62) + Opus® 

(0.45) 
- 5.7 23.2 7.1 2632 1480 

Starfire 
Prosaro® 

(1.0) 

Adexar® (0.62) + Opus® 

(0.45) 
- 4.2 14.3 7.7 2856 1639 

   
Mean 5.9 21.0 7.9 2923 1729 

   

P value <0.001 <0.001 
<0.00

1 
<0.001 <0.001 

   
LSD (p=0.05) 1.6 10.3 0.4 174 174 

      CV (%)   4.0   

Note: P value and LSD (p=0.05) reported for cultivar x fungicide interaction. Yellow indicates the treatments that were amongst those that produced the greatest seed 

yield, revenue – cost or gross margin Yellow indicated the treatments that were amongst those that produced the greatest seed yield, revenue – cost or gross margin.  

Adexar® (a.i. 62.5 g/L fluxapyroxad and 62.5 g/L epoxiconazole, Group 7 and 3 fungicides); Comet® (a.i. 250 g/L picoxystrobin, Group 11 fungicide); Kestrel® (a.i. 160 

g/L prothioconazole + 80 g/L tebuconazole, Group 3 fungicide)); Opus® (125 g/L epoxiconazole, Group 3 fungicide); Prosaro® (a.i, 125 g/L prothioconazole + 125 g/L 

tebuconazole, Group 3 fungicide). 1LAA (%) – percent leaf area affected by STB and leaf rust. Disease was assessed on the top two leaves at GS 75-80.  

*Cultivar ratings: Firelight (STB: mostly resistant – MRR; Leaf Rust: mostly resistant – MRR); Graham (STB: moderately resistant – MR; Leaf Rust: moderately 

resistant/moderately susceptible – MRMS); Starfire (STB: moderately resistant/moderately susceptible – MRMS; Leaf Rust: moderately susceptible – MS). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table 3. Grain quality measurements for autumn sown wheat cultivars with different disease resistance ratings*, under irrigated conditions at Chertsey in 2020-

21, following application of different fungicide programmes.   

Cultivar Growth Stage (GS), application date and fungicide treatment (L/ha) Screenings 

(%) 

TSW 

(g) 

Specific 

Weight 

(kg/hL) 

Protein 

(%) 
GS 30-31 

(16.9.20)  

GS 32 

(13.10.20)  

GS 33-37 

(23.10.20)  

GS 39 

(2.11.20)  

GS 45 

(10.11.20)  

GS 65 

(23.11.20)  
Firelight Nil - - - - - 2.2 46.4 71.5 10.6 

Firelight - 
Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 
- - 2.1 48.6 72.1 10.2 

Firelight - 
Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 
- 

Opus® (0.75) + Comet® 

(0.4) 
2.3 47.4 71.7 10.4 

Firelight - 
Kestrel® 

(1.0) 
- - 

Adexar® (1.0) + Opus® 

(0.25) 

Opus® (0.75) + Comet® 

(0.4) 
1.9 49.4 72.2 10.1 

Firelight - - 
Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 

Opus® (0.75) + Comet® 

(0.4) 
2.3 48.0 72.6 10.0 

Firelight 
Opus® 

(1.0) 

Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 
- 

Opus® (0.75) + Comet® 

(0.4) 
1.9 49.4 72.2 10.0 

Graham Nil - - - - - 2.3 38.5 69.5 10.4 

Graham - 
Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 
- - 1.8 49.4 74.8 10.2 

Graham - 
Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 
- 

Opus® (0.75) + Comet® 

(0.4) 
1.7 49.9 75.0 10.2 

Graham - 
Kestrel® 

(1.0) 
- - 

Adexar® (1.0) + Opus® 

(0.25) 

Opus® (0.75) + Comet® 

(0.4) 
1.7 49.2 74.8 10.2 

Graham - - 
Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 

Opus® (0.75) + Comet® 

(0.4) 
1.7 48.5 75.1 10.2 

Graham 
Opus® 

(1.0) 

Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 
- 

Opus® (0.75) + Comet® 

(0.4) 
1.8 48.4 75.4 10.1 

Starfire Nil  - - - - 2.8 38.5 68.5 11.0 

Starfire - 
Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 
- - 2.4 45.6 76.5 10.6 

Starfire - 
Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 
- 

Opus® (0.75) + Comet® 

(0.4) 
2.1 46.2 76.3 10.6 

Starfire - 
Kestrel® 

(1.0) 
- - 

Adexar® (1.0) + Opus® 

(0.25) 

Opus® (0.75) + Comet® 

(0.4) 
2.5 46.0 76.6 10.5 

Starfire - - 
Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 

Opus® (0.75) + Comet® 

(0.4) 
2.6 47.6 76.9 10.6 

Starfire 
Opus® 

(1.0) 

Kestrel® 

(1.0) 
- 

Adexar® (1.0) + Opus® 

(0.25) 
- 

Opus® (0.75) + Comet® 

(0.4) 
2.2 45.5 76.2 10.6 

      
Mean 2.1 46.8 73.8 10.3 

      
P value 0.04 <0.001 <0.001 0.2 



 

 

      
LSD (p=0.05) 0.4 2.1 0.9  

Note: P value and LSD (p=0.05) reported for cultivar x fungicide interaction. Yellow indicates the treatments that were amongst those that produced the greatest seed 

yield, revenue – cost or gross margin.  Adexar® (a.i. 62.5 g/L fluxapyroxad and 62.5 g/L epoxiconazole, Group 7 and 3 fungicides); Comet® (a.i. 250 g/L picoxystrobin, 

Group 11 fungicide); Kestrel® (a.i. 160 g/L prothioconazole + 80 g/L tebuconazole, Group 3 fungicide); Opus® (125 g/L epoxiconazole, Group 3 fungicide).  

*Cultivar ratings: Firelight (STB: mostly resistant – MRR; Leaf Rust: mostly resistant – MRR); Graham (STB: moderately resistant – MR; Leaf Rust: moderately 

resistant/moderately susceptible – MRMS); Starfire (STB: moderately resistant/moderately susceptible – MRMS; Leaf Rust: moderately susceptible – MS). 

 

 

 

  



 

 

 

Table 4. Grain quality measurements for autumn sown wheat cultivars with different disease resistance ratings*, under dryland conditions at Chertsey in 2020-

21, following application of different fungicide programmes.   

Cultivar Growth Stage (GS), application date and fungicide treatment (L/ha)    

GS 32 

(13.10.20) 

GS 39 

(2.11.20) 

GS 65 

(23.11.20) 

Screenings 

(%) 

TSW 

(g) 

Specific weight 

(kg/hL) 

Protein 

(%) 

Firelight - - - 2.1 42.0 74.3 10.7 

Firelight - Adexar® (1.0) + Opus® (0.25) - 2.3 42.9 74.9 10.6 

Firelight Kestrel® (1.0) Adexar® (1.0) + Opus® (0.25) - 2.2 42.2 74.0 10.7 

Firelight Kestrel® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 1.9 42.1 74.5 10.5 

Firelight - Adexar® (0.62) + Opus® (0.45) - 2.0 42.2 74.1 10.9 

Firelight Prosaro® (1.0) Adexar® (0.62) + Opus® (0.45) - 2.3 42.2 74.0 10.7 

Graham - - - 1.7 37.6 74.5 10.5 

Graham - Adexar® (1.0) + Opus® (0.25) - 1.5 43.2 77.4 10.7 

Graham Kestrel® (1.0) Adexar® (1.0) + Opus® (0.25) - 1.4 43.8 77.2 10.7 

Graham Kestrel® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 1.3 44.0 77.8 10.6 

Graham - Adexar® (0.62) + Opus® (0.45) - 1.6 43.0 77.6 10.6 

Graham Prosaro® (1.0) Adexar® (0.62) + Opus® (0.45) - 1.3 43.7 77.6 10.8 

Starfire - - - 2.7 37.2 75.4 11.0 

Starfire - Adexar® (1.0) + Opus® (0.25) - 1.7 40.4 77.4 11.1 

Starfire Kestrel® (1.0) Adexar® (1.0) + Opus® (0.25) - 1.6 41.4 77.7 11.2 

Starfire Kestrel® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 1.4 42.0 77.9 11.2 

Starfire - Adexar® (0.62) + Opus® (0.45) - 1.6 39.9 77.4 11.2 

Starfire Prosaro® (1.0) Adexar® (0.62) + Opus® (0.45) - 1.6 40.8 77.9 11.2 
   

Mean 1.8 41.7 7.62 10.8 
   

P value 0.002 <0.001 <0.01 0.9 
   

LSD (p=0.05) 0.4 1.4 0.8  

Note: P value and LSD (p=0.05) reported for cultivar x fungicide interaction. Yellow indicates the treatments that were amongst those that produced the greatest seed 

yield, revenue – cost or gross margin Yellow indicated the treatments that were amongst those that produced the greatest seed yield, revenue – cost or gross margin.  

Adexar® (a.i. 62.5 g/L fluxapyroxad and 62.5 g/L epoxiconazole, Group 7 and 3 fungicides); Comet® (a.i. 250 g/L picoxystrobin, Group 11 fungicide); Kestrel® (a.i. 160 

g/L prothioconazole + 80 g/L tebuconazole, Group 3 fungicide)); Opus® (125 g/L epoxiconazole, Group 3 fungicide); Prosaro® (a.i, 125 g/L prothioconazole + 125 g/L 

tebuconazole, Group 3 fungicide).  

*Cultivar ratings: Firelight (STB: mostly resistant – MRR; Leaf Rust: mostly resistant – MRR); Graham (STB: moderately resistant – MR; Leaf Rust: moderately 

resistant/moderately susceptible – MRMS); Starfire (STB: moderately resistant/moderately susceptible – MRMS; Leaf Rust: moderately susceptible – MS). 



 

 

Appendix 1. Trial inputs 

Crop History 2019-20 Ryegrass 

 2018-19 Ryegrass 

   

Sowing date 30 April 2020  

   

Insecticides 30 April 2020 Suscon® Green 15 kg/ha + Diazinon 

   

Herbicides: 4 May 2020 Firebird® 500 mL/ha 

 21 September 2020 RexadeTM GoDriTM 100 g/ha +  
ContactTM Xcel 250 mL/ha 

 13 October 2020 StaraneTM Xtra 750 mL/ha 

 22 October 2020 Twinax® 300 mL/ha + HastenTM 

   

Fertiliser: Dryland  

 4 September 2020 Ammonium sulphate 30 kg N/ha 

 28 September 2020 SustaiN 60 kg N/ha 

 10 October 2020 SustaiN 38 kg N/ha 

 Irrigated  

 4 September 2020 Ammonium sulphate 30 kg N/ha 

 28 September 2020 SustaiN 120 kg N/ha 

 10 October 2020 SustaiN 80 kg N/ha 

   

Plant Growth Regulators: Dryland  

 1 October 2020 Cycocel® 750 1.0 L/ha 

 Irrigated  

 9 October 2020 Cycocel® 750 1.0 L/ha + Moddus® 200 mL/ha 

   

Fungicides:  As per treatment list  

   

Irrigation: Irrigated only  

 29 September 2020 20 mL 

 8 October 2020 30 mL 

 28 October 2020 35 mL 

 4 November 2020 20 mL 

 17 November 2020 20 mL 

 23 November 2020 25 mL 

 8 December 2020 30 mL 

 15 December 2020 20 mL 

 

Note: Suscon® Green (a.i. 100 g/kg chlorpyriphos, Group 1 insecticide); Diazinon (a.i. 200 g/kg diazinon, Group 
1 insecticide); Firebird® (a.i. 400 g/L flufenacet and 200 g/L diflufenican, Group 15 + Group 12 herbicides); 
RexadeTM GoDriTM (a.i. 50 g/kg halauxifen-methyl and 150 g/kg pyroxsulam, Group 4 + Group 2 herbicides), 
ContactTM Xcel (a.i. 980 g/L linear alcohol ethoxylate, non-ionic surfactant); StaraneTM Xtra (a.i. 333 g/L 
fluroxypyr, Group 4 herbicide); Twinax® (a.i. 100 g/L pinoxaden, Group 1 herbicide); HastenTM (a.i. 704 g/L fatty 
acids from canola oil, esterified seed oil); Cycocel® 750 (a.i. 750 g/L chlormequat chloride, plant growth 
regulator); Moddus® (a.i. 250 g/L trinexapac-ethyl, plant growth regulator) 

 

 

 

 



 

 

Winter wheat fungicide programmes on two cultivars under dryland conditions in South 
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Project code C19-31-03  

Duration  Year 1 of 7 
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Key points  

• Cultivar resistance provided the foundation for disease control with the mostly resistant 
cultivar (cv.) Firelight suffering a yield loss of 0.3 t/ha (4%) if fungicides were not applied, 
whereas yield of the moderately resistant cv. Ignite was reduced by 1.4 t/ha (17%). 

• Moisture stress through stem extension resulted in low disease pressure and limited yields; 
thus, no yield response to fungicide was found in this trial. 

• While not significant, these were similar to yield responses in the dryland cultivar x fungicide 
trial at Chertsey. 

• Overall, these data showed the importance of tailoring fungicide programmes to seasonal 
conditions, especially where moisture stress reduced disease pressure and limited yields. 

Background 
Management of Septoria tritici blotch (STB) caused by the fungal pathogen Zymoseptoria tritici (Zt) 
relies heavily on the use of foliar fungicides, particularly demethylase inhibitors (DMI – Group 3 
fungicides) and succinate dehydrogenase inhibitors (SDHI – Group 7 fungicides), which are 
considered to have at least a moderate risk of resistance development (FRAC 2019 and 2021). 
Declining sensitivity of Zt to Group 3 fungicides has been reported both in New Zealand and 
overseas, with higher doses now required to achieve effective disease control (FAR 2020, Klink et al. 
2021). New Zealand Zt isolates have shown a gradual decrease in sensitivity (measured by 
calculating the chemical concentration that reduced fungal growth by half in laboratory assays) to 
Group 7 fungicides, although values were similar to those of isolates collected overseas prior to use 
of these chemistries (FAR 2020, Warren et al. 2021). The combination of increased dose rates of 
Group 3 chemistry and the mixing requirements associated with Group 7 chemistry (FRAC 2019 and 
2021), means that fungicide programmes have become increasingly expensive. In dryland 
environments, where moisture stress can limit both disease development and overall yield, 
economic losses on fungicide spend are common (FAR 2020), forcing growers to make strategic 
decisions on fungicide programme selection. This could include reducing the total number of 
applications, reducing the dose of the more expensive mixing partner, or resorting to older, cheaper 
Group 3 fungicides, which may have reduced sensitivity to the target disease (Klink et al. 2021). 

The objective of this weigh-bin trial was to investigate effective winter wheat disease management 
programmes on two wheat cultivars with different resistance to STB, grown under dryland 
conditions. 

Methods 
The trial was sown in May 2020 and replaced the planned cultivar x fungicide trial that could not be 
drilled due to COVID-19 restrictions. The trial design was constrained by the available space and 
consisted of a randomised complete block with 6 treatments (three fungicides x 2 cultivars) and 2 
replicates. The plot size was 60 m x 24 m. The cultivars were cv. Firelight (mostly STB resistant – 
MRR) and cv. Ignite (moderately STB resistant – MR). The trial was sprayed as per the management 
of the paddock, except for fungicides (Table 1, Appendix 1). All applications, including fungicides, 
were applied by the host farmer. 



 

 

At each assessment timing, twenty main stems/plot were selected at random. Leaf area affected 
(LAA) by disease was visually assessed on the three highest leaves showing infection at growth stage 
(GS) 32 (2nd node on the main stem), GS 39 (flag leaf fully emerged), GS 65 (anthesis) and GS 75 – 80 
(early grain fill/milking) (James 1971). The GS 83-85 (mid-late grain fill/dough) assessment was not 
completed as the crop had senesced. Disease data in Table 1 was from GS 75-80. 

The trial was harvested at GS 99 by the farmer on 27 January 2021. Yield for each plot was 
determined using a calibrated weigh bin. The harvested plot size ranged from 1039 – 1080 m2. Yield 
was adjusted to 14% moisture content. Instead of margin-over-fungicide cost (MoC), economic 
returns were based on revenue minus fungicide cost. This allowed cultivar effects to be included in 
the analysis. Statistical analysis of disease assessments, yield and economic returns was by general 
ANOVA using Genstat® 19th Edition (VSN International Ltd, UK). 

Results and Discussion 
In the 2020-21 season, conditions in South Canterbury were dry from sowing until November. These 
conditions limited early spread of asexual spores in the early spring, and STB pressure across the 
region was low. By the start of grain fill at GS 75-80, disease had developed to reach low levels on 
the top three leaves. By stem extension, growers recognised that dry conditions were likely to be 
yield limiting and began to adjust their target yields and management inputs. While temperature 
and solar radiation through grain fill were similar to long-term means, they were below the high 
yielding 2019-20 season, when yields of 15.5 t/ha for cv. Firelight and 13.5 t/ha for cv. Ignite under 
dryland conditions at St Andrews (FAR 2019) were obtained. Conditions during grain fill, coupled 
with earlier water stress, meant that yields in the 2020-21 season were similar to long-term 
averages. Mean yields were 8.2 t/ha and 7.8 t/ha for cvs. Firelight and Ignite, respectively. 

FAR trials have shown that disease control can be largely achieved by using a more resistant cultivar 
(Drummond and McCormick 2021, FAR 2020). Both of the cultivars in this trial were known to have 
at least moderate resistance to STB. However, cultivar breakdown can occur over time as a result of 
large-scale plantings. These allow for the selection of new pathogen races able to overcome 
resistance (Wolfe 1997). Breakdown has been seen in FAR cultivar performance trials, where prior to 
2015 cvs. Starfire and Torch, were highly resistant to STB, but now offer only intermediate resistance 
(FAR 2021). 

Low disease pressure meant that average yield losses were only 0.3 t/ha (4%) for cv. Firelight and 1.4 
t/ha (17%) for cv. Ignite (Table 1). While not significant (the replicate number was limited), this was 
similar to dryland trials at Chertsey where a 0.4 t/ha (5%) yield loss without fungicide was reported 
for cv. Firelight and 1.4 t/ha (17%) for the MR (moderately resistant) cv. Graham (Drummond and 
McCormick 2021). Disease developed to reach 2.0 % and 17.0 % on the top three leaves of cvs. 
Firelight and Ignite, respectively. There were no yield differences between fungicide programmes, 
suggesting dry conditions afforded flexibility in programme choice. However, FAR trials at Chertsey 
showed it was possible to under spend on fungicide when using a susceptible cultivar, even when 
disease pressure was low to moderate (Drummond and McCormick 2021). Furthermore, dry 
conditions in the current trial meant it was not clear if using older, generic products that are known 
to have reduced efficacy against STB increased the risk of a sensitivity shift in Group 3 products. This 
is possible as cross-resistance to several triazoles has been observed (Dooley et al 2016).  

No economic returns were found for either fungicide programme. This is consistent with previous 
FAR trials at St Andrews, where net losses on fungicide spend have been reported (FAR 2020). The 
lack of return on investment raises the question of risk, and demonstrates the importance of 
tailoring fungicide programmes to seasonal conditions, regardless of cultivar.  

Further trials are required to determine whether the approach using older generic products across 
three application timings, or a targeted approach using balanced mixtures at fewer application 
timings represents the strongest strategy for continued disease control, resistance management and 
economic returns. 



 

 

Summary 
Despite limited replication and low yield response to fungicide, this trial indicated selection of at 
least a moderately resistant cultivar provided flexibility in fungicide programme. Thus, this trial 
provided further evidence that cultivar selection is at the foundation of an integrated STB 
management programme. The increasing cost of fungicide programmes, especially under dryland 
conditions, where moisture stress can limit yield, is a challenge faced by growers and highlights the 
importance of tailoring fungicide programmes to seasonal conditions to maintain profitability. 
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Table 1. Disease severity, yield and revenue – fungicide cost for autumn sown wheat cultivars with 
different disease resistance ratings*, under dryland conditions at St Andrews in 2020-21, following 
application of different fungicide programmes. Wheat price $390/t (Source: NZX Grain & Feed 
Insight). 

Treat
ment 
Numb

er 

Culti
var 

Growth Stage (GS) and fungicide treatment (L/ha) LAA1 
by 

STB 
(%) 

Yi
el
d 

(t/
ha
) 

Revenue 
– 

fungicid
e 

cost 
($/ha) 

GS 32 GS 39 GS 65 

1 Fireli
ght 

Untreated   2.0 8.
0 

3123 

2 Fireli
ght 

Agpro Thiozole (0.5) 
+ Agpro 
Cyproconazole 
(0.125) 

Adexar® (0.62) + 
Opus® (0.45) 

Opus® (0.25) + 
Amistar® (0.25) 

1.4 8.
2 

3051 

3 Fireli
ght 

Prosaro® (1.0) Adexar® (1.0) + 
Opus® (0.25) 

Opus® (0.75) + 
Comet® (0.4) 

0.9 8.
4 

3044 

4 Ignit
e 

Untreated   16.5 6.
9 

2686 

5 Ignit
e 

Agpro Thiozole (0.5) 
+ Agpro 
Cyproconazole 
(0.125) 

Adexar® (0.62) + 
Opus® (0.45) 

Opus® (0.25) + 
Amistar® (0.25) 

4.4 8.
0 

2950 

6 Ignit
e 

Prosaro® (1.0) Adexar® (1.0) + 
Opus® (0.25) 

Opus® (0.75) + 
Comet® (0.4) 

1.8 8.
6 

2741 

    Mean 4.5 8.
0 

2933 

    P value <0.0
01 

0.
5 

0.5 

    LSD (p=0.05) 2.8 1.
2 

472 

    CV (%)  6.
0 

6.3 

Note: P value and LSD (p=0.05) reported for cultivar x fungicide interaction. Adexar® (a.i. 62.5 g/L fluxapyroxad 
and 62.5 g/L epoxiconazole, Group 7 and 3 fungicides); Agpro Cyproconazole (a.i. 200 g/L cyproconazole, 
Group 3 fungicide); Agpro Thiozole (a.i. 250 g/L prothioconazole, Group 3 fungicide), Comet® (a.i. 250 g/L 
picoxystrobin, Group 11 fungicide); Opus® (a.i. 125 g/L epoxiconazole, Group 3 fungicide); Prosaro® (a.i. 125 
g/L prothioconazole and 125 g/L tebuconazole, Group 3 fungicides). 1LAA (%) – percent leaf area affected by 
STB. Disease was assessed on the top three leaves at GS 75-80. *Cultivar ratings: Firelight (STB: mostly 
resistant – MRR), Ignite (STB: moderately resistant – MR) 
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Key points  

• Septoria tritici blotch (STB), caused by the pathogen Zymoseptoria tritici, did not develop in 
the trial despite early-season conditions being conducive to disease development. 

• Symptoms consistent with Alternaria Leaf Blight (ALB), likely caused by the pathogen 
Alternaria triticina, were identified in the trial post-anthesis.  

• There was no yield response to fungicide or difference between fungicide treatments. 

• The relatively low yield reported for this trial was not associated with reduced grain quality, 
and was more likely the result of delayed sowing, rather than ALB. 

• Growers should be aware of ALB, as it is possible it will reappear in future seasons.  

Background 
The economic impact of Septoria tritici blotch (STB), caused by the pathogen Zymoseptoria tritici 
(Zt), varies from year to year and between cultivars, creating challenges for farmers to control 
disease effectively in a given field in a given season (FAR 2020). Since 2014, FAR trials have shown 
that disease control can be largely achieved by using a cultivar with at least a moderate (MR) STB 
disease rating. Choosing an MR-rated cultivar also provides greater flexibility in the type of fungicide 
programme that can be used enabling strategic and seasonal decisions to be made for disease 
management.  

The 2020-21 cultivar x fungicide trial was established at Clinton, South Otago. However, it was 
abandoned because of waterlogging over the winter. A replacement trial was established in an 
existing crop of cultivar (cv.) Graham with a reduced number of treatments. The objectives of the 
trial were to: 1. identify effective and economic winter wheat disease management strategies that 
maintain susceptibility of Zt to fungicide; 2. to evaluate disease management programmes that have 
a reduced environmental and economic footprint; and 3. to evaluate independently the efficacy of 
three newly available fungicides for management: Caley® Iblon® (a.i. prothioconazole and 
isoflucpyram, Group 3 and 7 fungicides), QuestarTM (a.i. fenpicoxamid, Group 21 fungicide) and 
Revystar® (a.i. mefenitrifluconazole and fluxapyroxad; Group 3 and 7 fungicides). 

Methods 
The trial design was a randomised complete block with 12 treatments and 4 replicates. The design 
included a doubly resolvable row-column design (residual maximum likelihood (REML) overlay. 
There were 2 columns and 24 rows. The trial was sown on 26 May 2020 using cv. Graham, which has 
moderate resistance to STB.  

The trial was sprayed as per the management of the paddock (Appendix 1), except for fungicides 
(Table 1). All fungicides were applied with a battery-powered knapsack sprayer with three flat-fan 
spray nozzles that were used at 50 cm spacings to apply water at 200 L/ha. 

At each assessment timing, ten representative main stems/plot were selected at random. Leaf area 
affected (LAA) by disease was visually assessed on the three highest leaves showing infection at 
growth stage (GS) 30-31 (stem erect – 1st node on the main stem), GS 32 (2nd node on the main 



 

 

stem), GS 33-37 (3rd node – flag leaf emergence on the main stem), GS 39 (flag leaf fully emerged), 
GS 45 (boot swollen), GS 65 (anthesis), GS 75-80 (early grain fill/milking) and GS 83-85 (mid-grain fill/ 
dough) (James 1971). The trial was harvested at GS 99 on 19 March 2021 using a Wintersteiger plot 
harvester. Grain yield was adjusted to 14% seed moisture content. 

Statistical analysis of disease assessments, grain yield, grain quality and margin-over-fungicide cost 
(MoC) was by REML analysis using Genstat® 19th Edition (VSN International Ltd, UK). 

Results and Discussion 
In the 2020-21 season, conditions were mild but wet through winter until early stem extension in 
October. Dry conditions followed in late-spring and summer. With few prolonged periods of leaf 
wetness and relative humidity events >85% between flag leaf emergence and anthesis, disease 
pressure conditions for STB were low to moderate. Thus, STB, while present in lower leaves at early 
assessment timings, failed to develop further up the canopy later in the season. Necrotic lesions not 
consistent with STB symptoms were observed and were sent for diagnosis. Lesions were identified 
as Alternaria leaf blight (ALB), likely caused by the pathogen Alternaria triticina. Moderate levels of 
ALB disease developed in the crop, with 27% observed on the top three leaves of the untreated 
control by early grain fill (GS 75-80) (Table 1). Common in parts of Asia, ALB infection occurs through 
seed borne transmission or planting into infected soil (caused by infested crop residues where rain 
splash or leaves come into direct contact with the soil). ALB does not affect young plants. Overseas, 
ALB is controlled by seed treatment fungicides and foliar Group 3 fungicides (Plant Health Australia, 
2009). 

Fungicide treatments achieved significant control of the non-target disease compared to the 
untreated, although there were no differences between individual fungicide programmes. Disease 
control results showed how the new products Caley® Iblon® (a.i. isoflucpyram and prothioconazole, 
Group 7 and 3 fungicides), QuestarTM (a.i. fenpicoxamid, Group 21 fungicide) and Revystar® (a.i. 
mefenitrifluconazole and fluxapyroxad, Group 3 and 7 fungicides) could be successfully incorporated 
into fungicide programmes. Whilst these new products provide growers with more tools, care should 
be taken when using them, as with the exception of QuestarTM (Group 21), they all belong to existing 
fungicide groups. Group 3 fungicides (demethylation inhibitors (DMIs)) are at a medium risk of 
resistance development and Groups 7 and 21 (SDHIs and QiIs) have a medium to high risk of 
resistance development (FRAC 2019, FRAC 2021). There was no yield response to fungicide in this 
trial, despite good levels of disease control, with most programmes returning a net loss on fungicide 
spend (Table 1).  

The average yield in this trial was 9.6 t/ha. Previous FAR trials using cv. Graham, achieved 12.0 t/ha 
(FAR 2020), but were sown approximately two months earlier than the current trial.  The fact that 
there was no reduction in thousand seed weight (TSW) or specific weight (kg/hL), supports the 
suggestion that yield reduction was due to late sowing.  

Trials in 2021-22 will continue to quantify the flexibility provided by cultivar selection against the 
target pathogen STB in South Otago.  

Summary 
While conditions early in the season were conducive to STB development, dry conditions after flag 
leaf emergence meant disease pressure remained low to moderate. Symptoms consistent with ALB 
were diagnosed post anthesis. Growers should be aware of ALB, as it is possible that it will reappear 
in future seasons. However, disease was not sufficient to affect yield or quality.  

The relative low yields achieved in this trial were the result of a very delayed sowing date. 
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Table 1. Severity of Alternaria leaf blight, grain yield and margin-over-fungicide cost for autumn sown wheat cv. Graham, under dryland conditions at 
Clinton, South Otago in 2020-21, following application of different fungicide programmes. 

Treatment 
Number 

Timing, Growth Stage (GS), application date of fungicide treatments (L/ha) 

LAA1 by 
ALB (%) 

Yield 
(t/ha) 

MoC2 
($/ha) T0 

GS 30-31 
(13.10.20) 

T1 
GS 32 

(4.11.20) 

Late T1 
GS 33-37 

(19.11.20) 

T2 
GS 39 

(26.11.20) 

Late T2 
GS 45 

(15.12.20) 

T3 
GS 65 

(22.12.20) 

1 Untreated      27.3 9.4 * 

2  Kestrel® (1.0)  Adexar® (1.0) + 
Opus® (0.25) 

  12.8 9.8 -12 

3  Kestrel® (1.0)  Adexar® (1.0) + 
Opus® (0.25) 

 Opus® (0.75) + Comet® (0.4) 9.3 9.6 -129 

4  Kestrel® (1.0)   Adexar® (1.0) + 
Opus® (0.25) 

Opus® (0.75) + Comet® (0.4) 16.6 9.5 -156 

5   Kestrel® (1.0)  Adexar® (1.0) + 
Opus® (0.25) 

Opus® (0.75) + Comet® (0.4) 11.5 9.5 -132 

6 Opus® (1.0) Kestrel® (1.0)  Adexar® (1.0) + 
Opus® (0.25) 

 Opus® (0.75) + Comet® (0.4) 15.0 9.9 -16 

7  QuestarTM (2.0) 
+ Kestrel® (1.0) 

 Adexar® (1.0) + 
Opus® (0.25) 

 Opus® (0.75) + Comet® (0.4) 5.5 9.4 -283 

8  Kestrel® (1.0)  QuestarTM (2.0) + 
Kestrel® (1.0) 

 Opus® (0.75) + Comet® (0.4) 6.3 9.9 -67 

9  Kestrel® (1.0)  Adexar® (1.25) + 
Opus® (0.15) 

 Opus® (0.75) + Comet® (0.4) 9.5 9.9 18 

10  Kestrel® (1.0)  ElatusTM Plus (0.75) + 
Opus® (0.75) 

 Opus® (0.75) + Comet® (0.4) 10.6 9.8 -54 

11  Kestrel® (1.0)  Revystar® (1.5)  Opus® (0.75) + Comet® (0.4) 11.1 9.2 -302 

12  Kestrel® (1.0)  Caley® Iblon® (1.5)  Opus® (0.75) + Comet® (0.4) 7.0 9.4 -231 

      Mean 11.9 9.6 -120 

      P value 0.006 0.3 0.2 

      LSD (p=0.05) 9.1 0.6 244 

      CV (%) - 3.3 - 

Note: Adexar® (active ingredient (a.i.) 62.5 g/L fluxapyroxad + 62.5 g/L epoxiconazole, Group 7 and 3 fungicides); Caley® Iblon® (a.i. 50 g/L isoflucpyram and 100 g/L prothioconazole, Group 7 
and 3 fungicides); Comet® (a.i. 250 g/L pyraclostrobin, Group 11 fungicide); ElatusTM Plus (a.i 100 g/L benxovindiflupyr (SolatenolTM), Group 7 fungicide); Kestrel® (a.i.  160 g/L prothioconazole 
and 80 g/L tebuconazole, Group 3 fungicides); Opus® (a.i. 125 g/L epoxiconazole, Group 3 fungicide); QuestarTM (a.i. 50 g/L fenpicoxamid, Group 21 fungicide); Revystar® (a.i.  100 g/L 
mefenitrifluconazole and 50 g/L fluxapyroxad, Group 3 and 7 fungicides). 1LAA by ALB (%), percent leaf area affected by ALB. Disease was assessed on the top three leaves at GS 75-80. 2MoC, 
margin-over-fungicide-cost. Wheat price $390/ha; source NZ Grain and & Insight. 



 

 

Table 1. Grain quality measurements for autumn sown wheat cv. Graham, under dryland conditions at Clinton, South Otago in 2020-21, following 
application of different fungicide programmes. 

Treatment 
Number 

Timing, Growth Stage (GS), application date of fungicide treatments (L/ha) 

Screenings 
(%) 

TSW 
(g) 

Specific 
Weight 
(kg/hL) 

Protein 
(%) T0 

GS 30-31 
(13.10.20) 

T1 
GS 32 

(4.11.20) 

Late T1 
GS 33-37 

(19.11.20) 

T2 
GS 39 

(26.11.20) 

Late T2 
GS 45 

(15.12.20) 

T3 
GS 65 

(22.12.20) 

1 Untreated      2.9 49.9 74.5 10.8 

2  Kestrel® (1.0)  Adexar® (1.0) + 
Opus® (0.25) 

  2.7 50.7 74.7 10.3 

3  Kestrel® (1.0)  Adexar® (1.0) + 
Opus® (0.25) 

 Opus® (0.75) + 
Comet® (0.4) 

1.6 50.7 75.3 10.4 

4  Kestrel® (1.0)   Adexar® (1.0) 
+ Opus® (0.25) 

Opus® (0.75) + 
Comet® (0.4) 

3.0 51.0 74.2 10.4 

5   Kestrel® (1.0)  Adexar® (1.0) 
+ Opus® (0.25) 

Opus® (0.75) + 
Comet® (0.4) 

3.1 51.6 75.5 10.3 

6 Opus® (1.0) Kestrel® (1.0)  Adexar® (1.0) + 
Opus® (0.25) 

 Opus® (0.75) + 
Comet® (0.4) 

4.3 51.4 75.5 10.3 

7  QuestarTM (2.0) 
+ Kestrel® (1.0) 

 Adexar® (1.0) + 
Opus® (0.25) 

 Opus® (0.75) + 
Comet® (0.4) 

3.3 48.4 73.9 10.4 

8  Kestrel® (1.0)  QuestarTM (2.0) + 
Kestrel® (1.0) 

 Opus® (0.75) + 
Comet® (0.4) 

1.5 50.5 74.7 10.2 

9  Kestrel® (1.0)  Adexar® (1.25) + 
Opus® (0.15) 

 Opus® (0.75) + 
Comet® (0.4) 

3.2 51.0 75.2 10.5 

10  Kestrel® (1.0)  ElatusTM Plus (0.75) 
+ Opus® (0.75) 

 Opus® (0.75) + 
Comet® (0.4) 

4.0 52.0 75.0 10.8 

11  Kestrel® (1.0)  Revystar® (1.5)  Opus® (0.75) + 
Comet® (0.4) 

3.7 51.5 74.7 10.3 

12  Kestrel® (1.0)  Caley® Iblon® (1.5)  Opus® (0.75) + 
Comet® (0.4) 

2.0 50.5 75.1 10.4 

      Mean 2.9 50.8 74.8 10.4 

      P value 0.05 0.7 0.8 <0.001 

      LSD (p=0.05) 1.7 3.2 1.7 0.8 

      CV (%) - - -  

Note: Adexar® (active ingredient (a.i.) 62.5 g/L fluxapyroxad + 62.5 g/L epoxiconazole, Group 7 and 3 fungicides); Caley® Iblon® (a.i. 50 g/L isoflucpyram and 100 g/L prothioconazole, Group 7 
and 3 fungicides); Comet® (a.i. 250 g/L pyraclostrobin, Group 11 fungicide); ElatusTM Plus (a.i 100 g/L benxovindiflupyr (SolatenolTM), Group 7 fungicide); Kestrel® (a.i.  160 g/L prothioconazole 
and 80 g/L tebuconazole, Group 3 fungicides); Opus® (a.i. 125 g/L epoxiconazole, Group 3 fungicide); QuestarTM (a.i. 50 g/L fenpicoxamid, Group 21 fungicide); Revystar® (a.i.  100 g/L 
mefenitrifluconazole and 50 g/L fluxapyroxad, Group 3 and 7 fungicides). 1LAA by ALB (%), percent leaf area affected by ALB. Disease was assessed on the top three leaves at GS 75-80. 2MoC, 
margin-over-fungicide-cost.



 

 

Appendix 1. Trial Inputs 

Crop History: 2019-20 TBC 

 2018-19 TBC 

   

Sowing date: 26 May 2020  

   

Molluscicides: 26 May 2020 Metarex® 6 kg/ha 

   

Herbicides: 13 June 2020 QuantumTM 0.2 L/ha 

 22 October 2020 VersatilTM 0.5 L/ha 

 26 October 2020 StaraneTM Xtra 0.6 L/ha 

 25 February 2021 Roundup Renew® 2 L/ha 

   

Plant Growth Regulators: 22 October 2020 Cycocel® 750 1.5 L/ha 

  Moddus® Evo 0.15 L/ha 

   

Fertiliser: 25 May 2020 Custom blend base fertiliser 250 kg/ha 

 4 September 2020 Ammonium sulphate 150 kg/ha 

 9 October 2020 Potassium chloride 250 kg/ha 

 12 October 2020 n-RichTM Urea 200 kg/ha 

 4 November 2020 SustaiNTM Green Urea 200 kg/ha 

 26 November 2020 SustaiNTM Green Urea 200 kg/ha 

 

Note: Metarex® (a.i. 50 g/kg metaldehyde, molluscicide); QuantumTM (a.i. 500 g/L diflufenican; Group 12 (F1) 
herbicide); VersatilTM (a.i. 600 g/L clopyralid, Group 4 (O) herbicide); StaraneTM (a.i. 333 g/L fluroxypyr, Group 4 
(O) herbicide), Roundup Renew® (a.i. 360 g/L glyphosate, Group 9 (G) herbicide); ( Cycocel® 750 (a.i. 750 g/L 
chlormequat chloride, plant growth regulator); Moddus® (a.i. 250 g/L trinexapac-ethyl, plant growth regulator) 
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Key points  

• Applying the appropriate fungicide dose is a component of a balanced fungicide mixture, 
which along with alternation and limiting the number of fungicide treatments, is a 
mechanism to reduce selection pressure for fungicide resistance. 

• The appropriate dose is where balance is achieved between disease control, yield, 
maximising economic returns and resistance management. 

• Under trial conditions, the application of at least a 75% label rate of an SDHI (Group 7) 
fungicide applied in a mixture with a 75% label rate of a DMI (Group 3) fungicide was 
identified as the appropriate rate for an SDHI (Group 7). 

• Disease control was more varied and yield and economic returns were lower where DMI 
(Group 3) fungicides were applied as solo treatments, highlighting the importance of 
fungicide mixtures, even when an SDHI (Group 7) is not included. 

• This trial demonstrated that by implementing resistance management strategies, yield and 
economic returns were not compromised. 

• Further trial work is needed to identify appropriate fungicide doses across a range of 
cultivars and seasons to guide fungicide treatment according to need. 

Background 
The economic impact of Septoria tritici blotch (STB) caused by the fungal pathogen Zymoseptoria 
tritici varies from year to year and between cultivars, creating challenges for farmers to control 
disease effectively in a given field in a given season (FAR 2020). Management of STB relies heavily on 
the use of foliar fungicides, particularly demethylase inhibitors (DMI – Group 3 fungicides) and 
succinate dehydrogenase inhibitors (SDHI – Group 7 fungicides), which are considered to have at 
least a moderate risk of resistance development (FRAC 2021 a and b). 

In the UK and Europe, Zt populations have differing degrees of resistance to both DMI (Group 3) and 
SDHI (Group 7) fungicides (AHDB, 2021, Birr et al. 2021, Jørgensen 2021, Blake et al. 2018, Cools and 
Fraaije 2013 and Dooley et al. 2016).  Sensitivity shifts in the New Zealand Zt population have been 
detected in these chemistries (Warren et al. 2021). While New Zealand isolates currently remain 
below the threshold considered to affect field efficacy (Warren et al. 2021), the ongoing threat of 
resistance development means strategies are needed to prolong the effective life of DMI (Group 3) 
and SDHI (Group 7) fungicides. 

The effective life of a fungicide is the time between the introduction of the fungicide onto the 
market for its use on its target pathogen and the moment when effective control is lost under the 
treatment programme due to the build-up of fungicide resistance (van den Berg et al. 2016). 
Prolonging the effective life of a fungicide relies on reducing selection pressure for resistance 
development. The risk of resistance development can be mitigated through strategies based on 
product stewardship, which is the combination of regulatory restrictions, such as not exceeding the 
number of applications on the label, applying products in mixtures (DMI - Group 3 + SDHI -Group 7 + 
multi-site (Group M4) and voluntary good practice in the field, such as not relying on the curative 
activity of a fungicide (FRAC 2021 a and b, Burnett 2019).  



 

 

An integrated pest management (IPM) approach to controlling STB places emphasis on cultivar 
selection, cultural controls and the application of balanced fungicide programmes (FAR 2020, 
Jørgensen et al. 2021, Morgen et al. 2021, Young et al. 2021). Development of a balanced fungicide 
programme involves mixing single or multi-site chemistries with different MoAs, and considers the 
number of applications, alteration of products and appropriate dose rate (Jørgensen et al. 2021), all 
of which are strategies that can delay the development of resistance and prolong the effective life of 
a fungicide (van den Berg et al. 2016, Mikaberidze et al. 2017, Elderfield et al. 2018, Young et al. 
2021). 

Another strategy is to use as little fungicide as necessary to provide effective control, both in terms 
of fungicide dose and the number of applications (Burnett 2019), a strategy which is now common 
place in some countries (Jørgensen et al. 2017). The appropriate dose rate and number of 
applications may look different from season to season, depending on disease pressure, cultivar 
selection and cultural considerations such as sowing date (Young et al. 2021). Evidence suggests that 
high dose rates during the emergence phase of resistance development, which is closely linked to 
the effective life of the fungicide, have been shown to increase selection pressure both under 
modelling and field conditions (Hobbelen et al. 2014, van den Berg et al. 2016, Mikaberidze et al. 
2017, Elderfield et al. 2018, Young et al, 2021). 

Previous FAR fungicide dose rate trials included two applications of an SDHI (Group 7) applied in a 
mixture with a 75% label rate of a DMI (Group 3), one at growth stage (GS) 32 and one at GS 39 (FAR 
2018). This is consistent with international Fungicide Resistance Action Committee (FRAC) 
guidelines, which state a maximum of two Group 7 fungicides should be applied to a crop in any one 
season (FRAC 2021a). However, with the moderate to high risk of resistance development in this 
MoA, if disease pressure and cultivar selection do not require two SDHI (Group 7) applications, using 
an integrated pest management (IPM) approach to apply a single application at the most 
economically important timing (FAR 2020) as part of a balanced programme could slow the rate of 
selection pressure for resistance development and increase the economic life of the at-risk 
fungicide. Thus, the current research was established to provide confidence around appropriate 
fungicide mixtures to steward SDHI (Group 7) and DMI (Group 3) chemistries at this key application 
timing.  

The objectives of this trial were to develop strategies to reduce selection pressure for resistance 
development whilst maintaining profitability and to monitor field efficacy of SDHI (Group 7) and DMI 
(Groups 3) fungicides.  

Methods 
The trial was sown in April 2020 with cultivar (cv.) Oakley, which is susceptible to STB, stripe rust 
(Puccinia striformis) and leaf rust (Puccinia tritici). The trial design was a double resolvable row-
column design with 19 treatments and 4 replicates. There were 4 columns and 19 rows. The trial was 
sprayed as per the management of the paddock, including a targeted stripe rust application of 
Comet® (0.4 L/ha a.i. pyraclostrobin 250 g/L – Group 11 fungicide) at GS 39 in late-October 2020. No 
other fungicides were applied at any growth stage except for the single applications of DMI (Group 
3) or SDHI (Group 7)/DMI (Group 3) mixes at GS 39 (flag leaf fully emerged) (Table 1). Fungicides 
were applied with a backpack type plot boom, powered by an electric pressure pump. Five air 
induction Teejet AIXR 110 015 nozzles were used at 50 cm spacings and 250 kPa to apply water at 
165 L/ha. 

At each assessment timing, ten main representative stems/plot were selected at random. Leaf area 
affected by disease was visually assessed on the three highest leaves showing infection at GS 39 (flag 
leaf fully emerged), GS 55 (ear emergence); GS 65 (anthesis), GS 69 (end of anthesis), GS 75-80 (early 
grain fill/milking) and GS 83-85 (mid-late grain fill – dough).  



 

 

The trial was harvested on 2 February 2021. Yield was adjusted to 14% moisture content. Statistical 
analysis of disease assessments, yield, margin-over-fungicide-cost (MoC) and grain quality was by 
residual maximum likelihood (REML) using Genstat® 19th Edition VSN International Ltd, UK). 

Results and Discussion 
In the 2020-21 season, mixed weather conditions (intermittent rainfall and few relative humidity 
events >85% between GS 30 and GS 59) resulted in low to moderate STB pressure across Mid 
Canterbury. Despite these conditions, use of the STB and rust susceptible cv. Oakley resulted in 
moderate-high disease severity in the crop by the end of anthesis, with the development of a STB: 
leaf rust complex. This complex made post-flowering disease assessments difficult.  

The untreated yield of cv. Oakley was 8.8 t/ha, with a maximum yield response to fungicide of 5.0 
t/ha. Yield was higher and yield response to fungicide was lower than previous FAR fungicide 
programmes trials, where cv. Oakley achieved an untreated yield of 5.2 t/ha under high disease 
pressure conditions and a maximum yield response to fungicide of 8.7 t/ha yield (Drummond 2019). 
FAR fungicide trials using cv. Ignite (moderately resistant) at Methven in 2019-20 had a maximum 
yield response to fungicide of 4.1 t/ha (Drummond 2021). These differences illustrate the impact 
weather/environmental conditions can have on disease pressure and the greater risks associated 
with using a susceptible cultivar (Morgan et al. 2021). Effective cultivar selection can both reduce 
disease risk and increase flexibility in fungicide programme choice and application timing, which 
presents growers with the opportunity to reduce their fungicide inputs in order to maximise margins 
(Morgan et al. 2021, Drummond 2021).  

All GS 39 fungicide programmes significantly reduced STB and leaf rust severity compared to the 
untreated control, and resulted in an economic return on investment. Use of an SDHI (Group 7 
fungicide) in a mixture with a DMI (Group 3 fungicide) at 75% label rate generally produced the 
greatest increase in disease control, yield and economic return ($1839 - $1443) compared to the 
untreated control and solo DMI (Group 3) applications (Table 1).  

The addition of ElatusTM Plus (a.i. benzovindiflupyr, Group 7) to a 75% label rate of Opus® (a.i. 
epoxiconazole - Group 3) increased yield by up to 23%, while use of Vimoy® Iblon® (a coformulation 
of isoflucpyram  - Group 7 and prothioconazole – Group 3) increased yield by up to 16% over 
Proline® (a.i. prothioconazole – Group 3) alone. These increases corresponded to increased 
economic returns of $773 and $763/ha over Opus® and Proline® respectively.  

The appropriate dose is the point where the lowest possible dose provides the required level of 
control, provided that each component of the fungicide mix gives comparable control and where 
margin is maximised (AHDB 2019). Given that application of an appropriate rate of SDHI (Group 7) is 
an effective strategy for reducing selection pressure (Morgan et al. 2021, Young et al. 2021), these 
data suggest the use of SDHI (Group 7) fungicides in a mixture at a dose rate of at least 75% could 
provide both a strong economic return and provide another means of stewarding this chemistry. 
This approach has consistently improved disease control and lifted yields relative to solo DMI (Group 
3) applications (FAR 2020). 

There were no statistical differences in disease control, yield or economic return between ElatusTM 
Plus, Vimoy® Iblon® and Imtrex® and their respective mixing partners, indicating growers could have 
confidence in selecting whichever product best fits their system, and allows for alternation of 
products between seasons, which can delay resistance development (Young et al. 2021).  

Application of a solo DMI (Group 3) also significantly reduced disease severity and increased yield 
and economic returns ($1076 -$744) compared to the untreated control (Table 1). Similar to Young 
et al. (2021), control of STB was variable and yields and economic returns were lower for solo DMI 
(Group 3) treatments compared with using mixtures of DMI (Group 3) and SDHI (Group 7) fungicides, 
especially when a multi-site (Group M4) fungicide was applied. Yields and economic returns for 
Proline® (a.i. prothioconazole) and Opus® (a.i. epoxiconazole) were similar, but there were 



 

 

differences in disease control. Previous FAR data found Proline® provided superior control of STB 
than Opus® (FAR 2018). These data suggest the opposite, which may be a function of current disease 
management programmes, that favour use of prothioconazole. Jørgensen et al. (2018) found the 
efficacy ranking of four DMIs (Group 3) (including prothioconazole and epoxiconazole) varied across 
Europe and that two DMI (Group 3) fungicides applied in a mixture performed better than solo DMI 
(Group 3) applications. Thus, the current trend for “stacking” DMI (Group 3) fungicides should be 
considered as part of a balanced mixture, particularly with the addition of a multi-site (Group M4) 
fungicide, which allows for the introduction of an appropriate rate SDHI (Group 7) at the most 
economically important application timing at GS 39. 

Thousand seed weight (TSW), bulk density (specific weight), screenings and protein were generally 
improved by fungicide treatments (Table 2) suggesting that they protected seed quality and 
improved yields. However, there were few differences in seed quality traits when using different 
fungicide programmes indicating that choice of fungicide programme had no impact on seed quality 
either. 

When managing resistance evolving concurrently in two or mode modes-of-action, Young et al. 
(2021) found resistance selection and the intensity of fungicide treatment that maximised gross 
margin differed substantially with seasonal disease pressure. Both Young et al. (2021) and Morgan et 
al. (2021) recommended application of fungicide mixtures, alternation and limiting the number of 
treatments (of which dose rate is a component). Previous FAR fungicide programme trials have 
shown there is no significant yield advantage from applying two SDHI (Group 7) fungicides in a 
season compared with a single SDHI (Group 7) (FAR 2020). While not standard commercial practice 
to apply a single fungicide application to a crop at GS 39, this trial also demonstrated that the use of 
a single spray timing comprised of a SDHI (Group 7) applied in a mixture with a DMI (Group 3) can 
provide strong economic returns even when no other fungicide applications are made. These 
mixtures would be further aided through the use of a multi-site (Group M4) fungicide. Thus, it may 
be worth considering an IPM approach of using one SDHI (Group 7) application as part of a balanced 
mixture at GS 39 rather than two in autumn sown wheat fungicide programmes in New Zealand.  

Summary 
The objective of this trial was to develop strategies to reduce selection pressure for fungicide 
resistance in SDHI (Group 7) and DMI (Group 3) MoAs. Emphasis was placed on defining the 
appropriate dose rate, which is a component of a balanced fungicide mixture, which itself is part of 
an IPM approach to disease management that also considers cultivar selection and cultural controls. 
Under trial conditions, at least a 75% label rate of an SDHI (Group 7) fungicide was identified as the 
appropriate dose rate applied in a mixture with a 75% label rate of a DMI (Group 3) fungicide. 
Control of STB was variable and yields and economic returns were lower for solo DMI (Group 3) 
treatments compared with using mixtures of SDHI (Group 7) and DMI (Group 3) fungicides. While 
DMI (Group 3) fungicides are an integral part of disease management programmes, they also need 
to be considered as part of a balanced mixture. This trial also demonstrated that even when no 
additional fungicide applications were made, the use of a SDHI (Group 7) applied in a mixture with a 
DMI (Group 3) fungicide at GS 39 at the appropriate rate could still provide strong economic returns.  
 
Application of the appropriate dose rate not only provides balance between disease control, yield 
and economic returns, it also provides a mechanism to reduce selection pressure and steward at-risk 
fungicide MoAs. Future trials will continue to validate appropriate dose rate to understand the 
impacts of total fungicide dose across a range of cultivars and seasons. This will provide growers 
with support to use fungicide treatments according to need. 
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Table 1. Disease severity, yield and margin-over-fungicide cost (MoC) for autumn sown wheat, cv. 
Oakley, under irrigated conditions at Leeston in 2020-21, following application of different fungicide 
programmes at growth stage 39 (T2).  

Treatment 
Number 

Fungicide treatment (L/ha) and 
application date  

LAA1 by 
STB (%) 

LAA1 by 
Leaf Rust 

(%) 

Yield 
(t/ha) 

MoC2 
($/ha) 

 (30.10.2020) 

1 Untreated 50.3 20.9 8.8 0 

2 ElatusTM Plus (0.187) + Opus® (0.75) 18.1 4.5 12.1 1256 

3 ElatusTM Plus (0.375) + Opus® (0.75) 23.6 1.0 12.9 1545 

4 ElatusTM Plus (0.563) + Opus® (0.75) 23.3 3.0 13.2 1650 

5 ElatusTM Plus (0.75) + Opus® (0.75) 18.1 1.0 12.7 1443 

6 Vimoy® Iblon® (0.375) + Proline® (0.6) 25.8 7.5 12.7 1461 

7 Vimoy® Iblon® (0.75) + Proline® (0.6) 14.2 1.0 12.9 1508 

8 Vimoy® Iblon® (1.125) + Proline® (0.6) 13.7 1.0 13.8 1839 

9 Vimoy® Iblon® (1.5) + Proline® (0.6) 15.4 1.0 13.5 1704 

10 Imtrex® (0.31) + Kestrel® (1.0) 22.8 5.0 12.6 1430 

11 Imtrex® (0.62) + Kestrel® (1.0) 16.6 1.0 13.0 1566 

12 Imtrex® (0.94) + Kestrel® (1.0) 14.0 1.0 13.2 1620 

13 Imtrex® (1.25) + Kestrel® (1.0) 16.9 3.0 13.6 1740 

14 Opus® (0.5) 22.4 4.3 11.2 989 

15 Opus® (0.75) 20.0 5.0 10.7 744 

16 Opus® (1.0) 16.9 4.9 11.1 877 

17 Proline® (0.4) 37.9 5.0 10.8 759 

18 Proline® (0.6) 21.4 5.9 11.7 1076 

19 Proline® (0.8) 25.4 5.4 11.3 922 

 Mean 21.9 4.3 12.2 1267 

 P value <0.001 <0.001 <0.001 <0.001 

 LSD (p=0.05) 4.8 2.4 0.6 244 

 CV (%)   3.4  

Note: Yellow indicates the treatments that were amongst those that produced the greatest seed yield and 
2margin-over-fungicide cost (MoC). ElatusTM Plus (a.i. 100 g/L benzovindiflupyr, Group 7 fungicide); Imtrex® (a.i. 
62.5 g/L fluxapyroxad – Group 7 fungicide); Kestrel® (a.i. 160 g/L prothioconazole + 80 g/L tebuconazole, Group 
3 fungicide); Opus® (125 g/L epoxiconazole, Group 3 fungicide) Proline® (a.i. 250 g/L prothioconazole – Group 3 
fungicide); Vimoy® Iblon® (a.i. 50 g/L isoflucpyram – Group 7 fungicide). 1LAA (%) – percent leaf area affected 
by STB and leaf rust. Disease was assessed on the top two leaves at GS 69. Wheat price $390/t (Source: NZX 
Grain & Feed Insight). 

 

 



 

 

Table 2. Grain quality measurements for autumn sown wheat, cv. Oakley, under irrigated conditions 
at Leeston in 2020-21, following application of different fungicide programmes at growth stage (GS) 
39 (T2). 

 
Growth Stage (GS), application date 

and fungicide treatment (L/ha) 
 

 
 

 

Treatment 
Number 

30.10.2020 
GS39 

Screenings 
(%) 

TSW1 
(g) 

Specific Weight 
(kg/hL) 

Protein 
(%) 

1 Untreated 1.2 36.7 64.3 11.1 

2 ElatusTM Plus (0.187) + Opus® (0.75) 1.1 41.0 71.4 10.3 

3 ElatusTM Plus (0.375) + Opus® (0.75) 1.0 42.2 73.9 9.8 

4 ElatusTM Plus (0.563) + Opus® (0.75) 0.9 44.2 73.8 10.0 

5 ElatusTM Plus (0.75) + Opus® (0.75) 0.8 44.7 73.6 10.1 

6 Vimoy® Iblon® (0.375) + Proline® (0.6) 1.1 44.3 73.6 9.8 

7 Vimoy® Iblon® (0.75) + Proline® (0.6) 1.0 42.4 72.8 10.1 

8 Vimoy® Iblon® (1.125) + Proline® (0.6) 0.9 46.6 75.2 9.4 

9 Vimoy® Iblon® (1.5) + Proline® (0.6) 0.8 44.3 73.9 10.0 

10 Imtrex® (0.31) + Kestrel® (1.0) 1.0 42.4 72.8 10.2 

11 Imtrex® (0.62) + Kestrel® (1.0) 1.0 44.2 73.0 10.1 

12 Imtrex® (0.94) + Kestrel® (1.0) 0.8 43.9 73.7 10.0 

13 Imtrex® (1.25) + Kestrel® (1.0) 1.1 45.7 73.7 9.9 

14 Opus® (0.5) 1.0 40.7 70.0 10.5 

15 Opus® (0.75) 0.9 38.6 68.3 10.7 

16 Opus® (1.0) 1.0 39.5 69.1 10.4 

17 Proline® (0.4) 1.0 38.2 68.9 10.5 

18 Proline® (0.6) 0.9 42.2 70.6 9.7 

19 Proline® (0.8) 1.0 38.9 70.2 10.5 

 Mean 1.0 42.1 71.7 10.1 

 P value 0.08 <0.001 <0.001 0.004 

 LSD (p=0.05) 0.2 3.4 2.4 0.7 

 CV (%) 18.4 5.6 2.3 5.0 

Note: ElatusTM Plus (a.i. 100 g/L benzovindiflupyr, Group 7 fungicide); Imtrex® (a.i. 62.5 g/L fluxapyroxad – 
Group 7 fungicide); Kestrel® (a.i. 160 g/L prothioconazole + 80 g/L tebuconazole, Group 3 fungicide); Opus® 
(125 g/L epoxiconazole, Group 3 fungicide) Proline® (a.i.. 250 g/L prothioconazole – Group 3 fungicide); Vimoy® 
Iblon® (a.i. 50 g/L isoflucpyram – Group 7 fungicide). 1TSW (g) – thousand seed weight. 

 

 

 



 

 

Fungicide sensitivity of Ramularia field isolates from barley grown in the 2018-19 season 
Project code C18-26  

Duration  Year 2 of 3 

Authors Soonie Chng, Shirley Thompson, Ruth Butler, Monika Joshi (New Zealand Institute for 
Plant & Food Research), Jo Drummond (FAR)  

Location  Barley growing regions  

Funding Ministry for Primary Industries Sustainable Farming Fund project 405632, FAR, Bayer, 
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Key points  

• An effective fungicide resistance management strategy is informed by monitoring of 
pathogen populations for potential shifts in sensitivity to chemistries used for their control. 

• In the 2018-19 season, Ramularia collo-cygni isolates were collected from barley crops in 
New Zealand and tested in the laboratory for sensitivity to a range of fungicides. 

• All isolates tested showed insensitivity to the succinate dehydrogenase inhibitors (SDHIs, 
Group 7) consistent with loss of efficacy in the paddock. 

• R. collo-cygni also showed an ongoing shift in insensitivity to the demethylation inhibitors 
(DMIs) (Group 3 fungicides), which is likely to lead to loss of field efficacy in the near future. 

• Declining efficacy of the SDHIs and DMIs means other strategies such as the use of biologicals 
might be needed for future management of RLS. 

Background 
An effective fungicide resistance management strategy is informed by monitoring of pathogen 
populations for potential shifts in sensitivity to chemistries used for their control. 

Ramularia leaf spot (RLS) is caused by the pathogen Ramularia collo-cygni. Fungicides are used as the 
primary means of controlling RLS, but a decline in fungicide efficacy has been documented in Europe 
(Havis et al. 2015) and New Zealand’s Ramularia population has reduced sensitivity to several 
fungicide mode-of-action groups that have been used commercially to control the pathogen. In 
particular, reduced sensitivity to the quinone outside inhibitors (QoIs) (strobilurins, Group 11) and 
succinate dehydrogenase inhibitors (SDHIs) (Group 7 fungicides) has been shown, and questions have 
been raised around the efficacy of demethylation inhibitors (DMIs) (Group 3 fungicides) (FAR 2020).  

This report describes the current status of fungicide sensitivity in New Zealand’s R. collo-cygni 
population. Specifically, it provides the results of laboratory testing of R. collo-cygni isolates collected 
from barley crops during Year 2 (the 2018-19 season) of the project for sensitivity to a range of 
fungicides including commonly used SDHIs and DMIs.  

Methods 
One hundred R. collo-cygni isolates were collected from sites throughout the main barley growing 
regions of New Zealand during the 2018-19 season. Isolates were obtained as single-spores from 
plant samples and then screened for fungicide sensitivity using microplate assays in the laboratory. 
Microplate assays were performed using bixafen, fluxapyroxad and isopyrazam, three SDHI 
fungicides; prothioconazole and tebuconazole, two DMI fungicides; and folpet, a multi-site Group M4 
fungicide. The concentrations used in the assays ranged from 0 – 20 parts per million (ppm) for 
bixafen, fluxapyroxad, isopyrazam and folpet and 0 – 10 ppm for prothioconazole and tebuconazole. 
Four reference isolates were used, including two New Zealand isolates with known sdhC mutations 
(C-H146R and C-H153R) and reduced sensitivity to SDHIs, as well as a known susceptible reference 
isolate. 

In each microplate well assay, the effective concentration to reduce the growth of each isolate by 
half (defined as the EC50) was determined for each active ingredient by exposing the fungus to 
different amounts of fungicide. An active ingredient was considered to show reduced sensitivity 



 

 

when the EC50 value was greater than 1 ppm. Each isolate was tested across a minimum of three 
plate replicates to obtain the mean.  

Results and Discussion 
In 2018-19 (Year 2 of the survey), 100% of the R. collo-cygni field isolates collected were insensitive 
to the SDHIs tested (Table 1). The mean EC50 values for each isolate (excluding the reference isolates) 
were 12.830, 11,027 and 12.837 ppm for bixafen, isopyrazam and fluxapyroxad, respectively. 
Fungicide sensitivity testing of R. collo-cygni field isolates collected in 2017-18 (Year 1) found 96% 
had EC50 values greater than 1 ppm, indicating these strains were no longer sensitive to Group 7 
fungicides (Warren et al. 2020). The mean EC50 values reported for in 2017-18 were 5.244, 4.173 and 
4.688 for bixafen, isopyrazam and fluxapyroxad, respectively.  

The sdhC gene region of highly insensitive isolates was sequenced. Mutations C-H146R, C-H153R and 
C-N87S were identified. These mutations have previously been identified in R. collo-cygni field 
isolates in New Zealand.  

The mean EC50 values for each isolate (excluding the reference isolates) for the DMI fungicides 
prothioconazole and tebuconazole were 0.748 and 0.735 ppm (Table 1). The EC50 values confirmed 
that R. collo-cygni isolates remain sensitive to these DMIs, although values are approaching the 1 
ppm threshold for reduced sensitivity. This implies sensitivity in the New Zealand continues to 
decline and field efficacy may be impacted. Sensitivity shifts have been detected in R. collo-cygni 
populations overseas (SBI Working Group 2021).  

The mean EC50 value for the multi-site fungicide (Group M4) was 1.354, but this chemistry is only 
ever used as a mixing partner with other active ingredients and is not used to control RLS on its own. 

Consistent with the sensitivity shifts observed in the laboratory, RLS was poorly controlled by solo 
applications of isopyrazam and prothioconazole in a field trial in autumn sown barley at Geraldine, 
Canterbury (Drummond 2021).  

Table 1. Sensitivity of New Zealand Ramularia collo-cygni field isolates collected in 2018-19 (Year 2) 
to three succinate dehydrogenase inhibitors (Group 7 fungicides), two demethylation inhibitors 
(Group 3 fungicides) and a multi-site (Group M4 fungicide). 

Sensitivity 

Status 

EC50* for fungicide mode-of-action and active ingredient 

SDHI (Group 7) DMI (Group 3) 
Multi-site 

(Group M4) 

Bixafen 

(n=100) 

Isopyrazam 

(n=100 

Fluxapyroxad 

(n=99) 

Prothioconazole 

(n=100) 

Tebuconazole 

(n=100) 

Folpet 

(n=99) 

Minimum EC50 0.115 1.160 0.499 0.099 0.184 0.558 

Maximum EC50 20 20 20 1.930 1.768 5.228 

Mean EC50 12.830 11.027 12.837 0.748 0.735 1.841 

Sensitive sdhC 
reference isolate 

0.024 0.055 0.071 0.294 0.403 1.354 

*Sensitivity to fungicides is determined by the effective concentration of a chemistry to reduce the growth of each isolate 
by half, defined as the EC50 value (parts per million – ppm). An active ingredient is considered to show a reduced sensitivity 
profile when the EC50 value is greater than 1 ppm. n, is the number of isolates tested.  

Summary 
Laboratory testing of 100 R. collo-cygni isolates collected from barley seed samples throughout New 
Zealand in 2018-19 confirmed that the R. collo-cygni population is now insensitive to SDHIs.  
Insensitivity to SDHIs is associated with mutations in the sdhC gene known to cause reduced 
sensitivity to Group 7 fungicides. Widespread insensitivity to Group 7 fungicides appears to be 
reducing efficacy in the field, requiring alternative strategies for the management of RLS.  



 

 

DMIs are also becoming less effective in managing RLS, probably because of increased insensitivity to 
this mode-of action. This further threatens the number of fungicides available to support 
management of RLS, and means that the future focus of research will be on identifying appropriate 
fungicide programmes for both autumn and spring barley that use mixes with different modes of 
action. Altering timing of application and dose rates and including other strategies such as the use of 
biologicals might also be needed.   
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Key points  

• A survey of barley seed produced across New Zealand was undertaken in 2018-19 to test for 
seed-borne inoculum of the pathogen Ramularia collo-cygni. 

• All 27 barley seed samples supplied by growers tested positive for R. collo-cygni using 
molecular diagnostics, regardless of crop location, cultivar, sowing date, irrigation, fungicide 
programme or disease severity/incidence. 

• No R. collo-cygni was detected in historical samples. This may be because of the recent 
emergence of R. collo-cygni in New Zealand or because the pathogen does not survive for 
long periods under storage. 

• Widespread inoculum of R. collo-cygni on barley seed adds pressure to current fungicide 
programmes by increasing the source and amount of the pathogen in the crop. 

Background 
Ramularia collo-cygni causes Ramularia leaf spot (RLS) in barley. Recent FAR fungicide trials in 
autumn sown and spring sown barley reported yield losses of up to 23% (Drummond 2021). Research 
in New Zealand and overseas has shown that seed can act as a source of the pathogen, which can 
subsequently proliferate in the crop and produce RLS symptoms later in the season (Havis et al. 2015, 
Hoheneder 2021).  

As part of an SFF project: Managing the threat of Ramularia in barley crops, seed from autumn and 
spring sown barley crops was surveyed for R. collo-cygni to assess the prevalence of seed-borne 
inoculum of this pathogen. The survey had two objectives: 1. to determine how widespread seed-
borne inoculum of R. collo-cygni is in New Zealand; 2. to understand the pathogen persistence in 
subsequent generations of the crop regardless of whether or not RLS symptoms were seen in the 
field. This report provides data on the testing of barley collected in Year 2 (the 2018-19 season) of 
the study to address Objective 1. 

Methods 
Barley growers from across New Zealand provided 27 samples of grain harvested in the 2018-19 
season along with information on the cultivar, sowing date, harvest date, and fungicide programme 
used to produce the crop. They also noted whether RLS symptoms were observed in the crop, its 
severity and the seed yield.  

Seeds were also obtained from six historical barley seed samples dating from 1961 and 1970, which 
were subsequently stored in the New Zealand Institute for Plant & Food Research seedbank, giving a 
total of 33 samples. The seed was from a range of cultivars that are no longer commercially available.  

Total DNA was extracted from each seed sample, and a molecular diagnostic technique known as 
quantitative Polymerase Chain Reaction (qPCR) was used to specifically test for the presence of R. 
collo-cygni DNA. Further details can be provided upon request.  

  



 

 

Results and Discussion 
R. collo-cygni DNA was detected by molecular testing in all samples of barley seed collected in Year 2 
(Figure 1). In some cases, only very small quantities of R. collo-cygni DNA were detected (> 10 pg 
DNA/100 mg seed), however anything above 5 pg DNA/100 mg seed is considered to represent a 
high risk for RLS (Soonie Chng pers. comm.). Seed samples tested positive regardless of location, 
sowing date, irrigation, fungicide programme or disease incidence (data not shown).  

The detection of R. collo-cygni DNA on all of the Year 2 samples suggests that seed-borne pathogen 
inoculum is widespread in current barley crops. The widespread presence of this R. collo-cygni on 
barley seed adds pressure to current fungicide programmes by increasing the source and amount of 
the pathogen in the crop. Current programmes are already at risk of losing efficacy because of the 
emergence of R. collo-cygni populations that are no longer sensitive to key chemical groups (FAR 
2020, Warren et al. 2020). 

None of the six historical samples tested positive for R. collo-cygni DNA. This may have been because 
RLS was not prevalent in the past or because the fungus is unable to survive for long periods on seed 
or under the storage conditions in the seedbank, resulting in degradation of pathogen DNA and a 
negative result.  

 

Figure 1. Dot histograms of estimated Rcc DNA presence (pg/100 mg seed) from grain samples of 
different cultivars collected in Year 2 (black circles) and from historic seed samples collected in 1961 
and 1970 (red circles). Each dot represents the mean of triplicate qPCR tests for each historical and 
grower sample. Green bars are at the mean for each cultivar. 

Summary 
R. collo-cygni DNA was found on all 27 barley seed samples collected from farms across New Zealand 
during the Year 2 survey. This indicates that R. collo-cygni is now ubiquitous in New Zealand barley 
crops and that seed-borne inoculum may be important in the epidemiology of RLS. Future RLS 
management strategies, in particular fungicide programmes, should consider seed-borne inoculum to 
ensure more robust management of this pathogen. Research in this project will also focus on 
understanding persistence of the pathogen in subsequent generations of a crop infected with seed-
borne inoculum to support better management. 
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Key points  

• Ramularia leaf spot (RLS) and leaf rust are the two diseases primarily responsible for yield 
loss in spring barley in New Zealand.  

• At Chertsey in 2020-21, RLS failed to develop in the dryland and irrigated barley fungicide 
trials targeted at RLS whereas leaf rust symptoms were evident.   

• Grain yield of cultivar Laureate in untreated crops was on average 7.2 t/ha under dryland 
conditions and 7.9 t/ha when irrigated. The majority of fungicide treatments reduced leaf 
rust severity and increased yield under both dryland and irrigated conditions; grain yield in 
crops where fungicides were applied averaged 8.4 t/ha under dryland and 10.2 t/ha when 
irrigated.  

• These data suggest that leaf rust was the primary cause of yield loss in the trials and could be 
controlled by most of the fungicide programmes tested.   

• Application of a fungicide programme almost always improved profitability, with a margin-
over-cost of between $911 and 1109 for the best performing programmes under irrigation.  

• Under dryland conditions, fungicide application did not significantly increase profitability, 
despite a disease reduction and increased yield.  

 
Background 
Ramularia leaf spot (RLS) (caused by Ramularia collo-cygni) and leaf rust (caused by Puccinia hordei) 
are the two diseases primarily responsible for yield loss in spring barley in New Zealand. RLS alone 
results in average annual yield losses of 5-10% in both autumn and spring sown barley crops in New 
Zealand, with up to 30% reported in some seasons (Drummond 2020).  

Management of RLS is primarily focused on the use of fungicides. However, declining fungicide 
efficacy has been documented in Europe (Havis et al. 2015, Hoheneder 2021) and New Zealand 
arable growers have increasingly experienced difficulties in controlling RLS probably because R. collo-
cygni populations increasingly show insensitivity to commonly used fungicide mode of action (MoA) 
groups such as quinone outside inhibitors (QoI) (strobilurins, Group 11), demethylase inhibitors 
(DMIs) (triazole, Group 3) and succinate dehydrogenase inhibitors (SDHIs) (Group 7) (FAR 2020). This 
increased insensitivity is further exacerbated by the lack of a feasible integrated pest management 
approach for control of RLS, as a result of little tolerance or resistance in commercial cultivars. Other 
practices such as cultivation technique or disease monitoring have not provided sufficient control 
either (Hoheneder 2021).  

The objectives of this trial were to: 1. investigate the most effective fungicide programmes for the 
control of RLS in spring barley crops in New Zealand; 2. independently evaluate the efficacy of a 
number of new candidate fungicides such as Revystar® (a.i. fluxapyroxad and mefenitrifluconazole, 
Group 7 and 3 fungicides) and Caley® Iblon® (a.i. isoflucpyram and prothioconazole, Group 7 and 3 
fungicides); and 3. establish their economic viability.  

 

 



 

 

Methods 
The trial was established using spring barley cv. Laureate at FAR’s Chertsey Arable Research Site, Mid 
Canterbury. The trial was sown on 28 August 2020 in 2 separate columns, one under dryland 
conditions and the other under irrigation with a 50 m lateral irrigator. The trial had 19 treatments 
and 4 replicates in a randomised complete block design. All treatments in the trial had the same 
management (Appendix 1), including an application of Acanto® (a.i. picoxystrobin, Group 11 
fungicide) at growth stage (GS) 30 to prevent leaf rust Puccinia hordei (Table 1).  

At each disease assessment, 10 main stems/plot were selected at random. Leaf area affected (LAA) 
and leaf rust and RLS were visually assessed on the three highest leaves showing infection (James 
1971). Green leaf area was assessed from the 10 main stems/plot at the last score timing. The trial 
was harvested on 12 February 2021 using a Sampo® small plot combine. Yield was adjusted to 14% 
moisture content. Statistical analyses of disease assessments, yield, grain quality and margin-over 
fungicide-cost (MoC) were by general ANOVA using Genstat® 19th Edition (VSN International Ltd, UK).  

Results and Discussion 
In 2020-21, rainfall was mostly below average, with the exceptions of June and November, with near 
average temperatures and average solar radiation through grain fill. Green leaf area was retained 
until after grain fill, thus RLS did not develop until crop senescence, when traces of disease were 
observed in both dryland and irrigated trials. R. collo-cygni has a long endophytic phase and causes 
disease symptoms under specific circumstances (McGrann et al. 2020). Development of disease 
symptoms is often associated with the end of the growing season, usually after flowering (McGrann 
and Brown 2018). It is possible that that R. collo-cygni triggers premature senescence in the plant 
(Sjökvist et al. 2019) and hence trial conditions were not conducive to the development of disease 
symptoms.  

The barley crop yielded 8.3 t/ha and 10.1 t/ha in the dryland and irrigated trials, respectively (Tables 
1 and 2). Despite low RLS pressure, a yield response to fungicide was observed, with the untreated 
crop yielding 1.2 t/ha less than the highest yielding fungicide-treated crop under dryland conditions 
and 2.3 t/ha less under irrigation. This was likely because of leaf rust, with moderate leaf rust disease 
detected on the top two leaves in the untreated plots in the irrigated trial, while traces also 
developed in the dryland trial (Tables 1 and 2).  

Almost all fungicide treatments resulted in a reduction in leaf rust severity when compared to the 
untreated control. Phoenix® (a.i. folpet, Group M4 fungicide), which does not have a label claim for 
leaf rust, was the major exception howing little or no control of leaf rust. Grain yield was improved 
by fungicide programmes where leaf rust was controlled in the irrigated trial (p>0.001) and to a 
lesser extent in the dryland trial (p=0.02).  

There were few significant differences between fungicide programmes, with the highest yields 
(p>0.001) achieved where fungicide applications were applied at both growth stage (GS) 32 (second 
node on the main stem) and at GS 49 (tip awn emergence) or at GS 32 and GS 59 (ear fully emerged) 
under irrigated conditions. These data suggested that delaying the second fungicide from GS 49 to GS 
59 was effective for rust control. However, such a strategy carries higher risk if conditions are 
conducive to RLS, and often RLS does not develop until after the final fungicide application has been 
applied (AHDB 2019).   

Grain quality was only measured for harvested crops in the irrigated trial (Table 3). Thousand seed 
weight (TSW) and bulk density (specific weight) were lowest for the control treatments, with 
untreated crops having a TSW of 47.8 g and bulk density of 59.8 kg/hL. Screenings were significantly 
higher in untreated crops (6.0 %) when compared with crops treated with a fungicide programme. 
There were few differences in grain quality measurements between fungicide programmes, 
indicating that choice in fungicide programme had little or no effect on grain quality. 

  



 

 

Profitability of the barley crop was almost always increased markedly when grown under irrigation 
and when fungicides were applied, with the margin-over-cost for the best performing programmes 
between $911 - $1109.  None of the fungicide programmes significantly improved crop profitability 
(P=0.2) when grown under dryland conditions, despite a reduction in disease and a related yield 
increase. This is a potential risk, because the delayed onset of symptoms can result in overspend on 
fungicide if the target pathogen fails to develop. 

As in the autumn sown barley trial, FAR continues to monitor the efficacy of individual products 
against RLS by applying solo applications of fungicides in some treatments. However, as only trace 
levels of RLS were observed it was not possible to determine the in-field efficacy of these products in 
this trial. Autumn barley trial results, and results of laboratory assays on Rcc isolates collected from 
barley, are available in a separate report in this booklet (Drummond 2021).  

Summary 
Although RLS was being targeted in the spring sown barley fungicide trials in 2020-21, leaf rust 
appeared to cause the greatest disease and loss of yield. This was consistent with the spring barley 
trials undertaken in the previous two seasons. Yield increases were observed in most crops treated 
with fungicide probably as a result of reducing leaf rust rather than RLS, which only developed to 
trace levels in the irrigated trial at senescence and was not observed in the dryland trial.  

The treatment using the experimental solo application of Phoenix® (a.i. folpet, Group M4 fungicide) 
was one of few treatments with a similar leaf rust severity and yield to the untreated control. 
Phoenix® does not have a label claim for leaf rust but does provide control of RLS. This suggests that 
seasonal crop monitoring for disease pressure and differentiating which diseases are present in the 
paddock would assist in tailoring a fungicide programme to the appropriate disease. However, the 
nature of RLS and how its symptoms develop later in the season means the decision to spray a 
fungicide programme on spring barley needs to be made before symptoms are visible making pre-
emptive fungicide decisions difficult. Recent FAR trials have shown RLS is not as severe in spring sown 
barley crops as in winter sown crops, but there is potential for yield loss if disease risk is ignored. 
Thus, monitoring seasonal weather for disease risk is critical.  

The current practice of two fungicide applications, which can be tailored based on irrigated or 
dryland conditions, still represents the greatest balance between disease control, resistance 
management, yield and economic return. 
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Table 1. Leaf area affected (LAA) by leaf rust, grain yield at 14% moisture and economic margins in dryland spring sown barley cv. Laureate at the FAR Arable Research Site 
in Chertsey, in the 2020-21 season, following different fungicide treatments. 

Trt No. 

Growth Stage (GS), application date and fungicide treatment (L/ha) 
LAA1 by 
Rust (%) 

Yield 
(t/ha) 

MoC2 
($/ha)  GS 30-31 

(29.10.20) 
GS 32 

(10.11.20) 
GS 49 

(19.11.20) 
GS 59 

(26.11.20) 

1 

Acanto® 
(0.25) 

Nil Nil Nil 3.1 7.2 0 

2 Proline® (0.4) Proline® (0.4)  0.3 7.7 103 

3 Seguris Flexi® (0.6)  Seguris Flexi® (0.6)   0.7 8.5 411 

4   Phoenix® (1.5) *  5.1 7.3 -75 

5 Proline® (0.4) + Seguris Flexi® (0.6)  Proline® (0.4) + Seguris Flexi® (0.6)   0.4 8.4 266 

6 Proline® (0.4) + Phoenix® (1.5) Proline® (0.4) + Phoenix® (1.5)  0.3 7.9 120 

7 Proline® (0.4) + Seguris Flexi® (0.6) + Phoenix® (1.5) Proline® (0.4) + Seguris Flexi® (0.6) + Phoenix® (1.5)  0.3 8.4 211 

8  Proline® (0.4) + Seguris Flexi® (0.6) + Phoenix® (1.5)  0.3 8.0 184 

9 Proline® (0.4) + Acanto® (0.25) + Phoenix® (1.5) Proline® (0.4) + Seguris Flexi® (0.6) + Phoenix® (1.5)  0.2 9.1 535 

10 Proline® (0.4) + Acanto® (0.25) + Phoenix® (1.5)   0.3 8.4 389 

11 Proline® (0.4) + Acanto® (0.25) + Phoenix® (1.5)  Proline® (0.2) + 
Seguris Flexi® (0.3) 

0.3 8.7 464 

12 Proline® (0.4) + Acanto® (0.25)  Proline® (0.2) + 
Seguris Flexi® (0.3) 
+ Phoenix® (1.5) 

0.3 8.2 231 

13 Proline® (0.2) + Acanto® (0.25) + Phoenix® (1.5) Proline® (0.4) + Seguris Flexi® (0.6) + Phoenix® (1.5)  0.1 8.5 305 

14 Proline® (0.4) + Seguris Flexi® (0.6) + Phoenix® (1.5)   0.2 7.9 151 

15 Proline® (0.2) + Seguris Flexi® (0.3) Proline® (0.2) + Seguris Flexi® (0.3)  0.2 8.8 553 

16 Proline® (0.2) + Seguris Flexi® (0.3) + Phoenix® (1.5) Proline® (0.2) + Seguris Flexi® (0.3) + Phoenix® (1.5)  0.4 9.3 680 

17 Revystar® (1.5) Revystar® (1.5)  0.4 8.9 412 

18 Caley® Iblon® (1.5) Caley® Iblon® (1.5)  0.2 9.1 499 
    

Mean 0.7 8.4 302 
    

P value <0.001 0.02 0.201 
    

LSD (p=0.05) 2.8 1.2  

    CV (%)  9.9  

Note: Yellow indicates the treatment was amongst the treatments with the greatest seed yield and/or MoC (p<0.05). *Experimental only treatment. Acanto® (a.i. 250 g/L picoxystrobin, Group 11 fungicide); 
Phoenix® (a.i. 500 g/L Folpet, Group M4 fungicide); Bravo® Weatherstik® (a.i. 720 g/L chlorothalonil, Group M5 fungicide);  Proline® (a.i. 250 g/L prothioconazole, Group 3 fungicide); Seguris® Flexi (a.i. 125 g/L 
isopyrazam, Group 7 fungicide), Revystar® (a.i. 100 g/L mefentrifluconazole and 50 g/L fluxapyroxad, Group 3 and 7 fungicide) and Caley Iblon® (a.i. 50 g/L isoflucypram and 100 g/L prothioconazole, Group 3 and 
7 fungicide). 1LAA (%), percent leaf area affected by leaf rust. 2MoC, margin-over-fungicide cost. Grain price calculated at $430/t (Source: Ruralco grain report). 



 

 

Table 2. Leaf area affected (LAA) by leaf rust, green leaf area (GLA), grain yield at 14% moisture and economic margins in irrigated spring sown barley cv. Laureate at the 
FAR Arable Research Site in Chertsey, in the 2020-21 season, following different fungicide treatments. 

Trt 
No. 

Growth Stage (GS), application date and fungicide treatment (L/ha) 
LAA1 by Rust 

(%) 
GLA2 
(%) 

Yield 
(t/ha) 

MoC3 
($/ha)  

GS 30-31 
(29.10.20) 

GS 32 
(10.11.20) 

GS 49 
(19.11.20) 

GS 59 
(26.11.20) 

1 

Acanto® 
0.25 L 

Nil Nil Nil 33.9 0 7.9 0 

2 Proline® (0.4) Proline® (0.4)  2.9 20 10.3 957 

3 Seguris Flexi® (0.6)  Seguris Flexi® (0.6)   5.4 15 10.3 914 
4 Phoenix® (1.5)* Phoenix® (1.5)*  26.5 1 8.5 204 

5 Proline® (0.4) + Seguris Flexi® (0.6)  Proline® (0.4) + Seguris Flexi® (0.6)   2.2 27 10.6 999 

6 Proline® (0.4) + Phoenix® (1.5) Proline® (0.4) + Phoenix® (1.5)  1.9 21 10.4 924 

7 Proline® (0.4) + Seguris Flexi® (0.6) + Phoenix® (1.5) Proline® (0.4) + Seguris Flexi® (0.6) + Phoenix® (1.5)  1.2 37 10.7 986 

8  Proline® (0.4) + Seguris Flexi® (0.6) + Phoenix® (1.5)  2.0 29 10.4 975 

9 Proline® (0.4) + Acanto® (0.25) + Phoenix® (1.5) Proline® (0.4) + Seguris Flexi® (0.6) + Phoenix® (1.5)  0.7 24 10.8 1027 

10 Proline® (0.4) + Acanto® (0.25) + Phoenix® (1.5)   5.0 14 9.7 696 

11 Proline® (0.4) + Acanto® (0.25) + Phoenix® (1.5)  Proline® (0.2) + 
Seguris Flexi® (0.3) 

1.0 20 10.3 911 

12 Proline® (0.4) + Acanto® (0.25)  Proline® (0.2) + 
Seguris Flexi® (0.3) + 
Phoenix® (1.5) 

1.2 33 10.8 1109 

13 Proline® (0.2) + Acanto® (0.25) + Phoenix® (1.5) Proline® (0.4) + Seguris Flexi® (0.6) + Phoenix® (1.5)  0.5 40 10.5 929 

14 Proline® (0.4) + Seguris Flexi® (0.6) + Phoenix® (1.5)   3.6 7 9.9 746 

15 Proline® (0.2) + Seguris Flexi® (0.3) Proline® (0.2) + Seguris Flexi® (0.3)  2.7 24 9.8 749 

16 Proline® (0.2) + Seguris Flexi® (0.3) + Phoenix® (1.5) Proline® (0.2) + Seguris Flexi® (0.3) + Phoenix® (1.5)  1.9 26 10.4 918 

17 Revystar® (1.5) Revystar® (1.5)  1.6 28 10.2 702 

18 Caley® Iblon® (1.5) Caley® Iblon® (1.5)  1.5 32 10.4 828 
    

Mean 5.3 22.1 10.2 796 
    

P value <0.001 <0.001 <0.001 <0.001 
    

LSD (p=0.05) 6.9 13 0.59 256 

    CV (%)   4.2  

Note: Yellow indicates the treatment was amongst the treatments with the greatest seed yield and/or MoC (p<0.05). *Experimental only treatment. 
Acanto® (a.i. 250 g/L picoxystrobin, Group 11 fungicide); Phoenix® (a.i. 500 g/L Folpet, Group M4 fungicide); Bravo® (a.i. 720 g/L chlorothalonil, Group M5 fungicide); Proline® (a.i. 250 g/L prothioconazole, Group 
3 fungicide); Seguris® Flexi (a.i. 125 g/L isopyrazam, Group 7 fungicide), Revystar® (a.i. 100 g/L mefentrifluconazole and 50 g/L fluxapyroxad, Group 3 and 7 fungicide) and Caley Iblon® (a.i. 50 g/L isoflucypram 
and 100 g/L prothioconazole, Group 3 and 7 fungicide). 1LAA (%), percent leaf area affected by leaf rust. 2GLA (%), percent green leaf area. 3MoC, margin-over-fungicde-cost. Grain price calculated at $430/t 
source: Ruralco grain report. 
 



 

 

Table 3. Grain quality measurements for irrigated spring sown barley cv. Laureate at the FAR Arable Research Site in Chertsey, in 2020-21 season, following application of 
different fungicide programmes. 

Trt 

No. 

Growth Stage (GS), application date and fungicide treatment (L/ha) 
Screenings 

(%) 

TSW  

(g) 

Specific 

weight 

(kg/hL) 

GS 30-31 

(29.10.20) 

GS 32 

(10.11.20) 

GS 49 

(19.11.20) 

GS 59 

(26.11.20) 

1 

Acanto® 

0.25 L 

Nil Nil Nil 6.0 47.8 59.8 

2 Proline® (0.4) Proline® (0.4)  2.9 52.0 63.8 

3 Seguris Flexi® (0.6)  Seguris Flexi® (0.6)   2.8 50.1 63.7 

4 Phoenix® (1.5)* Phoenix® (1.5)*  3.8 48.5 60.9 

5 Proline® (0.4) + Seguris Flexi® (0.6)  Proline® (0.4) + Seguris Flexi® (0.6)   2.8 51.2 64.4 

6 Proline® (0.4) + Phoenix® (1.5) Proline® (0.4) + Phoenix® (1.5)  2.7 50.1 64.1 

7 Proline® (0.4) + Seguris Flexi® (0.6) + Phoenix® (1.5) Proline® (0.4) + Seguris Flexi® (0.6) + Phoenix® (1.5)  2.3 51.7 64.2 

8  Proline® (0.4) + Seguris Flexi® (0.6) + Phoenix® (1.5)  2.5 50.6 63.8 

9 Proline® (0.4) + Acanto® (0.25) + Phoenix® (1.5) Proline® (0.4) + Seguris Flexi® (0.6) + Phoenix® (1.5)  2.6 51.8 63.6 

10 Proline® (0.4) + Acanto® (0.25) + Phoenix® (1.5)   4.3 48.3 61.0 

11 Proline® (0.4) + Acanto® (0.25) + Phoenix® (1.5)  Proline® (0.2) + 

Seguris Flexi® (0.3) 

2.9 51.6 63.8 

12 Proline® (0.4) + Acanto® (0.25)  Proline® (0.2) + 

Seguris Flexi® (0.3) 

+ Phoenix® (1.5) 

2.2 51.7 63.9 

13 Proline® (0.2) + Acanto® (0.25) + Phoenix® (1.5) Proline® (0.4) + Seguris Flexi® (0.6) + Phoenix® (1.5)  3.1 51.8 63.6 

14 Proline® (0.4) + Seguris Flexi® (0.6) + Phoenix® (1.5)   3.7 49.6 61.7 

15 Proline® (0.2) + Seguris Flexi® (0.3) Proline® (0.2) + Seguris Flexi® (0.3)  3.4 49.7 60.2 

16 Proline® (0.2) + Seguris Flexi® (0.3) + Phoenix® (1.5) Proline® (0.2) + S.F. 0.3 + Phoenix® (1.5)  3.0 49.8 62.3 

17 Revystar® (1.5) Revystar® (1.5)  2.4 40.9 63.7 

18 Caley® Iblon® (1.5) Caley® Iblon® (1.5)  2.5 51.4 63.7 
    

Mean 3.1 50.4 62.9 
    

P value <0.001 <0.001 <0.001 
    

LSD (p=0.05) 1.0 1.5 1.1 

Note: *Experimental only treatment. Acanto® (a.i. 250 g/L picoxystrobin, Group 11 fungicide); Phoenix® (a.i. 500 g/L Folpet, Group M4 fungicide); Bravo® (a.i. 720 g/L chlorothalonil, Group M5 fungicide); 
Proline® (a.i. 250 g/L prothioconazole, Group 3 fungicide); Seguris® Flexi (a.i. 125 g/L isopyrazam, Group 7 fungicide), Revystar® (a.i. 100 g/L mefentrifluconazole and 50 g/L fluxapyroxad, Group 3 and 7 fungicide) 
and Caley Iblon® (a.i. 50 g/L isoflucypram and 100 g/L prothioconazole, Group 3 and 7 fungicide).  



 

 

Appendix 1: Trial Inputs 

Crop History: 2019-20 Ryegrass  

 2018-19 Ryegrass  

Sowing date: 28 August 2020   

Fertiliser: 24 August 2020 N rich SOA 20.5 kg N/ha 

23 kg S/ha 

 28 September 2020 SustaiN® urea Irrigated: 80 kg N/ha 

Dryland: 60 kg N/ha 

 30 October 2020 SustaiN® urea Irrigated: 43 kg N/ha 

Dryland: 38 kg N/ha 

Herbicides: 24 August 2020 Weedmaster® TS540 + Pulse® 
Penetrant 

3 L/ha 

 13 October 2020 Starane® 0.75 L/ha 

Insecticides: 30 September 2020 TransformTM + ContactTM Xcel 100 mL/ha 

Fungicides: As per treatment list 

Plant Growth 
Regulators: 

Nil   

Irrigation  

(irrigated trial only) 

8 October 2020 30 mm  

 28 October 2020 35 mm  

 4 November 2020 20 mm  

 17 November 2020 20 mm  

 23 November 2020 25 mm  

 8 December 2020 30 mm  

 15 December 2020 20 mm  

 

Note: Weedmaster® TS540 (a.i. 540 g/L glyphosate, Group 9 herbicide), Pulse® Penetrant (a.i. 800 g/L 
organosilicone modified polydimethyl siloxane); Suscon® Green (a.i. 100 g/kg chlorpyriphos, Group 1 
insecticide); Diazinon (a.i. 200 g/kg diazinon, Group 1 insecticide); Transform™ (a.i. 240 g/L sulfoxaflor, Group 
4C insecticide); Contact™ Xcel (a.i. 980 g/L linear alcohol ethoxylate, non-ionic surfactant); Starane™ Xtra (a.i. 
333 g/L fluroxypyr, Group 4 herbicide) 
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Key points 

• In an autumn sown barley crop cultivar (cv.) Surge under moderate disease pressure the 
greatest disease control and highest yields and profits were achieved when fungicides were 
applied at two timings; at GS 31 and then at GS 39 to 49. 

• A third fungicide application at GS 59 increased yield, but was no more profitable than a 
two-spray programme. 

• Delaying the GS 31 fungicide application until GS 32 did not significantly reduce yield 
providing the subsequent application was no later than GS 39. 

• Using a three-way mixture of the demethylase inhibitor (DMI, Group 3 fungicide) Proline® 
(a.i.  prothioconazole) and the multi-site (Group M4 fungicide) Phoenix® with either the 
strobilurin (Group 11 fungicide) Accanto® or the succinate dehydrogenase inhibitor (SDHI, 
Group 7 fungicide) Seguris Flexi® (a.i. isopyrazam) at both application timings reduced 
Ramularia Leaf Spot (RLS) severity and increased yield. Addition of Phoenix® provided a 
sound fungicide resistance management strategy. 

• Two applications of Revystar® (a.i. mefentrifluconazole and fluxapyroxad, Group 3 and 7 
fungicides) provided an equivalent improvement in disease control, yield and profit. 

• Group 7 and 3 fungicides have reduced efficacy in the field, although this depends on 
disease pressure and environmental conditions. 

• Seasonal variation should dictate fungicide programme choice and application timing. 

Background 
Ramularia leaf spot (RLS), caused by the fungus Ramularia collo-cygni results in average annual yield 
losses of 5-10% in both autumn and spring sown barley crops in New Zealand, with up to 30% 
reported in some seasons (Drummond 2020). Control of R. collo-cygni is reliant on the use of 
fungicides. However, recent declines in fungicide efficacy are documented in Europe (Havis et al. 
2015, Hoheneder 2021) and New Zealand’s R. collo-cygni population has reduced sensitivity to 
several fungicide mode-of-action (MoA) groups that have been used commercially to control the 
disease. These include the quinone outside inhibitors (QoIs) (strobilurins, Group 11), succinate 
dehydrogenase inhibitors (SDHIs) (Group 7) (FAR 2020), and to a lesser extent the demethylation 
inhibitors (DMI, Group 3). DMI insensitivity has already been reported in R. collo-cygni populations in 
Scotland and Germany (Havis et al. 2015).  

Reduced sensitivity to a number of fungicides has led to arable growers increasingly experiencing 
difficulties in managing RLS (AHDB 2019). Control of RLS is further exacerbated by the lack of 
integrated disease management strategies, as there is little tolerance or resistance in available 
cultivars, and other practices such as cultivation technique and disease monitoring have not 
guaranteed sufficient control (Hoheneder 2021).  

The objectives of this trial were to: 1. identify effective and economically viable disease management 
programmes for the control of RLS in autumn sown barley crops; 2. independently evaluate several 
new fungicide products; 3. consider implications of disease management programmes on prevention 
and management of fungicide resistance.      



 

 

Methods 
A trial was established in a crop of autumn sown barley, cultivar (cv.) Surge, at Geraldine in South 
Canterbury in 2020-21. This cultivar does not have a rating for RLS. The trial was sown in April 2020, 
with 17 treatments and 4 replicates in a doubly resolvable row-column design, with 2 columns and 
35 rows.  

All treatments in the trial were managed by the grower with the exception of fungicide applications 
(Table 1). Each treatment received an application of Acanto® (0.25 L/ha) (a.i. picoxystrobin, Group 11 
fungicide) at growth stage (GS) 30 to prevent leaf rust caused by Puccinia hordei. Picoxystrobin has 
no activity against RLS.  

The multi-site active Phoenix® (a.i. folpet, Group M4 fungicide), the DMI Proline® (a.i. 
prothioconazole, Group 3 fungicide), the SDHI (Group 7) fungicide Seguris Flexi® (a.i. isopyrazam), 
Revystar® (a.i. fluxapyroxad and mefenitrifluconazole, Group 7 and 3 fungicides) and Vimoy® Iblon® 
(a.i. isoflucpyram) were all tested, a number of them as solo treatments for experimental purposes. 
Commercially, Group 7 and Group M4 fungicides should always be mixed with a fungicide with a 
different mode of action that is effective against the target disease (FRAC 2018 and 2021). 

At each disease assessment, 10 main stems/plot were selected at random. Leaf area affected (LAA) 
by RLS was visually assessed on the 3 highest leaves showing infection (James 1971). The trial was 
harvested on 14 January 2021. Statistical analysis of disease assessments, yield and Margin-over-
Cost (MoC) was by REML analysis using Genstat® 19th Edition (VSN International Ltd, UK). 

Results and Discussion 
In 2020-21, rainfall was low during stem extension but high following head emergence. Under these 
moderate disease pressure conditions, RLS developed in the trial to reach high incidence and 
severity in the crop by the end of grain fill.  

The average yield for plots receiving a RLS fungicide programme was 11.8 t/ha whereas the 
untreated control produced a yield of 9.6 t/ha (Table 1). This equated to an average increase in yield 
of 19% when fungicides were applied, similar to trials in 2018-19 and 2019-20. Given the targeted 
fungicide programmes employed and the moderate disease pressure conditions, this increase in 
yield in the plots treated with fungicide was probably a result of controlling R. collo-cygni. Certainly, 
all fungicide programmes except the experimental solo product only treatments resulted in a 
reduction in RLS severity (Table 1).  

2019-20 results indicated some efficacy could be expected with solo Group 3 (Proline®) or Group 7 
(Seguris Flexi®) applications, but results from the current trial supported previous FAR data 
indicating DMIs and SDHIs have reduced efficacy against RLS in the field (FAR 2020). This is 
consistent with international data (Havis et al. 2015, Hoheneder et al. 2021) and results of 
laboratory fungicide sensitivity assays on R. collo-cygni isolates collected from barley in New Zealand 
(Chng et al. 2021). 

All programmes that reduced RLS significantly increased yield when compared with the untreated 
control (Table 1). However, five treatments were among those producing the highest yield (12.2 to 
12.5 t/ha). These treatments were also among the most profitable and had the lowest incidence of 
RLS (Figure 1).  

Twelve treatments had the greatest MoC (between $592 and $796/ha) (Table 1). Five of these 
treatments included a two-spray programme with an initial application at GS 31 and a second 
fungicide application at GS 49. Among these was a programme that included only the newly 
registered product Revystar®. Mefentrifluconazole, the Group 3 active ingredient in Revystar®, 
differs in structure to existing Group 3 DMI fungicides and has only recently entered the fungicide 
market, so it has not yet experienced the sensitivity shift seen with other DMIs such as 
prothioconazole (Klink et al. 2021).  



 

 

Vimoy® Iblon® applied in a mixture with Proline® was also among the treatments that had the 
greatest return on investment, but RLS was less well controlled than by other treatments. This result 
confirmed the reduced efficacy of Group 3 and 7 modes-of-action observed when screening R. collo-
cygni isolates for sensitivity to these fungicides (Chng et al. 2021) and raises questions as to the long-
term management of this product. Assinger et al. 2021 suggested that resistance to Group 7 
fungicides could develop more quickly than other modes of action.  

The remaining programmes with the greatest financial return included mixtures of Prolinewith the 
multi-site active Phoenix®, and either Acanto® or Seguris Flexi®. Overseas studies have found that in 
addition to greater efficacy against RLS, the rate of selection for resistance could be slowed through 
the addition of the multi-site active chlorothalonil (Group M5 fungicide) (not available for use in 
cereals in New Zealand), although this active ingredient has since been withdrawn in Europe (Kiiker 
et al. 2021). It is not known if this is also true for the addition of the multi-site Group M4 fungicide 
Phoenix®, but FAR trials have consistently shown a reduction in RLS severity when using this 
chemistry in a mix. It is also often associated with an increased yield and return on investment when 
included as part of a three-way mix between Group 3 and Group 7/11 fungicides (FAR 2020). 

Application timing proved to be important for many programmes. In 2019-20, no yield loss was 
observed when the GS 31 application timing was delayed until GS 32, provided this was followed by 
an application at GS 49 (Drummond 2020). Under conditions in 2020-21, the first application could 
be delayed until GS 32, however applications later than GS 39 meant disease was poorly controlled 
and yield was reduced. Economic returns were, however, similar. 

Three-spray programmes were highly profitable, but no more so than a two-spray approach. Thus, 
these data showed that a well-timed, two-spray programme that included Phoenix® represented the 
greatest balance between disease control, yield, economic returns and resistance management. 

Summary 
The 2020-21 autumn barley fungicide programmes trial at Geraldine showed that the greatest 
balance between disease control, yield, economic returns and resistance management were 
achieved with two-spray programmes at GS 31 and GS 39/49 and that these included mixtures of the 
Group 3 DMI fungicide Proline® and the Group M4 fungicide Phoenix® with either a Group 11 
fungicide (i.e. Accanto®) or a Group 7 SDHI fungicide (i.e. Seguris Flexi®). Promising results were also 
achieved with two applications of Revstar®, although the inclusion of a Group M4 fungicide provided 
the basis for a more robust RLS management strategy. This is because this chemistry is at the lowest 
risk of losing efficacy, especially when used in mixtures. It also helps maintain the efficacy of other 
modes-of-action such as the Group 3, 7 and 11 fungicides, which are showing signs of decreased 
efficacy.  

Use of mixtures also provides flexibility. Similar profitability was achieved when applications were 
made at GS 31 followed by GS 39 or 49. This flexibility can be important when managing large 
cropping systems of when weather hinders spray applications. However, 2020-21 conditions showed 
that care should be taken to ensure a GS 39 application if the initial application is delayed until GS 
32. 

Finally, RLS is becoming increasingly difficult to manage in the field and planning fungicide 
programmes often requires forward thinking, as symptoms do not typically appear until long after 
the final fungicide has been applied. Seasonal variation can also prove tricky to predict and indicates 
that monitoring conditions in the field is essential to control the pathogen, maximise profitability 
and to manage the agrichemical footprint of the crop. 
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Table 1. Ramularia leaf spot (RLS), grain yield (at 14% moisture) and economic margins following fungicide treatments on autumn sown barley, cv. 
Surge at Geraldine in 2020-21. 

 Fungicide treatment (L/ha) and growth stage (GS)    

 

GS31 GS32 GS39 GS49 GS59 

% 

LAA 

by 

RLS1 

Yield 

(t/ha) 

MoC2 

($/ha) 

 Nil   Nil  85.1 9.6 * 

Proline® (0.4)   Proline® (0.4)  86.9 10.4 192 

Seguris Flexi® (0.6)*   Seguris Flexi® (0.6)*  84.8 11.2 488 

Phoenix® (1.5)*   Phoenix® (1.5)*  78.5 11.1 493 

Proline® (0.4) + Seguris Flexi® 

(0.6) 

 
 

Proline® (0.4) + Seguris Flexi® 

(0.6) 
 68.3 11.6 555 

Proline® (0.4) + Phoenix® (1.5)   Proline® (0.4) + Phoenix® (1.5)  44.3 11.8 675 

Proline® (0.4) + Seguris Flexi® 

(0.6) + Phoenix® (1.5) 

 
 

Proline® (0.4) + Seguris Flexi® 

(0.6) + Phoenix® (1.5) 
 43.8 11.9 634 

Proline® (0.4) + Seguris Flexi® 

(0.6) + Phoenix® (1.5) 

 Proline® (0.4) + Seguris 

Flexi® (0.6) + Phoenix® 

(1.5) 

  15.5 11.9 592 

Proline® (0.4) + Acanto® (0.25) + 

Phoenix® (1.5) 

 
 

Proline® (0.4) + Seguris Flexi® 

(0.6) + Phoenix® (1.5) 
 62.7 11.8 612 

Proline® (0.4) + Acanto® (0.25) + 

Phoenix® (1.5) 

 Proline® (0.4) + Seguris 

Flexi® (0.6) + Phoenix® 

(1.5) 

  13.6 12.2 759 

Proline® (0.4) + Acanto® (0.25) + 

Phoenix® (1.5) 

 Proline® (0.4) + Seguris 

Flexi® (0.6) + Phoenix® 

(1.5) 

 
Proline® (0.2) + Seguris 

Flexi® (0.3) 
10.2 11.1 665 

 

Proline® (0.4) + 

Acanto® (0.25) + 

Phoenix® (1.5) 

 
Proline® (0.4) + Seguris Flexi® 

(0.6) + Phoenix® (1.5) 
 50.4 11.8 627 

 

Proline® (0.4) + 

Acanto® (0.25) + 

Phoenix® (1.5) 

Proline® (0.4) + Seguris 

Flexi® (0.6) + Phoenix® 

(1.5) 

  18.6 12.3 790 



 

 

 

Proline® (0.4) + 

Acanto® (0.25) + 

Phoenix® (1.5) 

Proline® (0.4) + Seguris 

Flexi® (0.6) + Phoenix® 

(1.5) 

 
Proline® (0.2) + Seguris 

Flexi® (0.3) 
15.8 12.3 740 

Proline® (0.4) + Acanto® (0.25)  

 Proline® (0.4) + Seguris 

Flexi® (0.6) + Phoenix® 

(1.5) 

 

Proline® (0.2) + Seguris 

Flexi® (0.3) + Phoenix® 

(1.5) 

19.8 12.2 698 

Revystar® (1.5)   Revystar® (1.5)  14.9 12.5 796 

Vimoy® Iblon® (1.5) + Proline® 

(0.4)* 

 
 

Vimoy® Iblon® (1.5) + Proline® 

(0.4)* 
 53.2 11.8 614 

    Mean 45.1 11.6 620 

 
 

  P value <0.001 <0.001 
<0.00

1 

    LSD (p=0.05)  0.5 207 

    CV (%)  3.0  

Note: Yellow indicates the treatments that were amongst those that produced the greatest seed yield or Margin-over-Cost (MoC). *Experimental treatment only. Acanto® (a.i. 
picoxystrobin 250 g/L, Group 11 fungicide); Phoenix® (a.i. 500 g/L folpet, Group M4 fungicide); Proline® (a.i. 250 g/L prothioconazole, Group 3 fungicide); Revystar® (a.i. 100 g/L 
mefentrifluconazole and 50 g/L fluxapyroxad, Group 3 and 7 fungicides), Seguris Flexi® (a.i. 125 g/L isopyrazam, Group 7 fungicide), Vimoy® Iblon® (a.i. 50 g/L isoflucpyram, Group 7 
fungicide). 1LAA (%), percent leaf area affected by RLS. 2MoC, margin over fungicide cost. Grain calculated at $390/t source: NZ Grain and Feed Index). 



 

 

 
Figure 1. Disease progression of RLS (% Leaf area affected) following fungicide treatments on autumn sown barley at Geraldine, cv. Surge in 2020-21. Act - Acanto® (a.i. 
picoxystrobin 250 g/L, Group 11 fungicide); Phx - Phoenix® (a.i. 500 g/L folpet, Group M4 fungicide); Pro - Proline® (a.i. 250 g/L prothioconazole, Group 3 fungicide); RS - 
Revystar® (a.i. 100 g/L  mefentrifluconazole and 50 g/L fluxapyroxad, Group 3 and 7 fungicides), SF - Seguris Flexi® (a.i. 125 g/L isopyrazam, Group 7 fungicide), VI - Vimoy® 
Iblon® (a.i. 50 g/L isoflucpyam, Group 7 fungicid
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Key points  

• Speckled leaf blotch was not observed in an autumn sown oat disease management trial at 
Clinton in 2020-21. 

• By grain fill, Alternaria leaf blotch, caused by the pathogen Alternaria infectoria, reached 
high severity in the trial.  

• Fungicide programmes had no impact on severity of Alternaria leaf blotch, crop yield or 
grain quality in the oat cultivar Southern Gold™. 

• Fungicide programmes resulted in reduced profitability, with all having a negative margin-
over-fungicide cost compared to the untreated control. 

• The lack of any economic return from fungicides suggests that Alternaria leaf blotch does 
not substantially affect grain yield or quality. 

Background 
Milling oats are an important crop in South Otago and Southland. They are perceived to need lower 
inputs than other crops and to tolerate a number of foliar diseases that other cereals do not. 
Consistent with this perception, a FAR trial in the 2018-19 season found the highest yield and 
economic return from an oat crop was achieved using a low input fungicide programme when 
speckled leaf blotch was prevalent (Armstrong and Drummond 2020). Speckled leaf blotch is caused 
by the fungal pathogen Phaeosphaeria avenaria (synonym: Septoria avenae). It is a stubble-borne 
disease that favours high rainfall environments and can reduce both yield and quality of grain.  

A subsequent FAR trial to study Speckled leaf blotch in oats in the 2019-20 season, recorded net 
losses on fungicide spend as the only disease visible was Red Leather Leaf (RLL), a minor disease 
caused by the pathogen Spermospora avanea (Armstrong and Drummond 2020). Therefore, the 
objectives of this trial were to continue to independently investigate effective Speckled leaf blotch 
management programmes in autumn sown oats and to evaluate their return on investment.  

Methods 
The trial was sown into a Warepa silt loam on 20 April 2020, using the oat cultivar (cv.) Southern 
Gold™. The trial was designed as a randomised complete block with 8 treatments and 4 replicates 
and included a doubly resolvable row-column design with 16 rows and 2 columns. Inputs were 
applied to the trial as per management of the paddock except for fungicides (Table 1, Appendix 1). 

At each disease assessment, ten representative main stems/plot were selected at random. Leaf area 
affected (LAA) by disease was visually assessed on the three highest leaves showing infection at 
growth stage (GS) 31 (1st node), GS 39 (flag leaf fully emerged), GS 65 (anthesis) and GS 75-80 (early 
grain fill/milking) (James 1971).  

The trial was harvested on 22 February 2021 using a Wintersteiger plot harvester. Yield was adjusted 
to 14% seed moisture content. Economic returns were based on margin-over-fungicide cost (MoC). 



 

 

Statistical analysis of disease assessments and yield was by REML (residual maximum likelihood) 
using Genstat® 19th Edition (VSN International UK Ltd). 

Results and Discussion 
In Southland, conditions during the 2020-21 season were mild but wet through the winter and until 
early stem extension in October. This was followed by dry conditions in late-spring and summer. 
While these conditions led to moderate disease pressure throughout the season, traditional oat 
diseases such as crown rust (caused by Puccinia coronata) and Speckled leaf blotch were not 
observed. At the first disease assessment timing, however, leaf samples were sent to the New 
Zealand Institute for Plant & Food Research for diagnosis and were found to have Alternaria leaf 
blotch (or blight). Alternaria leaf blotch is caused by Alternaria infectoria, which is present in New 
Zealand (Manaaki Whenua – Landcare Research: Databases). Yet, little information is available on 
this pathogen.  

The fungicide programmes were initially selected to evaluate their effectiveness on Speckled leaf 
blotch. Given the absence of Speckled leaf blotch and the detection of Alternaria leaf blotch at high 
severity on the top three leaves by grain fill (GS 75-80), fungicide treatments were assessed for their 
control of this disease and the economic returns from these treatments were compared (Table 1). 
No differences were observed in yield or any quality trait measured in the trial when comparing 
between the untreated control and the fungicide treatments (Table 1). Consequently, there was no 
return on investment, with fungicide spend on a per-plot basis resulting in a cost to production for 
all treatments (Table 1). 

The mean trial yield was 8.5 t/ha, which was similar to the approximately 9 t/ha reported for the 
surrounding paddock. 

Summary 
Despite weather conditions conducive to oat disease, few diseases of note were detected in the 
trial. Furthermore, no significant control of the relatively unknown disease Alternaria leaf blotch, 
which was detected during disease assessments, was observed. As the relatively high severity of the 
disease did not appear to result in a fungicide response, we concluded that this disease has little or 
no impact on the yield or grain quality of oats in Southland. However, growers should continue to 
monitor this pathogen, as its long-term impact has yet to be confirmed. It was also observed in 
wheat on the same property during the season (Drummond 2021). 

As oats grown in Southland continue to show no economic response to fungicides, future research 
will focus on low input and spray free options for growing oat crops in South Otago and Southland.  
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Table 1. Alternaria leaf blotch severity, grain yield, economic returns, and grain quality parameters for autumn sown oat cv. Southern Gold™ at Clinton, 
South Otago in 2020-21, following treatment with different fungicide programmes. 

Treatment 
No. 

Growth Stage (GS), application date and fungicide treatment (L/ha) 

LAA by 
ALB1 (%) 

Yield 
(t/ha) 

MoC2 
($/ha) 

Screenings 
(%) 

TGW3 
(g) 

Specific 
Weight 
(kg/hL) 

GS 30-31 
(13.10.20) 

GS 39 
(19.11.20) 

GS 59 
(22.12.20) 

1 Untreated   72.4 8.6 * 2.7 40.7 51.6 

2  Stellar® (0.25) Stellar® (0.25) 71.8 8.2 -271 3.4 41.8 52.0 

3  Stellar® (0.25) + Amistar® (0.25) Stellar® (0.25) + Amistar® (0.25) 85.7 8.9 -106 3.3 40.0 52.2 

4  Stellar® (0.5) + Amistar® (0.5)  74.6 8.5 -79 2.1 41.5 53.3 

5 Stellar® (0.25) Stellar® (0.25) + Amistar® (0.25) Stellar® (0.25) + Amistar® (0.25) 81.7 8.4 -316 3.1 41.5 52.6 

6  Stellar® (0.25) + Seguris Flexi® (0.3) Stellar® (0.25) + Seguris Flexi® (0.3) 73.1 8.8 -179 3.0 40.7 51.6 

7  Adexar® (0.62) Adexar® (0.62) 80.1 8.6 -274 3.0 41.0 51.6 

8  Stellar® (0.5) + Amistar® (0.5) Stellar® (0.5) + Amistar® (0.5) 70.4 8.7 -92 2.1 41.2 52.2 

   Mean 76.2 8.5 -188 2.8 41.0 52.1 

   P value 0.1 0.2 0.5 0.1 0.7 0.3 

   CV (%)  6.2     

Adexar® (a.i. 62.5 g/L fluxapyroxad and 62.5 g/L epoxiconazole, Group 7 and 3 fungicides); Amistar® (a.i. 250 g/L azoxystrobin, Group 11 fungicide); Seguris Flexi® (a.i. 125 g/L isopyrazam, 
Group 7 fungicide); Stellar® (a.i. 125 g/L epoxiconazole, Group 3 fungicide). 1LAA by ALB (%), % leaf area affected by Alternaria leaf blotch on the top three leaves at GS 75-80. 2MoC, margin 
over fungicide cost. Grain price calculated as $450/t. 3TGW, thousand grain weight. 



 

 

Appendix 1. Trial Inputs 

Sowing date: 20.04.2020  

Herbicides: 21.4.2020 Firebird® 0.5 L/ha (a.i. 200 g/L diflufenican and  
400 g/L flufenacet, Group 12 (F) and 15 (K) herbicides) 

 23.9.2020 Versatill™ Powerflo™ 0.5 L/ha (a.i. clopyralid, Group 4 (O) herbicide) 

 13.10.2020 Starane Xtra™ 0.75 L/ha (a.i. 333 g/L fluroxypyr, Group 4 (O) 
herbicide) 
Granstar® 200 g/ha (a.i. 750 g/kg tribenuron-methyl, Group 2 (B) 
herbicide 

Plant Growth  
Regulators: 

23.9.2020 Moddus® Evo 0.2 L/ha (a.i. 250 g/L trinexapac-ethyl) 
Regulate® 1.2 L/ha (a.i. 720 g/L chlormequat chloride) 

 13.10.2020 Moddus® Evo 0.3 L/ha (a.i. 250 g/L trinexapac-ethyl) 

Fertiliser: 16.08.2020 Ammonium sulphate 150 kg/ha 

 24.08.2020 Potassium chloride 250 kg/ha 

 27.10.2020 N Rich® urea 150 kg/ha 

 11.11.2020 SustaiN® 150 kg/ha 
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Key points 

• In 2020-21, a trial to compare YDV incidence and severity in wheat crops grown from 

untreated seed, or from seed treated with a neonicotinoid (Group 4A insecticide), showed 

no significant differences in yield, thousand seed weight or bulk density between 

treatments. 

• Monitoring of aphids and beneficial insects and local weather conditions in the trial 

identified a potential YDV risk period between GS 21 – 31. 

• Despite this risk period, few visual YDV symptoms were observed post-flowering in the trial 

and no YDV-PAV (the common virulent strain) was detected in randomly collected leaf 

samples following laboratory testing. 

• These data suggest that the threshold for YDV disease expression was likely not reached in 

the trial between GS 21 and GS 31, regardless of seed treatment, possibly because beneficial 

insect populations were managing pest populations. 

Background 

Yellow dwarf disease, caused by Luteoviridae viruses (YDV), can result in yield loss in cereals, and is 
transferred between plants by cereal aphids (Rhopalosiphum padi) and rose grain aphids 
(Metopilophium dirhodum) (FAR 2015). Primary infection with YDV is the result of winged aphids 
flying into the crop in autumn, typically between sowing and GS 21, while secondary infection results 
from the initial aphid invaders and their wingless offspring between GS 21 and GS 31 (van Toor et al. 
2016). A survey of New Zealand cereal crops between 2016-18 showed that YDV was present in 
crops in all regions, but the incidence of yellow dwarf disease was below the threshold to cause 
economic loss (Farrell and Stufkins 1992). Successful management of YDV was likely a result of crop 
management, which included the ubiquitous use of seed treatments as well as up to six foliar 
insecticide sprays each season. 

The main seed treatment insecticides used for protection against YDV-vectoring aphids belong to the 
neonicotinoid group (Group 4A insecticide) and include the active ingredients clothianidin and 
imidacloprid. Neonicotinoid seed treatments provide effective protection of autumn sown wheat 
crops from primary aphid infestation in autumn until plants reach approximately GS 21. At this point, 
the efficacy of the seed treatment wanes and plants remain susceptible to aphid infestation and YDV 
until they reach about GS 31 (in spring). This means that if a neonicotinoid seed treatment has been 
applied, the highest risk period for YDV is from GS 21 to GS 31. Crop monitoring and foliar insecticide 
applications can mitigate risk during this period. Indeed, wheat crops treated with an imidacloprid-
seed treatment plus one insecticide foliar application have been shown to have 96% less virus 
incidence than untreated crops (van Toor et al 2016). If no seed treatment is applied then the risk 
period is extended from emergence to GS 31, depending on other risk factors such as sowing date, 
temperature, accumulated growing degree weeks etc. 
Neonicotinoids have been banned in Europe and are under review in New Zealand, so alternative 

strategies need to be considered as part of future long-term YDV management strategies. The 



 

 

objective of this replicated weigh-bin trial was to compare YDV incidence and yield in wheat crops 

managed using neonicotinoid seed treatment and untreated seed to understand the potential 

impacts of losing access to clothianidin and imidacloprid on YDV control and cereal production in 

New Zealand.  

As part of the study, aphid numbers in the paddock were monitored and growing degree days 

(>5.8°C) were modelled to identify periods of high risk for primary and secondary infestation of the 

crop, respectively. The number of flying (winged) aphids caught in suction traps is strongly 

correlated to virus levels in the surrounding crop (primary infestation), especially when crops are 

sown before mid-May as the autumn period is when aphid flights can correspond with emergence of 

susceptible crops (before temperatures become too low) (Teulon et al. 1999). In the absence of 

suction traps to ascertain the abundance of aerial cereal-inhabiting aphid species, growers can 

observe numbers in the crop as there is a good relationship between aphid flight numbers caught in 

suction traps and aphid crop samples (Teulon et al. 1999).  

Growing degree days (GDD) provide an understanding of the relative length of the generation time 

for a resident aphid population and therefore the likely spread within the crop (secondary 

infestation). The higher the growing degree days, the shorter the generation time and the greater 

the likely population build up in the field. Secondary infestation is the primary risk in crops planted 

after mid-May, relying on suitable weather conditions through winter and spring that allow the 

spread of aphids following limited primary infestation in late autumn (Teulon et al. 1999).  

Methods 

A trial was set up using a randomised complete block design in a wheat (cv. Duchess) crop at 

Pleasant Point, South Canterbury. Seed was either untreated or treated with the Group 4A 

(neonicotinoid) insecticide imidacloprid. Plots were 8m wide and 141m long. No foliar insecticides 

were applied to the trial or surrounding crop for the duration of the trial.  

Aphid activity and numbers of beneficial insects were monitored by a combination of direct 

searching, sweep netting and sticky traps to understand aphid pressure in the crop (FAR 2021). 

Degree weeks were also calculated to identify aphid risk periods in the crop by summing the average 

hourly temperatures that were at or above the minimum temperature threshold for aphid growth, 

for a given week. 

Visual assessment of YDV incidence (yellow/red discolouration, plant stunting) was carried out post-

flowering (Horrocks et al. 2010). Leaf samples were also collected randomly and analysed by ELISA 

(Enzyme Linked Immunosorbent Assay) for YDV-PAV (the most common virulent strain) at Plant 

Diagnostics Ltd, Templeton. 

The trial was harvested on February 6th, 2021 using a commercial harvester and a weigh wagon, 
when seed moisture content was between 14 and 15%. A 1 kg sample of grain from each plot was 
retained for quality testing. 
Statistical analysis was by general analysis of variance (ANOVA), using Genstat® 19th edition (VSN 
International Ltd, UK). 

Results and Discussion 

In the 2020-21 trial, temperatures were near normal and the crop reached GS 21 at the beginning of 
June and reached GS 31 by the second week in October (Figure 1). This coincided with the start of 
aphid and beneficial species monitoring, therefore it was not possible to determine the aphid and/or 
YDV pressure in the untreated crop during the high-risk period for primary infection prior to GS 21, 
or to identify whether a seed treatment was likely to impact on YDV during this period.  



 

 

An unexpected spike in aphid numbers and a corresponding spike in beneficials was observed 
between GS 21 and GS 31. This aphid population increase meant that the crop was potentially 
exposed to higher aphid/YDV pressure between late June and late July, although differentiation 
between aphid species was not confirmed, so a risk period can only be speculated. 
The risk period for the crop was further informed by modelling the GDD above 5.8°C. GDD were 
relatively low (<300) in the trial during the period between emergence and GS 21 (Figure 1). This 
suggested that the likelihood of secondary infection in the crop without a seed treatment during this 
period was relatively low, although this could not be confirmed as aphids were not monitored during 
this period to confirm this prediction.  
GDD remained low into early June, when seed-treated crops had reached GS 21 and become 
susceptible, until the beginning of September. GDD subsequently increased (exponentially) in the 
four weeks leading up to the crop reaching GS 31, suggesting that this period posed the highest risk 
to the crop from secondary infestation. However, few winged aphids were observed during this 
period, with the spring flight in the area occurring in late October when the crop was past GS 31 and 
far less susceptible to YDV. This suggested that secondary spread may have occurred (wingless 
aphids were not measured) through this risk period, leading to the later flight, but risks from such 
secondary spread were minimal because of the maturity of the crop. The impact of the spring flight 
on subsequent grain fill is unknown.   

 

Figure 1. Degree weeks above 5.8°C and aphid and beneficial insect populations between sowing 

and two weeks post GS 39 for autumn sown milling wheat cv. Duchess sown as bare or insecticide 

treated seed, under dryland conditions at Pleasant Point, 2020-21. 

Visual assessment of YDV symptoms post-flowering (yellow/red discolouration, plant stunting) 

identified low amounts of disease across the crop (Table 1), which was confirmed by ELISA diagnostic 

testing of YDV-PAV (common virulent strain). No significant yield, thousand seed weight or bulk 

density differences were identified when comparing the untreated seed and seed treated with 

imidacloprid (Table 1). This suggests that despite the possible risk of primary infestation between 

emergence and GS 21, resulting YDV was not sufficient to cause a yield loss. This may have been 

because aphid pressure was low and /or aphid flights did not correspond with this susceptible period 

in the crop. The unexpected spike in aphids in mid-winter also failed to impact on the yield and 

quality of the crop. Perhaps this was because the spike was relatively small and/or was controlled by 

the beneficials in the paddock. Often a foliar insecticide is applied as a follow up to a seed treatment 

once autumn flights have finished, with YDV previously shown to be lower in crops treated with a 
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single foliar insecticide and lower still when combined with imidacloprid-treated seed. However, this 

data demonstrates that beneficials may be able to manage the risk caused by late flights of aphids 

and substitute for a foliar insecticide.     

Future work will continue to examine the impacts of not applying a neonicotinoid seed treatment 

and to identify alternative aphid management strategies in cereals. This will include understanding 

foliar applications, especially in the high-risk period between emergence and GS 21 to consider how 

increasing tolerance early in the season may impact on management decisions later in the season. 

We will also investigate whether insect monitoring and degree day modelling can allow growers to 

mitigate risk, based on conditions at the paddock level.  

Summary 

A 2020-2021 trial in autumn-sown wheat found no significant difference in yield or grain quality 
when comparing plots sown with untreated seed and plots sown with seed coated with the Group 
4A insecticide, imidacloprid. Monitoring aphids and beneficial species from GS 21 indicated that 
while YDV pressure based on weather conditions was likely to be low, the use of untreated seed and 
a spike in aphid numbers in early winter indicated a potential risk period between GS 21 and GS 30. 
Unfortunately, aphid flights were not monitored during the key period between emergence and GS 
21 when imidacloprid would have greatest impact, so it is not clear whether the early season was 
conducive to YDV or not. Future trials will continue to look at early season alternative strategies for 
management of aphids in low to high risk seasons with the prospect that use of neonicotinoids may 
be restricted.  
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Table 1. YDV severity, YDV-PAV incidence, yield and quality for autumn sown milling wheat cv. 
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Treatment BYDV 

severity* 

(%) 

BYDV-PAV 

Incidence** 

(%) 

Yield 

(t/ha) 

TSW 

(g) 

Screenings 

>2 mm 

(%) 

Test 

Weight 

(kg/hL) 

Imidacloprid 0.9 0 8.9 38.6 1.8 63.2 

Untreated seed 0.8 0 8.5 38.3 1.5 61.7 

Mean 0.85 0 8.7 38.5 1.7 62.5 

P value   0.1 0.4 0.2 0.3 

LSD (p=0.05)   0.5 1.2 0.6 4.3 

CV (%)   2.5    

Note. Imidacloprid (a.i. imidacloprid 600 g/L, Group 4A insecticide) * Visual assessment of 1m2 quadrats, 

** incidence determined by ELISA (Enzyme Linked Immunosorbent Assay) by Plant Diagnostics Ltd. TSW: 

thousand seed weight.  

 
Appendix 1. Trial Inputs 

 
Crop History: 2019-20  

 2018-19 Wheat 

   

Sowing date: 2 May 2020 
 

 

Cultivar: Duchess  

   

Insecticides: 
 
Molluscicide: 

None  
 

 
 
Slug Out® (a.i. metaldehyde 18 g/kg) 6 kg/ha 

   

Herbicides:  Firebird® (a.i. flufenacet 400 g/L + diflufenican 
200 g/L)) 400 mL/ha 
 
Terbuthylazine (a.i. 500 g/L terbuthylazine) 750 
mL/ha 
 

Fertiliser: 2 May 2020 DAP (Diammonium phosphate) 75 kg/ha 

   

Irrigation: None  
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Key points  

• In no choice, high aphid pressure conditions in shade house pot trials, grain yield of autumn 
sown wheat cultivars Viceroy and Starfire was reduced by exposure to aphids carrying 
Yellow Dwarf Virus (YDV) between Growth Stages (GS) 31 and 33 but not at GS 39 or 
beyond.  

• The shade house results extended the previously established GS 31 ‘rule of thumb’ when 
plants become more tolerant to YDV, but only marginally to GS 33.   

• Wheat cv. Duchess showed little or no susceptibility to YDV in the same trials suggesting 
cultivar differences in tolerance to YDV.   

• Field trials, in 2018-19 and 2019-20, showed no yield reduction in wheat treated with an 
initial insecticide seed treatment but not treated with foliar insecticides when compared to 
those treated with foliar insecticides. These results suggested that aphid pressure in the field 
was much lower than in shade house trials and was far less likely to cause yield loss. 

• The importance of aphid pressure as a driver for yield loss (regardless of growth stage) 
indicates that crop monitoring is important in managing the threat of YDV. 

Background 
Yellow Dwarf Virus (YDV) causes a range of symptoms and contributes to yield loss in cereal crops 
(FAR 2015). YDV is transmitted by at least six known aphid vectors in New Zealand, the most 
common of these being Rhopalosiphum padi (bird cherry oat aphid) and Metopolophium dirhodum 
(rose grain aphid) (Teulon et al. 1999, Teulon et al. 2004). Incidence of YDV varies between seasons, 
influenced by the size and timing of autumn aphid flights, the proportion of aphids in autumn flights 
that infest the crop and the proportion of these aphids that are capable of transmitting YDV, which 
all contribute to primary infestation. The extent of primary infestation and winter and spring 
conditions also drive the survival, development and secondary spread of aphids within crops, known 
as secondary infestation (Teulon et al 1999).   

Autumn sown wheat crops are considered to become tolerant to YDV when they become 
reproductive at growth stage (GS) 31 in early spring. Prior to this growth stage, YDV is managed by 
applying insecticides to control aphid infestation. However, the GS 31 threshold for tolerance was 
observed in a low yielding, Mediterranean-type Australian environment (Thackray et al. 2005), which 
is different from the temperate, higher yielding environment in New Zealand.  

A series of trials were undertaken between 2015 and 2018 to identify if and when autumn sown 
wheat plants become tolerant to YDV in New Zealand, and the stage of development when exposure 
to infected aphids results in greatest yield loss.  

  



 

 

Methods 
Autumn sown wheat pot trials were conducted in shade houses over three seasons between 2015 
and 2018 at Plant & Food Research at Lincoln. In the first two seasons, individual plants of cultivars 
Duchess and Viceroy were exposed to YDV-positive bird cherry oat aphids (Rhopalosiphum padi), the 
most common cereal aphid in New Zealand, at GS 12-14, 23, 31, 39 or 59 by clipping a bag 
containing aphids to the emerging leaves. Control plants were not exposed to aphids. The layout in 
each shade house was a modified Latinised row and column design with blocks. There were three 
plants per pot. In 2017 (the third season), the trial was repeated with cv. Starfire and cv. Viceroy by 
clipping aphids onto plants at GS 31, 32, 33, 39 or 59 to enable more intensive sampling around the 
key growth stages between GS 31 and GS 39. In all trials, seed was treated with an insecticide and 
YDV infection was confirmed using ELISA analysis of leaves in proximity to where aphids had been 
confined to plants. Yield was harvested from all plants within a replicate, including those that were 
not positive for YDV. Each plant was hand-harvested and threshed using a Kurtpelz® static thresher. 
Grain yield was calculated at 14% seed moisture content.  

Results and Discussion 
In 2015-16 (Year 1), cv. Viceroy wheat plants infected with YDV-positive aphids at GS 31 showed 
greater yield loss than those infected at GS 12, 23, 39 and 59 (Figure 1). Yield suppression was also 
observed in cv. Viceroy when aphids were applied at GS 31 in 2016-17 (Year 2) (Figure 2). In both 
trials, no significant yield loss was observed in cv. Duchess at GS 31 despite the high disease 
pressure, no-choice design of the experiment, suggesting it was less susceptible to YDV.  

 

Figure 1. Mean grain yield of autumn sown wheat cultivars Duchess and Viceroy after plants were 
exposed to YDV-positive aphids at different growth stages in shade houses at Lincoln in Year 1 (2015-
16). Bar = LSD (p≤ 0.05). 

 



 

 

Figure 2. Mean grain yield of autumn sown wheat cultivars Duchess and Viceroy after plants were 
exposed to YDV-positive aphids at different growth stages in shade houses at Lincoln in Year 2 (2016-
17). Bar = LSD (p≤ 0.05). 

Yield loss to YDV is well documented at early growth stages (FAR 2015), unless protected by a seed 
treatment insecticide, which typically lasts until the plant reaches tillering at around GS 21. Yield for 
plants exposed to aphids prior to GS 21 was not significantly different, although there was a trend 
for the yield to be lower at this growth stage.  

To resolve further the growth stage at which plants become tolerant of YDV infection, in Year 3 YDV-
positive aphids were applied at GS 31, 32, 33, 39 or 59. Like previous trials, yield suppression was 
reported on wheat plants infected at GS 31. This yield reduction was observed for cv’s Viceroy and 
Starfire (Figure 3). Plants infected between GS 31 and GS 33 also showed substantial yield loss 
relative to uninfected plants, while plants exposed at GS 39 showed little or no significant yield 
reduction. These results suggest that under high aphid and YDV pressure, created by confining 
aphids to plants, YDV susceptibility continues past GS 31 to at least GS 33. Teulon et al. (1999) 
described how YDV incidence varies between years and is influenced by both primary and secondary 
infestation, with severe outbreaks often the result of high aphid pressure caused by late aphid flights 
in June and July. However, other factors such as winter weather and the growth stage of the crop 
would clearly influence aphid pressure and subsequent yield loss. 

 

Figure 3. Mean grain yield of autumn sown wheat cultivars Starfire and Viceroy after plants were 
exposed to YDV-positive aphids at different growth stages in shade houses at Lincoln in Year 3 (2017-
18). Bar = LSD (p≤ 0.05).  

To validate the results of shade house trials, experiments were moved to the field, under natural 
aphid pressure conditions in 2018 and 2019. Field trials showed no significant yield loss through 
stem extension or at even earlier stages in development (Drummond 2020), indicating that high 
aphid pressure was a key driver for yield loss in the shade house experiments and that similar yield 
loss would only be expected post GS 33 (or at any stage) under extreme aphid pressure in the field.  

Insecticide programmes were compared in field trials, including seed treatment and foliar insecticide 
applications up to GS 31 or 39. An integrated pest management approach, which received foliar 
insecticide based on the ratio of aphids to beneficial aphid predators and parasitoids, was also used. 
These field data found no economic damage to plants post GS 31 or even post GS 21 when 
protection from seed treatments was reduced. This was consistent with Plumb and Johnstone 
(1995), who commented that YDV is rarely severe enough to cause crop loss, with most coming from 
secondary spread of aphids. Farrell and Stufkens (1992), also found a YDV incidence of greater than 
5% was required for infestation of a crop to result in economic loss. 

Summary 



 

 

Three years of shade house studies showed that wheat plants infected with YDV between GS 31 and 
GS 33 experienced a yield loss relative to uninfected plants. However, these studies were conducted 
under high aphid pressure as YDV-positive aphids were exposed to plants under a ‘no choice’ 
scenario. In contrast, aphid/disease pressure in subsequent field trials did not reach sufficient levels 
to cause economic damage to plants post GS 31 (or even post GS 21) in New Zealand.  

The importance of aphid pressure as a driver for yield loss indicates that crop monitoring is 
important in managing the threat of YDV. Future work will examine if field yield results were a result 
of the presence of beneficial aphid predators and parasitoids. Work will also study the importance of 
seed treatments for YDV management in New Zealand cereals, given the possibility of 
neonicitonoids coming under scrutiny from regulators and consumers. 
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Key points  

• A survey was carried out to determine the incidence of Yellow Dwarf Virus (YDV) in autumn 
sown wheat crops in New Zealand and to understand grower YDV management practices. 
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• YDV in all crops was low, with all but one below the 5% threshold associated with economic 
loss. Higher incidence of YDV was observed in the Manawatu, while the lowest incidence 
was observed in Canterbury and Southland. 

• The most common aphid control strategy used by growers was application of a clothianidin 
(neonicotinoid, Group 4A insecticide) seed treatment. Many crops also received robust foliar 
insecticide programmes despite low YDV incidence. 

• The synthetic pyrethroid lambda-cyhalothrin was the most commonly used insecticide in 
winter, while sulfoxaflor was most commonly used in spring. 

• The relatively low incidence of YDV and high use of insecticides suggested opportunities to 
reduce the number of insecticide applications by using other management tools.   

Background 
In about 2015, cropping farmers informed FAR that they were struggling to control Yellow Dwarf 

Virus (YDV) in cereal crops. More regular, significant grain yield loss was being experienced and foliar 

insecticide use had increased in an attempt to control the aphid responsible for virus transmission.  

There were two potential reasons for increased YDV in cereal crops. Firstly, earlier sowings made 

emerging crops more vulnerable to aphid flights prior to late autumn-winter (responsible for primary 

infestation) (Teulon et al. 1999). Earlier sown crops were also more susceptible to secondary 

infestation, caused by aphid reproduction and movement within the crop. Secondary infestation 

likely contributed to virus infection (Teulon et al. 2004). Secondly, a succession of warmer winters 

that promoted faster aphid development and more generations leading to greater secondary 

infestation. Greater secondary infestation, especially in late winter, can pose a threat as farmers are 

not expecting to manage YDV and its insect vector during this period (Teulon et al 1999).  

The risk of primary aphid infestation can be monitored by observing winged aphid flights in autumn 

and early winter as well as in the spring. Risk of secondary infestation can be predicted by modelling 

degree weeks; the higher the degree week, the more favourable conditions are for aphid 

development and subsequent population build up in the paddock. Thus, these are both options to 

use as decision-support tools for management of YDV. 

The objectives of this survey were to: 1. determine the incidence of YDV in autumn sown wheat 

crops across the cereal growing regions of New Zealand; 2. understand grower YDV management 

practices. The results of the survey would help identify possible intervention points for improved 

management of the disease. 

Methods 
FAR scouted autumn sown wheat crops in the Manawatu (n=14), Canterbury (n=53) and Southland 
(n=32) for three seasons between 2016 and 2018. The incidence of YDV was estimated on flag leaves 
of plants in 18 quadrants (1m2) per crop (Horrocks et al. 2010). Quadrants were sampled from three 
tramlines in each field, taking care to sample 40 m apart and at least 20 m away from headlands, 
treelines and gateways, where aphid pressure is always the greatest. All crops were sampled 
between GS 65 (flowering) and GS 75-85 (grain fill). Information on insecticide management was 
collected for each crop. 

Degree weeks above the minimum development temperature for aphids (5.8°C) were calculated for 
the Manawatu, Canterbury and Southland from April to October between 2016 and 2018. 

Results and Discussion 

YDV and insecticide use surveys 

Incidence of YDV was low in all surveyed crops (Figure 1). Although some crops had quadrants with 
up to 30% of flag leaves showing BYDV symptoms, when averaged across the entire paddock, all but 



 

 

one of the crops surveyed were below a 5% threshold for YDV. This threshold was defined previously 
as the point at which yield loss becomes economically significant (Farrell and Stufkins 1992).  

YDV incidence was higher in the Manawatu than in Canterbury and Southland. Incidence in 

individual crops ranged from 0 to 8% for the Manawatu in Year 1, less than 1% in Year 2 and 0 to 4% 

in Year 3. In Canterbury and Southland, YDV incidence was <2% and <1%, respectively, in all 

surveyed crops. This was consistent with a YDV infection rate of <1% in 85% of surveyed cereal crops 

in Canterbury between 1983 and 1991 (Farrell and Stufkins 1992). 

 
Figure 1. Incidence of YDV in autumn sown wheat crops in the Manawatu, Canterbury and Southland 

in three seasons between 2016 and 2018. 

In the Manawatu, surveyed wheat crops received up to four foliar insecticide seed treatments in a 

season, although most relied on the seed treatment alone (Figure 2). In Canterbury, where wheat 

crops were sown between late-March and mid-May, the most common insecticide programme 

included two or three foliar applications (Figure 3). Some early sown crops received up to six foliar 

insecticide applications in addition to an insecticide seed treatment but fewer growers were 

applying four or more foliar insecticides by 2018. In Southland, few wheat crops were treated with 

foliar insecticide (Figure 4). 

 
Figure 2. Active ingredients used (a) and number of foliar insecticides applied (b) in 14 autumn sown 

wheat crops in the Manawatu over three seasons between 2016 and 2018.. 
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Figure 3. Active ingredients used (a) and number of foliar insecticides applied (b) to 53 autumn sown 

wheat crops in Canterbury over three seasons between 2016 and 2018. 

  

Figure 4. Active ingredients used (a) and number of foliar insecticides applied (b) in 32 autumn sown 

wheat crops in Southland over three seasons between 2016 and 2018. 

Insecticide seed treatments are designed to provide aphid control until the crop reaches tillering and 

were the most common form of aphid control in all surveyed crops; 94%, 86% and 69% of wheat 

crops treated with clothianidin (neonicotinoid, Group 4A insecticide) in Canterbury, the Manawatu 

and Southland, respectively. The biggest change in insecticide use was observed in Southland, where 

the number of wheat crops sown with clothianidin treated seed increased from 11% in 2016 to 100% 

in 2018. 
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In all regions, crops were treated with the synthetic pyrethroid, lambda cyhalothrin (Group 3 

insecticide) in autumn and winter. We know from insecticide persistence trials that lambda 

cyhalothrin has a long residual period in winter (up to around 3 weeks) that gets shorter as 

conditions warm in spring. We also know that lambda cyhalothrin is non-selective and therefore has 

a greater detrimental effect on beneficial aphid predators and parasitoids. Use of lambda 

cyhalothrin was most common in winter months, where longer residual activity protected crops for 

longer during vulnerable stages of development. Where crops were early sown, and beneficial insect 

numbers were potentially still high, the more selective products sulfoxaflor (Group 4C insecticide) 

and tau-fluvinalate (Group 3 insecticide) were used by some growers in late autumn. As conditions 

warmed in the spring, and aphid and beneficial insect populations increased, sulfoxaflor and 

pirimicarb (Group 1A insecticide) replaced lambda cyhalothrin as the insecticide of choice for most 

crops.  

Predicted degree weeks and aphid development  

Regional data showed that the further north you were in New Zealand, the warmer the 

temperatures and the higher the degree weeks were in the modelled period between April and 

November (Figures 5 to 7). These data indicated that the risk of secondary infestation through this 

susceptible period was greater in the Manawatu, persisted longer into the winter and began earlier 

in the spring. This was reflected in the greater YDV incidence observed in Manawatu crops relative 

to those grown in the South Island.  

 
Figure 5. Degree weeks above 5.8°C, at Palmerston North, Manawatu between 2016 and 2018. 
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Figure 6. Degree weeks above 5.8°C at Lincoln, Canterbury between 2016 and 2018. 

 
Figure 7. Degree weeks above 5.8°C, at Five Rivers, Southland between 2016 and 2018. 

A degree weeks threshold for aphid development and risk to the crop from secondary infestation 
has not yet been established, but the relative number of degree weeks provides a good indicator of 
risk. More work is required to inform growers on how to use degree week data, but for now the data 
may provide an indicator of when to scout crops for wingless aphids. Data on the number of aphids 
captured in traps would also enable the risk of primary infestation to be monitored.   
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Summary 
It is difficult to determine the economic impact of YDV as it is rarely severe enough to cause crop 
loss (Plumb and Johnstone 1995). However, the incidence of YDV for all surveyed crops in the 
Manawatu, Canterbury and Southland between 2016 and 2018 was low, with all but one below the 
previously defined 5% economic threshold. This suggests that contrary to grower concerns, YDV is 
being managed relatively successfully from a crop performance perspective.   

On the flip side, despite a low incidence of YDV, many wheat crops received relatively intensive foliar 
insecticide programmes, especially in the Canterbury region. This suggests that there is scope to 
reduce reliance on insecticides by improving integrated management strategies to manage aphids. 
Reducing reliance on insecticides will be particularly important in future, given the limited number of 
modes-of-action used to control aphids, the increasing scrutiny on their wider impacts to humans 
and the environment, and the potential for insecticide resistance to emerge.    

Research into developing integrated strategies for aphid control is ongoing including the modelling 
of degree weeks to identify risks of secondary infestation during susceptible periods and the 
monitoring of aphid flights using a network of in-field traps to identify high risk periods for primary 
infestation when farmers will need to actively manage their crops.    
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Key points  

• Two laboratory-based methods (mini-silo and Petri-dish) were developed to determine the 
susceptibility of sawtoothed grain beetle populations to the organophosphate insecticide 
pirimiphos-methyl (Group 1B). 

• The two methods ranked five test populations similarly in terms of their susceptibility to 
pirimiphos-methyl; measured as the rank order of insect mortality (highest to lowest) in the 
mini-silo method and the relative LC50 (the lethal concentration required to cause 50% 
mortality (LC50) in the petri dish assay. 

• The results illustrated variation in the susceptibility of different sawtoothed grain beetle 
populations to pirimiphos-methyl. However, it was not possible to determine whether 
significant resistance to pirimiphos-methyl exists in the field. 

• The mini-silo assay is a relatively easy method that has potential to be used by growers. 

Background 
Oryzaephilus surinamensis (L.) (sawtoothed grain beetle) is one of the most important secondary pests 
of stored grain products worldwide (Rees 2004). The species is established and widespread in New 
Zealand (Archibald and Chalmers 1983) and has been recorded in surveys by French (1971), Somerford 
(1971), Ferguson (1979) and Chapman et al. (2016). 

Storage hygiene is the most important management practice to reduce storage losses by insects such 
as the sawtoothed grain beetle (Bengston 1978, Grains Research and Development Corporation 2013). 
However, a study by Ferguson and Waller (1982) found that the full advantage of storage hygiene is 
rarely used and chemical control measures are often applied. Chemical control of sawtoothed grain 
beetles in New Zealand has relied heavily on the use of the organophosphate insecticide pirimiphos-
methyl (Group 1B) (Chapman et al. 2016), a grain protectant designed to provide up to nine months’ 
protection of grain from infestation (Collins 2017).  

Pirimiphos-methyl can be used as a structural treatment, where the internal surfaces of a grain store 
are treated with a dust, smoke or liquid formulation prior to grain fill. Liquid and dust formulations of 
pirimiphos-methyl can also be used to treat grain post-harvest as it is augered into a grain store 
(AgriMedia 2019). FAR (2017) reported 90% of the surveyed Canterbury grain growers used a 
structural insecticide treatment, while 79% treated grain with insecticide as it entered storage. 
Reliance on pirimiphos-methyl was driven by the limited availability of alternative insecticidal 
products in New Zealand. Of eight registered grain protectant insecticides in New Zealand, seven 
contain an organophosphate and, of these, six contain pirimiphos-methyl (AgriMedia 2019). 

Resistance of sawtoothed grain beetle to pirimiphos-methyl has been documented internationally 
(Boyer et al. 2012; Arthropod Pesticide Resistance Database 2019), and confirmed cases have been 
recorded in Queensland and New South Wales, Australia in the 1980s and 1990s where resistance 



 

 

factors of 2.2–55 fold were recorded (Attia and Frecker 1984, Collins 1985, Herron 1990, Wallbank 
1996). 

The objective of this research was to develop bioassay methods to determine variation in the 
susceptibility to pirimiphos-methyl in Canterbury populations of sawtoothed grain beetles. Testing 
additional populations from throughout New Zealand as they become available with the bioassay 
methods described in this paper could provide a more comprehensive assessment of the status of 
pirimiphos-methyl resistance in sawtoothed grain beetle. 

Methods 

Test beetle populations 
Five sawtoothed grain beetle populations were collected from on-farm locations in Canterbury. The 
history of insecticide use during grain storage was recorded for each population (Table 1). Even though 
it had been previously treated with insecticides, Population 1 was used as a reference as it was the 
first population with sufficient numbers to test and was susceptible. All populations were reared in 
isolation at 25°C at 65% relative humidity to multiply sufficient numbers for insecticide bioassays. 
Daylight was not controlled. Insect colonies were housed in 2 L plastic containers with ventilated 
screw-top lids and reared on a diet of rolled oats with yeast. Generations 3–5 were tested at each 
bioassay, although the actual generation was difficult to determine as populations were established 
with mixed-age adults. 

Table 1. Origin and insecticide exposure during storage of sawtoothed grain beetle (Oryzaephilus 
surinamensis) populations from Canterbury tested by the mini-silo and Petri-dish concentration-
mortality methods. 

Population Collection area Previous structural* insecticide 
treatment 

Previous insecticide 
treatment at silo filling 

1 Ellesmere district Actellic® bomb  Actellic® dust  

2 Ellesmere district Not treated Actellic® dust 

3 Pendarves district Not treated Maldison, (Magtoxin® 
pellets - post filling 

4 Methven district Actellic® bomb (pirimiphos-methyl) Actellic® dust  

5 Temuka district Actellic® bomb (pirimiphos-methyl) Silo® EC  

Notes: *A structural treatment is used to coat the inside of an empty grain store prior to filling with 
grain. Actellic® bomb (a.i. 200 g/kg pirimiphos-methyl as smoke generator, Group 1B insecticide), 
Actellic® dust (a.i. 20 g/kg pirimiphos-methyl as a dust, Group 1B insecticide), Maldison (a.i. 440 g/L 
maldison, Group 1B insecticide); Magtoxin® (a.i. 60% magnesium phosphide, Group 24A insecticide), 
Silo® EC (a.i. 500 g/L pirimiphos-methyl, Group 1B insecticide) 

Resistance assessment using a mini-silo method 
Insects were contained in 400 mL ventilated plastic containers filled with ca. 300 g wheat grain 
previously treated with a pirimiphos-methyl dust formulation (Actellic® dust at the recommended 
label rate (200 g/1000 kg seed). Dust was applied to the grain and thoroughly mixed. The control 
treatment contained untreated seed. The treated grain was compared to the control for each 
population. Each population was tested against Population 1 as a reference population. Forty mixed 
age and sex adult insects from each of the five populations (estimated generation 3–5) were assigned 
treatments and placed in separate containers. There were five replicates of each treatment. 
Treatments were assigned randomly within blocks, and that arrangement of containers was 
maintained in an incubator. The closed containers were held in an incubator for 48 hours at 25°C under 
the natural day:night photoperiod during spring (i.e. 12 h light:12 h dark). After this time, beetles were 
separated from the grain and were classified as alive, moribund or dead. Dead insects had no obvious 
sign of appendage movement, moribund insects had signs of appendage movement but were unable 
to walk, and alive insects were able to walk more than one body length. Percentage mortality 



 

 

(moribund+dead beetles) in the control treatment was used to correct the percentage mortality in the 
insecticide treatments using Abbott’s formula (Abbott 1925).  

Data were a normal approximation to a binomial distribution and was arcsine transformed. There 
were no differences between transformed and untransformed data, so untransformed data were 
reported. Statistical analysis of percentage mortality was completed with Genstat® (19th edition VSN 
International Ltd, UK), using split plot analysis of variance (ANOVA). 

Resistance assessment using a Petri-dish concentration mortality method 
Small plastic Petri dishes (50-mm diameter) with tight-fitting lids were used as the test arena on which 
to expose selected insects to insecticide (Kabir and Chapman 1997). The internal surfaces of the Petri 
dishes (lid and base) were sprayed with insecticide suspensions using a Potter Precision Spraying 
Tower (Potter 1952). A range of six concentrations with a two-fold dilution (0, 0.00625, 0.0125, 0.025, 
0.05 and 0.1 g a.i./L) of pirimiphos-methyl (Actellic® 50 EC) were tested. Two millilitres of suspension 
were applied to each lid/base pair in the Potter tower operated at 68 kPa. Each lid/base pair was left 
for ten seconds to allow the insecticide spray droplets to settle. The insecticide residue on lids and 
bases was dried for ca. 30 min at 25°C after which thirty mixed age and sex adult sawtoothed grain 
beetles were introduced to each Petri dish. There were four replicates of each treatment. Batches of 
beetles from the same populations as the mini silo method were assigned randomly to the Petri dishes. 
A water-only control was also prepared in the same manner. The Petri dishes were held for 24 h at 
25°C under the natural day:night photoperiod during spring (i.e. 12 h light: 12 h dark). Beetles were 
assessed as being alive, moribund or dead as described in the mini-silo method above. The lethal 
concentration required to cause 50% mortality (LC50) was determined by probit analysis using 
Genstat® software (19th edition VSN International Ltd, UK).   

Results and discussion 

Mini-silo trial 
The designated ‘susceptible’ population (no. 1) was tested with each of the other four populations 
and resulted in 85.1–99.5% mortality on all occasions. Insect mortality was >90% for Populations 3 
and 5 so they were also considered susceptible to pirimiphos-methyl applied at the recommended 
label rate (Table 2). These populations were not significantly different to Population 1 in their 
susceptibility (Table 2). Population 4 had 66.5% mortality so was less susceptible than Population 1 
(P=0.006) and Population 2 only showed 10.4% mortality, so had the lowest susceptibility to 
pirimiphos-methyl.  

Petri-dish trial 
A comparison of the resistance factors for Populations 2–5 with the susceptible reference (Population 
1) showed that their susceptibility was between 1.5 and 5.5-fold less than the control (known as the 
resistance factor) (Table 3).  

The relative susceptibility of each insect population to pirimiphos-methyl in the Petri-dish assays was 
similar to that observed in the mini-silo assay (i.e. Population 1 sustained the highest mortality in the 
mini-silo method (average 96.1%) and had the lowest LC50 value (0.014 g pirimiphos-methyl/L) in the 
Petri-dish assay). Based on the assays, Population 2 was the least susceptible to pirimiphos-methyl, 
while the remaining three populations had intermediate susceptibility when compared with 
Populations 1 and 2. 

  



 

 

Table 2. Percent mortality of five sawtoothed grain beetle populations when exposed to pirimiphos-
methyl (Group 1B) as Actellic® dust (200 g product/tonne of grain) using the mini-silo method. 

 Percent mortality (%) 

 Untreated Treated with pirimiphos-methyl 

Test 1   

Population 1 4.8 85.1 

Population 2 5.0 10.4 

P value (population)  <0.001 

P value (treatment)  <0.001 

LSD (p=0.05)  7.0 

Test 2   

Population 1 3.2 99.5 

Population 3 5.9 91.5 

P value (population)  0.26 

P value (treatment)  <0.001 

LSD (P=0.05)  5.6 

Test 3   

Population 1 1.0 98.1 

Population 4 2.8 66.5 

P value (population)  0.006 

P value (treatment)  <0.001 

LSD (p=0.05)  9.2 

Test 4   

Population 1 0.9 91.2 

Population 5 0.9 95.9 

P value (population)  0.08 

P value (treatment)  <0.001 

LSD (p=0.05)  4.0 

 

Table 3 LC50 and resistance factor for five sawtoothed grain beetle populations from Canterbury to a 
liquid formulation of pirimiphos-methyl using the Petri-dish concentration mortality method. 

Population LC50 (g a.i/L) 95% C.I.1 LC50 Slope ± SE2 of slope Resistance factor3 

1 0.014 0.012-0.015 4.04 0.35 - 

2 0.075 0.064-0.087 4.84 0.56 5.4 

3 0.021 0.017-0.023 2.98 0.43 1.5 

4 0.059 0.051-0.068 5.63 0.70 4.2 

5 0.038 0.034-0.042 5.07 0.55 2.7 

1C.I. = confidence interval; 2SE= standard error; 3Resistance factor = multiple by which a population is 
more resistant (LC50) to pirimiphos-methyl than the most susceptible population. 

 
  



 

 

Internationally, susceptibility of insects to pirimiphos-methyl is tested using FAO Method No. 15, 
which includes using impregnated filter paper to test a liquid formulation (Champ & Dyte 1980). In 
this study, a mini-silo method was developed to enable susceptibility of sawtoothed grain beetles to 
the dust formulation of pirimiphos-methyl to be tested, as dust is more commonly used by Canterbury 
growers. A rapid Petri-dish method was then used to corroborate the mini-silo method and to more 
precisely quantify differences in susceptibility between local insect populations as this method 
ensured uniform coverage of internal surfaces and that insects remained in continuous contact with 
insecticide residues. The mini-silo method was also developed to be used by growers’ on-farm as it 
does not require specialist equipment whereas the Petri-dish method, while giving more valuable 
information about the population’s response, requires specialist equipment and is a more research-
orientated method.  

Tests on five insect populations collected within Canterbury showed that the relative susceptibility of 
the five insect populations was consistent when using either the mini-silo or petri-dish assay. This 
indicated that either test could be used in future to monitor the susceptibility of a bigger collection of 
sawtoothed grain beetles, although additional insect populations would need to be tested to validate 
these findings.  

The resistance factors (1.5– 5.4) calculated from the results of the Petri-dish assays were lower than 
those reported elsewhere. Attia and Frecker (1984) reported a <40-fold resistance factor to 
pirimiphos-methyl for sawtoothed grain beetles in Queensland, Australia, while Herron (1990) 
reported a resistance factor range of 2.2–44.2, with 70% of sawtoothed grain beetle populations 
resistant to pirimiphos-methyl in New South Wales, Australia. Wallbank (1996), also in New South 
Wales, detected 95% resistance to pirimiphos-methyl in sawtoothed grain beetles with a maximum 
resistance factor of 55 when compared with the susceptible strain. These studies utilised the 
impregnated filter paper technique FAO Method No. 15 (Champ and Dyte 1980). It is possible that the 
test method used in the current study, resulted in resistance factors that were different from those 
generated by the impregnated filter paper method.  

Chapman and Penman (1984) stated that low resistance factors, such as those reported in this paper, 
are often argued to fall within the range of natural variation for the species. There are no data defining 
the susceptibility of sawtoothed grain beetle populations from New Zealand, however, so it is not 
possible to conclude from these results whether the susceptibility of the populations tested in this 
study represent a baseline (the original) susceptibility of the species in New Zealand or if they have in 
some cases reduced in susceptibility. The results do show variation exists in the response to 
pirimiphos-methyl among sawtoothed grain beetle populations collected in Canterbury.  

Summary 
Given confirmed cases of resistance to pirimiphos-methyl internationally, and that sawtoothed grain 
beetle populations have been subjected to similar chemical selection pressures in New Zealand, there 
is a high risk of reduced susceptibility developing to this chemistry in New Zealand.  

In this study, two assays were developed to easily and rapidly assess field populations for susceptibility 
to pirimiphos-methyl. These assays consistently ranked five test New Zealand populations, although 
all showed relatively low ‘resistance factors’ compared to populations overseas. Further testing of 
populations is needed to confirm whether the results to date show some populations are becoming 
tolerant to pirimiphos-methyl or if they simply reflect natural variation in sawtoothed grain beetle 
populations. The implications for field control also need further study. 
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Key Points 

• Ryegrass weed establishment at densities up to 280 plants/m2 did not reduce spring wheat 
yields. 

• Sakura® applied prior to wheat emergence by itself in a mixture, with a follow up post 
emergent herbicide, resulted in the best annual ryegrass control. 

Background 

Ryegrass weeds (L. multiflorum and L. perenne) are in the top ten weed species assessed as being 
most at risk of developing herbicide resistance in New Zealand (Ngow et al. 2020). Growers have 
noted an increasing problem with ryegrass weeds in cereals, which appears from farm surveys to be 
associated with a greater than expected incidence of herbicide resistance to Group 1 and 2 Mode-of-
Action (MoA) herbicides. The emergence of ryegrass populations with resistance to these commonly 
used MoAs means herbicide programmes that reduce the reliance on these chemistries are 
required. This trial was established to assess a range of pre-emergent and post-emergent herbicide 
regimes, as well as sequences of both, for their potential to control annual ryegrass in a spring-sown 
wheat crop and to support stewardship of our at-risk chemistries. 

Methods 

Ryegrass cultivar Winterstar II, a tetraploid annual type, was broadcast at 30 kg/ha (790 seeds/m2) 
and incorporated into the soil with a ‘drag tyne harrow’ on 17 September 2020. On the same day, 
wheat cultivar Discovery was sown at a target plant population of 250 plants/m2.  

The pre-incorporated herbicide treatment was applied prior to drilling, where the soil disturbance 
from the disc coulter seed drill incorporated the herbicide. The remaining pre-emergence herbicide 
treatments were applied one week later on 24 September. Post-emergence applications were 
applied on 22 October 2020 when the ryegrass had one emerged leaf, and on 4 November, when 
ryegrass had four emerged leaves (Table 1). A full list of trial inputs is given in Appendix 1. 

The herbicides used were: Firebird® (400 g/L flufenacet and 200 g/L diflufenican, Groups 15 and 12); 
Gardoprim® (500 g/L terbuthylazine, Group 5); Karmex® 900 (900 g/kg diuron, Group 5); Othello® OD 
(50 g/L diflufenican, 7.5 g/L mesosulfuron methyl, 2.5 g/L iodosulfuron methyl sodium and 22.5 g/L 
mefenpyr-diethyl (safener), Groups 2 and 12); Rexade™ Godri™ (50 g/kg halauxifen-methyl and 150 
g/kg pyroxsulam, Groups 2 and 4); Stomp® Xtra (455 g/L pendimethalin, Group 3); Twister™ (500 g/L 
isoproturon, Group 5), H21/01 experimental chemical (Group 0). The full list of treatments is shown 
in Table 1. 

Wheat and ryegrass seedling density was assessed on 10 November by counting wheat seedlings in a 
30 cm x 50 cm quadrat and ryegrass in a 50 cm x 50 cm quadrat. Ryegrass seed head density was 
assessed on 4 February 2021 by counting in-situ the heads in a 1 m2 quadrat. The trial was bird-
netted but some bird damage occurred on one side when wind gusts dislodged the net. Bird damage 
was assessed visually on all plots on 4 February and the grain yield was adjusted for the estimated 
grain loss (average loss per plot 7%, range 1% to 40%). The trial was harvested on 15 February with a 
Sampo plot combine. 

  



 

 

Results and Discussion 

The wheat grain yield averaged 8.4 t/ha, and there were no significant differences between 
treatments (p= 0.82). There was also no relationship between ryegrass density and grain yield, 
implying the critical ryegrass density required to reduce yield in spring is greater than 280 ryegrass 
plants/m2 (Table 1). The untreated control yielded 8.51 t/ha with 280 ryegrass plants counted on 4 
November. However, by February these 280 plants/m2 resulted in only 110 ryegrass heads/m2. 

Wheat density, post-establishment, was 290 plants/m2 (higher than the target 250 plants/m2). The 
ryegrass plant count on 4 November was indicative of the effectiveness of the pre-emergence 
treatments, although it should be noted that Firebird® is not registered for use in spring crops.  

Post-emergence treatments reduced the number of pre-harvest ryegrass heads from ~40 to less 
than 5/m2 (Table 1). There was no difference in ryegrass head numbers between post-emergence 
treatments using TwisterTM, Rexade™ GoDRI™ or Othello®.  

On farms that have both cereals and certified seed production (most farms in Canterbury), a high 
level of ryegrass control is required to ensure future crop contamination from ryegrass is not an 
issue. In these situations, a sequence of herbicide treatments would be needed. If the farm did not 
produce certified seeds, spring germinating ryegrass could potentially be managed without an 
herbicide programme or one involving a single herbicide application, provided herbicide resistance 
to that MoA had not occurred. Sequences of herbicides using different MoAs is an important tool for 
managing herbicide resistance. 

Summary 

All herbicide applications reduced the number of annual ryegrass plants and subsequently the 
number of ryegrass seed heads prior to harvest. Generally, the treatments containing a post-
emergent application resulted in the lowest number of ryegrass heads of 1-6 heads m2 compared 
with 14-91 in solo pre-emergent applications. Nevertheless, wheat competition provided a level of 
ryegrass suppression in spring sown wheat that resulted in no yield penalty. Growers still need to 
consider that allowing the ryegrass to remain does potentially return a large number of ryegrass 
seeds to the soil seedbank that will need to be controlled in future seasons. 
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Appendix 1. Trial inputs 

Ryegrass  
 

Rate: 30 kg/ha  
Cultivar: Winterstar II tetraploid 
Date: 17 September 2020 

Wheat Drilling Cultivar: Discovery  
Drill date: 17 September 2020 
Target plant density: 250 plants/m2 
Actual plant density: 270 plants/m2 

Fertiliser 22 October 2020 – 150 kg/ha Nrich Sulphate of Ammonia 
18 November 2020 – 62 kg/ha N as SustaiN® 

Herbicides 22 October 2020 – 550 mL/ha Versatill® 
30 November 2020 – 1.75 L/ha Image® + StaraneTM Xtra  

Insecticides 22 October 2020 – 100 mL/ha Transform™  
Fungicides 30 November 2020 – 0.5 L/ha Opus® + 0.8 L/ha Comet® 

14 December 2020 – 1 L/ha Opus® + 0.8 L/ha Comet® 
Plant Growth Regulator 22 November 2020 – 0.4 L/ha Moddus® 
  

Notes: Versatill® (300 g/L clopyralid); Transform™ (240 g/L sulfloxaflor); Image® (120 g/L bromoxynil + 120 g/L 
ioxynil + 360 g/L mecoprop-p); StaraneTM Xtra (333 g/L fluroxypyr); Opus® (15 g/L epoxiconazole); Comet® (250 
g/L pyraclostrobin); Moddus® (250 g/L trinexapac-ethyl). 


