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Key points 

• Zymoseptoria tritici (Zt) field isolates collected from wheat crops across New Zealand in
2018-19 had mean EC50 values of 0.08093, 0.08202 and 0.02391 for bixafen, fluxapyroxad
and benzovindiflupyr parts/million (ppm) in laboratory assays.

• The mean EC50 value and percentage of isolates with EC50 values greater than 0.05 ppm for
bixafen and fluxapyroxad increased between 2014 and 2018, indicative of an ongoing shift in
the insensitivity of the Zt population to these SDHIs.

• Despite the small shift in the Zt population, the mean EC50 values were similar to those of
sensitive isolates collected overseas, prior to the use of these chemistries. This indicates that
a large shift in sensitivity of the Zt population has not yet occurred and that these
chemistries remain effective in the field.

• A similar finding was observed when testing with the DMI prothioconazole-desthio.

• Ongoing monitoring is essential for early detection of fungicide insensitivity in New Zealand
pathogen populations and for development of fungicide programmes that can minimise the
threat of losing efficacy of available fungicides.

Background 
Septoria tritici leaf blotch (STB), caused by the fungal pathogen Zymoseptoria tritici (Zt), is an 
economically important disease of wheat in New Zealand and worldwide. Currently, the most 
effective approach for managing the disease is the application of foliar fungicides; however, the 
potential for Zt to become insensitive to these fungicides is a global concern.  

Management of STB relies extensively on the use of sterol demethylation inhibitors (DMIs), and the 
more recent succinate dehydrogenase inhibitors (SDHIs) and multi-site fungicides. As a consequence 
of the single-site mode-of-action of SDHIs, the emergence of insensitivity in Zt populations and the 
resulting loss of efficacy to these fungicides is considered a medium to high risk. In Europe, a low 
frequency of Zt field isolates with reduced sensitivity to SDHIs has been detected already, although 
field performance has not yet been affected (FRAC 2019a). The DMIs are considered at medium risk 
of losing efficacy for the same reasons (FRAC 2019b).  

As part of a fungicide resistance management strategy, it is important to monitor pathogen 
populations for potential shifts in sensitivity to chemistries in use for their control. The objective of 
this study was to identify any shifts in the sensitivity to SDHI fungicides and the DMI prothioconazole-
desthio of New Zealand Zt field isolates collected from wheat crops during the 2018-29 season.  

Methods 
Sensitivity shifts were studied by comparing isolates collected in this study with those collected in the 
previous five seasons in microplate laboratory assays. As previously, wheat leaves showing STB 
symptoms were collected from commercial paddocks, FAR fungicide trials and cereal performance 
trial disease nurseries throughout Canterbury, Manawatu-Whanganui and Southland during the 
2018-19 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 field isolates were established for use in sensitivity microplate assays.  
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The sensitivity of field isolates to the SDHIs bixafen, fluxapyroxad, and benzovindiflupyr and the DMI 
prothioconazole-desthio was determined using microplate assays as described by Fraaije et al. 
(2012). Concentrations of 0 - 0.938 parts/million (ppm) were used to screen isolates for bixafen, 
fluxapyroxad and benzovindiflupyr and 0 - 20 ppm for prothioconazole-desthio. Each microplate 
contained a sensitive reference control and depending on the number of chemical concentrations, 7 
or 11 test isolates. In each microplate well 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. Each isolate was tested across 
a minimum of three plate replicates to obtain the mean. 

To test for genetic mutations associated with insensitivity to fungicides in Zt, the genomic DNA of 
selected isolates was extracted from pure cultures and the regions of interest in the DNA were 
sequenced by the Bio-Protection Centre, Lincoln University. The genetic sequence of these regions 
was compared with those of known mutated strains and those that remained sensitive to fungicides. 

Results and Discussion 
A total of 209 Zt isolates collected in 2018-19 were tested against different concentrations of the 
SDHI fungicides, returning EC50 values of 0.081, 0.082 and 0.024 ppm for bixafen, fluxapyroxad and 
benzovindiflupyr, respectively (Table 1). The sensitive reference isolate had mean EC50 values of 
0.022, 0.032 and 0.001 ppm for the three SDHIs.  

A comparison of SDHI sensitivity (EC50 values) of Zt isolates collected in the last five seasons showed a 
small increase in the mean EC50 value for both bixafen and fluxapyroxad (Figures 1 and 2). Given the 
limited number of samples tested and the limited number of years samples were collected, it was not 
clear if this small increase was a result of a ‘true’ fungicide sensitivity shift in the population or a 
reflection of natural variation in the pathogen population. However, the EC50 values identified in the 
New Zealand population during this period were similar to baseline EC50 values (between 0.018 and 
0.822 ppm for bixafen and 0.022 and 0.668 ppm for fluxapyroxad) observed overseas between 1981 
and 2010 prior to the introduction of these fungicides (Fraaije et al. 2012; Dooley et al. 2016). These 
data suggest that the New Zealand Zt population remains largely sensitive to both SDHIs. Consistent 
with this conclusion, for the first time, in 2018-19 one New Zealand isolate was found to carry a 
genetic mutation (C-V166M) previously associated with a low level of insensitivity to SDHIs, while to 
date no mutations known to convey moderate insensitivity have been detected. 

Table 1. Sensitivity of New Zealand Zymoseptoria tritici (Zt) isolates collected from wheat in 2018-19 
to fungicides commonly used for management of Septoria tritici leaf blotch. Sensitivity was measured 
as the EC50 in microplate assays. 

EC50 (ppm) * for fungicide mode of action and active ingredient 

SDHI DMI 

EC50 (μg/mL) 
values 

Bixafen Fluxapyroxad Benzovindiflupyr Prothioconazole 

No isolates 209 209 200 154 

Min 0.006 0.015 <0.001 0.005 

Max 0.713 0.683 0.474 0.174 

Mean 0.081 0.082 0.024 0.069 

Sensitivity 
reference 

0.022 0.032 0.001 0.001 

*Sensitivity to fungicides is determined by the effective concentration of a chemistry to reduce the
growth of each isolate by half EC50 values (parts per million – ppm). An active ingredient is
considered to show a reduced sensitivity profile when the EC50 value is greater than 1 ppm.
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Figure 1. Sensitivity of New Zealand Zymoseptoria tritici (Zt) isolates collected from wheat in 2018-19 
to the SDHI fungicides bixafen and fluxapyroxad from 2014-18. Isolates were ranked according to 
increasing mean EC50 values, each data point representing an isolate. This ranking provided a 
cumulative frequency of EC50 values (sensitivity). The black data point represents the EC50 value for 
an isolate with the mutation C-V166M, which confers low level insensitivity to SDHIs. 
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A total of 154 Zt field isolates were tested for sensitivity to the DMI prothioconazole-desthio. These 
isolates had EC50 values ranging from 0.005 – 0.174 ppm, with a mean EC50 value of 0.069 ppm (Table 
1). The prothioconazole-desthio-sensitive reference strain had an EC50 value of 0.001. The mean EC50 
value of isolates screened against prothioconazole-desthio increased in 2018-19 compared with the 
previous three seasons indicative of an ongoing sensitivity shift to prothioconazole-desthio emerging 
in the New Zealand Zt field population. To date, this shift was not as severe as those occurring 
overseas. 

Figure 2. A comparison of the distribution of EC50 values for New Zealand Zymoseptoria tritici (Zt) 
isolates collected from wheat from 2014 to 2018 and tested against the SDHI fungicides bixafen and 
fluxapyroxad 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.  

EC50 range 
ppm 
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Figure 3. A comparison of the distribution of EC50 values for New Zealand Zymoseptoria tritici (Zt) 
isolates collected from wheat from 2015 to 2018 and tested against the sterol demethylase inhibitor 
(DMI) 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 comparison of fungicide sensitivity of Zt isolates collected from wheat fields throughout New 
Zealand in 2018-19 and those collected in the previous 2-4 seasons detected small increases in the 
amount of SDHIs and DMI prothioconazole-desthio required to affect the viability of the pathogen 
population (as measured by the EC50). These data demonstrated a potential increase in the 
insensitivity of the New Zealand Zt population to these chemistries, but isolates remained largely 
below thresholds considered to make them insensitive to chemistries in the field (having EC50 values 
similar to those of isolates taken prior to the introduction of these chemistries overseas).    

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 further shifts 
in sensitivity and to ensure appropriate fungicide programmes are in place for disease management 
in wheat that consider the emergence of fungicide resistance.  
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Key points 

• Three years of shade house studies showed plants infected with BYDV between GS31 and GS39
experienced a yield loss relative to uninfected plants.

• Field trials showed no significant yield loss through stem extension or differences between
insecticide treatments.

• Return on insecticide spend ranged from $26/ha to -$111/ha.

• This indicates the GS31 ‘rule of thumb’ requires further validation under New Zealand
conditions through greater understanding of how local weather conditions and cultural control
methods affect aphid pressure at the paddock level throughout the season.

Background 
Barley yellow dwarf virus (BYDV) causes yield loss in cereals. A survey of New Zealand cereal crops 
showed that BYDV was present in crops in all regions, but the incidence of disease was below the 
threshold to cause economic loss. Successful management of BYDV was likely a result of crop 
management, including the ubiquitous use of a seed treatments as well as up to six foliar insecticide 
sprays.  

To understand whether reduced insecticide programmes could be used to manage BYDV, knowledge 
of plant tolerance to aphid infestation and BYDV is important. Overseas, autumn sown wheat crops 
are considered to become tolerant to BYDV in early spring when they become reproductive at 
Growth Stage (GS) 31. New Zealand growers commonly stop spraying for aphids after this growth 
stage, which is often referred to as the GS 31 ‘rule of thumb’ (Thackray et al. 2005).  

Three years of BYDV shade house trials found that wheat plants suffered a yield loss through to the 
end of stem extension (GS 39). To validate these results in the field, trials were conducted between 
2018 and 2020 to compare BYDV incidence and yield in wheat crops managed using seed treatment 
only, foliar insecticides to the start of stem extension (GS 31) or GS 39, or an integrated pest 
management (IPM) approach.  

Methods 
In 2018 and 2019, randomised complete block trials with 4 treatments and 2 replicates were 
conducted at Methven, Mid Canterbury on a Mayfield silt loam soil and at Somerton, Mid Canterbury 
on a Templeton silt loam. At Methven, trials were sown in mid-April, 2018, and late-March, 2019, 
with the cultivars ‘Ruapuna’ and ‘Graham’. Trials were sown in late-April, 2018, and early-May, 2019, 
at Somerton with the cv. Graham. Nutrients, herbicides, fungicides and plant growth regulators were 
applied to the trial as per the management of the paddock, except for insecticides, which were 
applied at the farmer’s discretion (Tables 1-4). Seed in all plots was treated with the insecticide seed 
treatment clothianidin (Poncho®). Insecticides were applied to treatment D (IPM approach) based on 
monitoring the ratio of aphids to beneficial insects. In 2019, insecticide was applied when 78 aphids 
and 7 beneficial insects were counted on 5 November. Few aphids were identified prior to 
application in 2018. A combination of direct search, sweep netting and sticky traps were used to 
monitor activity of pests and beneficial insects. Traps were elevated at approximately 75 cm. From 
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GS 31, a sweep net was used (1 sweep/plot, 1 minute of walking in each direction). Insects caught in 
sweep nets were identified in the field. Monitoring visits were conducted from GS 21 (tillering) to 
two weeks post GS 39 (flag leaf emergence) at monthly intervals during winter and weekly from GS 
31 – 39. 

All trials were harvested using a commercial harvester and a weigh wagon. In the 2018-19 season, 
grain was harvested on 4 February in Methven and on 8 February, 2019, in Somerton. In the 2019-20 
season, the trial at Methven was harvested on 3 February and the trial at Somerton on 2 March, 
2020. A 1.0 kg sample of grain from each plot was retained for quality testing. 

Statistical analysis of grain yield and margin-over-insecticide cost (MoC) was carried out using a 
general ANOVA, GenStat® 19th Edition, VSN International Ltd, UK. 

Results and Discussion 
Field trials in mid Canterbury in the 2018-19 and 2019-20 seasons found that wheat crops did not 
suffer the yield losses observed post GS 31 in wheat plants tested under high aphid pressure in the 
shade house (Tables 1-4). For instance, in the 2018-19 season, grain yields in Methven were 7.7 – 8.0 
t/ha (p=0.9) regardless of insecticide treatment and 12.4 – 12.9 t/ha (p=0.2) in the 2019-20 season. 
At Somerton, yields were 12.2 – 12.9 t/ha (p=0.1) and 11.7 – 12.0 t/ha (p=0.9). The differences in the 
yield losses observed probably resulted from the lower aphid and BYDV pressure in the field trials 
when compared with in the shade house. Shade house trials provide an artificial, high aphid pressure 
system where the most dramatic losses can be observed by clipping insects onto leaves.   

The suggestion of low aphid and BYDV pressure in the field during the trials was consistent with the 
fact that crops treated using only a seed treatment produced similar yields to those that were 
treated with foliar insecticides up to GS 31 or GS39. As clothianidin only has persistence to GS 21 
(tillering), at least some plots should have been at risk of aphid infestation. However, these plots did 
not show any higher incidence of aphids, disease or yield loss. Neither did the plots where a high 
ratio of aphids to beneficial insects (78:7) should have triggered application of an insecticide. This 
IPM based approach led to just a single late spray being applied in Somerton. The insecticide was 
applied in November when the crops had reached GS 39. As it received no insecticide other than a 
seed treatment, any risk of BYDV infection between GS 21 – 31 was reduced by respective aphid and 
beneficial insect populations, so the crop did not suffer yield loss.  In addition, plots with no foliar 
treatment applied showed no loss of yield relative to the IPM plots. These data raised questions as to 
the value of not only the late GS 39 spray, but any foliar insecticide application, as returns on 
insecticide spend ranged from $26/ha to -$111/ha (Tables 1-4).    

Table 1. Mean grain yield and Margin-over-insecticide cost (MoC) of autumn sown wheat cultivar 
‘Ruapuna’ treated with seed and/or foliar insecticide programmes at Methven, in 2018-19.  

Treatment 
No. 

Treatment type Insecticide 
Rate 

(mL/ha) 
Application 

date 
Yield 
(t/ha) 

MoC 
($/ha) 

1 Seed treatment only - - - 8.0 0 

2 Foliar insecticide to GS31 
Sulfoxaflor 

Lambda cyhalothrin 
Tau-fluvinalate 

100 
20 

100 

25/05/2018 
17/08/2018 
7/09/2018 

7.7 -221

3 Foliar insecticide to GS39 

Sulfoxaflor 
Lambda cyhalothrin 

Tau-fluvinalate 
Sulfoxaflor 
Sulfoxaflor 

100 
20 

100 
100 
100 

25/05/2018 
17/08/2018 
7/09/2018 
3/10/2018 

27/10/2018 

7.9 -224

4 IPM approach - - 7.8 0 

Mean 7.9 -111

P value 0.7 0.03 

Note. Sulfoxaflor (Group 4C insecticide), Lambda cyhalothrin (Group 3 insecticide), Tau-fluvinalate (Group 3 
insecticide). The IPM treatment received insecticide application based on the ratio of aphids to their predators 
and parasitoids. 
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Table 2. Mean grain yield and Margin-over-insecticide cost (MoC) of autumn sown wheat cultivar 
‘Graham’ treated with seed and/or foliar insecticide programmes at Somerton, in 2018-19.  

Treatment 
No. 

Treatment type Insecticide 
Rate 

(mL/ha) 
Application 

date 
Yield 
(t/ha) 

MoC 
($/ha) 

1 
Seed treatment 
only 

- - - 12.2 0 

2 
Foliar insecticide 
to GS 31 

Lambda cyhalothrin 
Lambda cyhalothrin 
Tau-fluvinalate 
Sulfoxaflor 

40 
40 

150 
100 

01/08/2018 
30/08/2018 
20/09/2018 
16/10/2018 

12.6 18 

3 
Foliar insecticide 
to GS 39 

Lambda cyhalothrin 
Lambda cyhalothrin 
Tau-fluvinalate 
Sulfoxaflor 
Sulxoxaflor 

40 
40 

150 
100 
100 

01/08/2018 
30/08/2018 
20/09/2018 
16/10/2018 
11/11/2018 

12.9 107 

4 IPM approach Sulfoxaflor 100 11/11/2018 12.3 -21

Mean 12.5 26 

P value 0.1 0.5 

Note: Sulfoxaflor (Group 4C insecticide), Lambda cyhalothrin (Group 3 insecticide), Tau-fluvinalate 
(Group 3 insecticide). The IPM treatment received insecticide application based on the ratio of aphids 
to their predators and parasitoids. 

Table 3. Mean grain yield and Margin-over-insecticide cost (MoC) of autumn sown wheat cultivar 
‘Graham’ treated with seed and/or foliar insecticide programmes at Methven, in 2019-20.  

Treatment 
No. 

Treatment type Insecticide 
Rate 

(mL/ha) 
Application 

date 
Yield 
(t/ha) 

MoC 
($/ha) 

1 
Seed treatment 
only 

- - - 12.5 0 

2 
Foliar insecticide 
to GS 31 

Lambda cyhalothrin 
Lambda cyhalothrin 
Sulfoxaflor 

40 
40 

100 

24/05/2019 
09/07/2019 
04/10/2019 

12.6 -2

3 
Foliar insecticide 
to GS 39 

Lambda cyhalothrin 
Lambda cyhalothrin 
Sulfoxaflor 
Pirimicarb 

40 
40 

100 
200* 

24/05/2019 
09/07/2019 
04/10/2019 
05/11/2019 

12.9 24 

4 IPM approach - - 12.4 0 

Mean 12.6 6 

P value 0.2 0.9 

Note: Sulfoxaflor (Group 4C insecticide), Lambda cyhalothrin (Group 3 insecticide), Tau-fluvinalate 
(Group 3 insecticide). Pirimicarb (Group 1 insecticide), * g/ha. The IPM treatment received insecticide 
application based on the ratio of aphids to their predators and parasitoids. 
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Table 4.  Mean grain yield and Margin-over-insecticide cost (MoC) of autumn sown wheat treated 
with seed and foliar insecticide programmes at Somerton, cultivar ‘Graham’, 2019-20.  

Treatment 
No. 

Treatment type Active ingredient 
Rate 

(mL/ha) 
Application 

date 
Yield 
(t/ha) 

MoC 
($/ha) 

1 
A. Seed
treatment only

- - - 11.8 0 

2 
B. Foliar
insecticide to
GS31

Lambda cyhalothrin 
Lambda cyhalothrin 
Lambda cyhalothrin 

40 
40 
40 

15/08/2019 
17/09/2019 
10/10/2019 

12.0 -30

3 
C. Foliar
insecticide to
GS39

Lambda cyhalothrin 
Lambda cyhalothrin 
Lambda cyhalothrin 
Sulfoxaflor 

40 
40 
40 
40 

15/08/2019 
17/09/2019 
10/10/2019 
25/10/2019 

11.7 -204

4 D. IPM approach Sulfoxaflor 100 25/10/2019 11.8 -64

Mean 11.8 -75

P value 0.9 0.4 

Note: Sulfoxaflor (Group 4C insecticide), Lambda cyhalothrin (Group 3 insecticide), Tau-fluvinalate 
(Group 3 insecticide). The IPM treatment received insecticide application based on the ratio of aphids 
to their predators and parasitoids. 

Monitoring of insect populations at Methven found aphid and beneficial insect numbers dropped by 
mid-June (Figure 1) meaning the crop, which had reached tillering, was potentially exposed to aphid 
flights between late-May and mid-June. Aphid and beneficial numbers at the Somerton site followed 
a similar trend as the Methven site, although the crop was sown later and therefore did not reach 
tillering (GS 21) until late-June, by which time aphid and beneficial insect numbers had dropped 
(Figure 2). 

Aphid and beneficial insect numbers remained negligible through winter until October in both 
seasons. Due to cooler weather in the 2019-20 season, a longer lag occurred between the aphid and 
beneficial insect population increase. Aphid and beneficial numbers at the Somerton site followed a 
similar trend as the Methven site, although it was sown later and therefore did not reach tillering 
(GS21) until late-June, by which time aphid and beneficial insect numbers had dropped (Figure 2). 
Thus, at Somerton, the seed treatment would have limited the risk of aphid infestation.  

Spring monitoring of the crops showed that aphid numbers did not increase until at least mid-
October in Methven or early-October in Somerton. By this time the crops had reached GS 31. This 
means that based on the GS 31 rule of thumb the crops would have been at low risk from BYDV. 
Having reached GS 31 before the IPM approach triggered an insecticide treatment, this crop would 
have been at a relatively tolerant stage (Thackray et al. 2005).  

Aphid pressure depends on local weather conditions, the ratio of aphids to beneficial insects, cultural 
control methods, such as sowing date and weed management, and previous insecticide use (FAR 
Focus 12, 2015). In these trials, these factors all appeared to contribute to low aphid pressure 
requiring nothing more than a seed treatment.  

Future work will investigate whether aphid and beneficial insect monitoring data or degree week 
modelling (aphid population growth is dependent on a base temperature above 5.8°C) can identify 
risk based on crop sowing time and development.    
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Figure 1. The number of aphids and beneficial insects identified on sticky traps and through direct 
searching at Methven, 2018 and 2019 

Figure 2. The number of aphids and beneficial insects identified on sticky traps and through direct 
searching at Somerton 2018 and 2019. 
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Summary 
FAR field trials showed that where aphid pressure was relatively low, no conclusive yield loss could 
be attributed to BYDV nor any conclusive yield gain attributed to the use of foliar insecticides. Results 
indicated that a calendar-based approach to insecticide application, with no consideration of local 
weather conditions, sowing date and aphid: beneficial insect ratios, can result in unnecessary 
applications as crops treated with no foliar insecticide produced similar yields to those treated with 
foliar applications. Analysis of MoC found no financial benefit to foliar insecticide application.  

The combination of local weather conditions, sowing date and insect ratios form the foundation of 
an IPM approach and can aid decision making when managing BYDV, as they allow growers to 
mitigate risk based on conditions at the paddock level. Future work should examine if yield results 
were due to the presence of beneficial aphid parasitoids and predators in the field, and should 
include bare seed as a treatment. 

References 
FAR Focus Issue 12. 2015. Integrated Pest Management. 

FAR 2010. Integrated Pest Management – The Ute Guide. 

Thackray, D.J. Ward, L.T., Thomas-Carrol, M.L and Jones, R. 2005. Role of winter-active aphids 
spreading Barley yellow dwarf virus in decreasing wheat yields in a Mediterranean-type environment. 
Crop and Pasture Science. 56 (10): 1089-1099. 

13
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Key points 

• Ramularia collo-cygni (Rcc) isolates were collected from across the barley growing regions of
New Zealand.

• Isolates were tested in the laboratory against a range of succinate dehydrogenase inhibitors
(SDHIs), demethylation inhibitors (DMI) and the multi-site fungicide folpet.

• Over 95% of isolates tested showed a reduced sensitivity to SDHIs.

• New Zealand’s Rcc population will continue to be monitored in 2018-19 and 2019-20 isolates
to identify any change in efficacy of fungicides.

Background 
Ramularia leaf spot (RLS) of barley is caused by the pathogen Ramularia collo-cygni (Rcc). The 
primary approach to the management of RLS is to use a foliar fungicide programme. However, a 
reduction in the sensitivity of Rcc populations to quinone outside inhibitors (QoIs – strobilurins) has 
recently emerged overseas (FRAC 2018) and in New Zealand. As the potential also exists for these 
populations to develop reduced sensitivity to other commonly used fungicide groups, it is necessary 
to continue to monitor New Zealand’s Rcc population for sensitivity to these fungicides in order to 
adapt fungicide programmes to maintain efficacy.  

This report describes the current status of fungicide sensitivity in New Zealand’s Rcc population by 
providing the results of laboratory testing of Rcc isolates collected from barley crops during the 2017-
18 season for sensitivity to a range of fungicides. 

Methods 
One hundred and three Ramularia collo-cygni (Rcc) field isolates were collected from 17 sites 
throughout the main barley growing regions of New Zealand during the 2017-18 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 three succinate 
dehydrogenase inhibitors (SDHIs) (bixafen, isopyrazam and fluxapyroxad), two demethylation 
inhibitors (DMI) (prothioconazole and tebuconazole), and one multi-site active (folpet). The 
concentrations tested ranged from 0 - 20 parts per million (ppm) (bixafen, isopyrazam, fluxapyroxad 
and folpet) or 0 - 10 ppm (prothioconazole and tebuconazole). Two New Zealand Rcc isolates with 
known sdhC mutations (C-H146R and C-H153R) were included in the testing on each microplate as 
controls with reduced sensitivity to SDHIs as was a known susceptible reference isolate.  

In each microplate well assay, the effective concentration to reduce the growth of each isolate by 
half (EC50) was determined for each fungicide/active ingredient by exposing the fungus to different 
amounts of the fungicide. This is the standard method for investigating the relative sensitivity of 
fungi to fungicides. An active ingredient was considered to show a reduced sensitivity profile when 
the EC50 value was greater than 1 ppm. Each isolate was tested across a minimum of three plate 
replicates to obtain the mean. 
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Results and Discussion 
The mean EC50 values for each isolate (excluding the reference isolates) were 5.244, 4.173 and 4.688 
ppm for the SDHIs bixafen, isopyrazam and fluxapyroxad. Of the isolates screened against the three 
SDHIs, 96% had EC50 values greater than 1 ppm indicating these strains were no longer sensitive to 
SDHIs. The remaining 4% of isolates had an intermediate profile with an average EC50 value of 0.21 
ppm (range 0.08 – 0.68 ppm), but were still considered sensitive to these chemistries.  

Further analysis of six isolates shown to be insensitive to SDHIs identified three had a C-H146R 
mutation in the sdhC gene while the remaining three had a C-H153R mutation. These mutations have 
previously been identified in New Zealand Rcc field isolates, and are associated with significantly 
decreased sensitivity to SDHIs (FRAC 2019). 

The mean EC50 values for each isolate (excluding the reference isolates) for the DMIs prothioconazole 
and tebuconazole were 0.912 and 0.903 ppm, respectively, and 0.98 ppm for the multi-site fungicide 
folpet (Table 1). These results confirmed Rcc isolates remain sensitive to the DMIs, although the 
values were close to the 1 ppm threshold suggesting sensitivity continues to decrease in the New 
Zealand Rcc population. Folpet also produced an EC50 value close to 1, but this chemistry is only ever 
used as a mixing partner with other active ingredients and is not used to control Rcc on its own.  

Table 1. Sensitivity of New Zealand Ramularia collo-cygni field isolates collected in 2017-18 to 
fungicides commonly used for management of Ramularia leaf spot. Sensitivity was measured as the 
EC50 in microplate assays. 

EC50 (ppm) * for fungicide mode of action and active ingredient 

SDHI DMI Multi-site 

Bixafen Isopyrazam Fluxapyroxad Prothioconazole Tebuconazole Folpet 

No. isolates 
tested 

103 102 102 103 103 97 

Minimum 
EC50 

0.054 0.027 0.075 0.141 0.066 0.051 

Maximum 
EC50 

20 20 20 2.613 2.189 1.845 

Mean EC50 5.224 4.173 4.688 0.912 0.903 0.916 

Sensitive 
sdhC 
reference 
isolate 

0.009 0.01 0.021 1.447 0.587 0.98 

* Sensitivity to fungicides is determined by the effective concentration of a chemistry to reduce the
growth of each isolate by half EC50 values (parts per million – ppm). An active ingredient is considered
to show a reduced sensitivity profile when the EC50 value is greater than 1 ppm.
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Summary 
Laboratory testing of 103 Rcc isolates collected from barley seed samples throughout New Zealand 
in 2017-18 confirmed that more than 95% of isolates were insensitive to SDHIs. Insensitivity was 
associated with well-known mutations in the sdhC gene that cause decreased sensitivity to SDHIs. 
Widespread insensitivity in Rcc to SDHIs is likely to result in increasingly reduced efficacy in the field 
and the need to revise future fungicide programmes for the management of RLS.  

With this in mind, future research aimed at reducing the emergence of insensitivity to other 
chemistries such as the DMIs, will focus on identifying appropriate fungicide programmes for both 
autumn and spring sown barley based on rate, mixing partners, modes of action and timing of 
application. 

Further testing of New Zealand’s Rcc population in 2018-19 and 2019-20 isolates is ongoing. Early 
indications are that 100% of Year 2 isolates are insensitive to SDHIs. 

References 
FRAC 2018. FRAC QoI Working Group Minutes 2017: recommendation for 2018. 
http://www.frac.info/docs/default-soirce/qoi-meeting-minutes/miniutes-of-the-2017-qoi-meeting-
updated-in-may-2018-recommendations-for-2018.pdf  

FRAC 2019. FRAC Succinate Dehydrogenase Inhibitor (SDHI) Working Group minutes 2018: 
recommendations for 2019. http://www.frac.info/doc/docs/default-source/sdhi-wg-sdhi-meeting-
minutes/minutes-of-the-2018-sdhi-meeting-11-12th-of-december-2019-with-recommendations-for-
2019.pdf?sfvrsn=fa9c4b9a_2  
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Key points 

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

• All but one of 29 barley seed samples supplied by growers tested positive for Rcc regardless
of location, cultivar, sowing date, seed generation, irrigation, fungicide programme or
disease severity/incidence.

• No Rcc was detected in historical samples. This may be because of the recent emergence of
Rcc or because Rcc does not survive for long periods on seed under storage.

Background 
Ramularia collo-cygni (Rcc) causes Ramularia leaf spot (RLS) in barley. FAR fungicide trials in 2018-19 
and 2019-20 in autumn and spring sown barley reported average yield losses of 16%. 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). As part of an SFF project: Managing the threat of Ramularia in barley crops, a survey of Rcc on 
seed from autumn and spring sown barley crops was performed to assess the prevalence of seed-
borne inoculum of this pathogen. Growers from across New Zealand provided samples of harvested 
grain along with information on cultivar, sowing date, harvest date, fungicide programme, whether 
RLS symptoms were observed in the crop, its severity and seed. The survey had two objectives. 
Objective 1: determine how widespread the problem of seedborne Rcc is in New Zealand. Objective 
2: understand pathogen persistence in subsequent generations of the crop regardless of whether or 
not RLS symptoms were seen in the field. This report provides data to address Objective 1.  

Methods 
Samples of barley seed were collected from a total of 29 autumn and spring sown crops grown in one 
of four regions during the 2018-19 season harvest. Agronomic and other variables (i.e. visually 
assessed RLS scores) were recorded for each sample during the season. 

Seeds were also obtained from 12 historical barley samples dating back to 1968, which were 
subsequently stored in the New Zealand Institute for Plant & Food Research seedbank, giving a total 
of 41 samples. The seed was from a range of cultivars, some of which are no longer commercially 
available. 

DNA extractions were carried out for each seed sample and detection of pathogen DNA was 
undertaken.  
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Results and Discussion 

Figure 1. Dot histograms for each cultivar of estimated Rcc DNA presence (pg/100 mg seed), with each 
dot representing the mean for each historical and grower sample. Green bars are at the mean for each 
cultivar. 

Figure 2. Grower sample means, dot histograms of estimated Ramularia quantities (pg/100 mg seed) 
for four categories, observed Ramularia, irrigation, region and sowing season. 

All but one of the 29 barley seed samples collected from across New Zealand in the 2018-19 season 
tested positive for the presence of Rcc (Figures 1-2). None of the 12 historical samples tested 
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positive. Seed samples from the 2018-19 season tested positive for Rcc regardless of location, 
cultivar, sowing date, seed generation, irrigation, fungicide programme or disease severity/incidence. 

The detection of Rcc DNA on all but one seed sample collected during the 2018-19 season, suggests 
that seed borne inoculum is widespread in barley crops, regardless of sowing date, season or cultivar 
selection. The widespread occurrence of Rcc on barley seed also adds pressure to current fungicide 
programmes by increasing the source and amount of the pathogen in the crop. Current fungicide 
programmes are are already at risk of losing efficacy because of the emergence in Rcc of resistance 
to key chemical groups (Warren et al. 2019).  

The widespread detection of Rcc DNA in seed samples collected during the 2018-19 season was in 
contrast to the failure to detect Rcc in any historical samples. The failure to detect Rcc in any of the 
historical seed samples may have been because Ramularia leaf spot has become more prevalent in 
recent years or because Rcc 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 test result.      

Summary 
Rcc DNA was found on all but one of the 29 barley seed samples collected from farms across New 
Zealand during the 2018-19 survey. This indicates that that Rcc is now ubiquitous in New Zealand 
barley crops and that seed inoculum could be important in the ongoing spread of RLS.  

Given the ubiquitous nature of Rcc and the emergence of reduced efficacy of key fungicide groups to 
this pathogen (Havis et al. 2015), better management of seedborne inoculum may be important 
(Warren et al. 2020). Furthermore, the use of appropriate fungicide programmes that protect at-risk 
chemistry and help to more effectively manage inoculum during the season, such as those that use 
the multi-site fungicide Phoenix®, will be important in future management of this pathogen.   

Future work will seek to understand persistence of the pathogen in subsequent generations of the 
crop as a result of seed-borne inoculum. 

References 
FAR 2018. Cropping Strategies Issue 8 – A summary of recent research findings: Cereal Disease 
Management (Revised 2018). Disease control in wheat and barley. 
https://www.far.org.nz/articles/454/issue-8-cereal-disease-management-revised-2018 

Warren, R, Thompson, S, Baird, D, Chng, S, and Drummond J (2019). Fungicide sensitivity of 
Ramularia field isolates from barley grown in the 2017-18 season. FAR Research Results 2019/20. 

Havis, N.D., Brown, J.K.M, Clemente, G., Frei, P., Malgorzata, J., Kaczmarek, J., Kaczmarek, M., 
Matusinsky, P., McGrann, G.R.D., Pereyra, S., Piotrowska, M., Sgyher, H., Tellier, A and Hess, M. 2015. 
Ramularia collo-cygni  - An emerging pathogen of barley crops. Phytopathology 105 
https://www.researchgate.net/publication/271600635_Ramularia_collo-cygni_-
An_Emerging_Pathogen_of_Barley_Crops 
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The effect of plant population on grain yield and quality of mid-April sown irrigated winter 
feed wheat cultivars at Wakanui 2019-20 

Project code C19-01 

Duration Year 12 of 12 

Author  Rob Craigie 

Location Wakanui, Mid Canterbury 

Funding FAR 

Acknowledgements Eric Watson (trial host), NZ Arable (trial operators), PGG Wrightson Grain 

Key points  

• It is a common perception that cultivars producing fewer tillers than others have a yield
advantage at higher plant populations.

• Overall, in a trial at Wakanui, grain yields for mid-April sown irrigated winter feed wheat
cultivars were similar when sown at three plant populations; 14.7, 14.7 and 14.8 t/ha from
150, 225 and 300 plants/m2, respectively.

• Contrary to the theory that cultivars producing fewer tillers have a greater yield potential at
higher planting densities, ‘LGWU14-5396’ had a similar yield at all plant populations despite
having the lowest number of seed heads.

Background 
Previous FAR research has shown that increasing the wheat plant population above approximately 
150 to 200 plants/m2 does not result in a higher grain yield (Craigie et al. 2015). However, it is 
commonly perceived that cultivars producing fewer tillers than others may have a yield advantage at 
higher plant populations. The aim of this trial was to test the effect of high plant population on grain 
yield and quality of a range of mid-April sown irrigated winter feed wheat cultivars, including some 
that produce relatively low numbers of tillers.  

Methods 
A trial was established on an irrigated, high-yield potential Wakanui silt loam site at Wakanui. The 
trial was a randomised complete block design with four replicates. There were three plant 
populations by five feed wheat cultivar treatments. Plots were established on 15 April, 2019, using a 
disc-type plot drill sowing 9 rows at a 15 cm spacing. The plot size was 12 m x 1.65 m. The overall 
management of the trial was standard for all treatments (Appendix 1). The trial was harvested on 28 
February, 2020, with a Sampo® plot combine with onboard weighing and moisture testing 
equipment. 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 (g), test weight (specific weight kg/hL) and protein (%) (NIR). The grain yield and quality 
were analysed using standard ANOVA procedure.  

Results and Discussion 
There was no yield advantage in establishing a higher plant population than 150 plants/m2 for any 
April-sown feed wheat cultivar in this trial (Table 1). Grain yields were similar at 14.7 to 14.8 t/ha for 
all plant population treatments.  

‘LGWU14-5396’ had the lowest average head population of the cultivars/numbered lines (555 
heads/m2 compared to the mean for all cultivars of 685 heads/m2) when sown at the standard 
sowing rate of 150 plants/m2, indicative of producing the fewest tillers of all those tested (Table 1). It 
was also amongst the highest yielding of the cultivars/numbered lines in the trial at this population 
density. However, contrary to the theory that a cultivar producing fewer tillers would have a yield 
benefit at higher planting densities, ‘LGWU14-5396’ had a similar yield at all plant populations.  
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Table 1. The effect of plant population on the head population and grain yield of five feed wheat 
cultivars at Wakanui in the 2019-20 season.  

Cultivar/ 
numbered 
line 

Planting population (plants/m2) 

150 225 300 

Heads/m2 Yield (t/ha) Heads/m2 Yield (t/ha) Heads/m2 Yield (t/ha) 

Graham 678 14.1 682 14.3 573 14.4 

LGWU14-5396 555 15.4 555 15.0 555 15.4 

LGWU14-8597 640 14.7 570 15.0 620 15.1 

Reflection 777 14.0 500 14.4 517 14.1 

Wakanui 773 15.2 625 14.8 687 14.8 

Mean 685 14.7 586 14.7 590 14.8 

P value Cultivar <0.001 <0.001 

Population <0.001 <0.857 

Cultivar x Pop. <0.001 0.377 

LSD (p=0.05) Cultivar 45.5 0.32 

Pop. 35.2 

Cultivar x Pop. 78.8 

CV (%) 2.7 

Table 2. The effect of plant population on the quality of five feed wheat cultivars at Wakanui in the 
2019-20 season. 

Cultivar 
Population 
(plants/m2) 

Screen 
(%) 

TGW 
(g) 

Test Weight 
(kg/hl) 

Protein 
(%) 

Graham 150 0.3 59.8 79.2 9.8 

Graham 225 0.3 58.1 79.3 9.7 

Graham 300 0.3 59.4 79.1 9.8 

LGWU14-5396 150 0.3 63.6 79.2 10.3 

LGWU14-5396 225 0.4 61.9 79.3 10.3 

LGWU14-5396 300 0.4 62.1 79.0 10.3 

LGWU14-8597 150 0.3 58.6 79.6 10.3 

LGWU14-8597 225 0.4 58.4 79.7 10.4 

LGWU14-8597 300 0.4 57.7 79.6 10.4 

Reflection 150 0.9 52.6 80.7 9.9 

Reflection 225 1.2 53.3 80.6 9.7 

Reflection 300 1.0 52.1 80.7 9.8 

Wakanui 150 0.4 54.3 80.5 10.0 

Wakanui 225 0.4 54.4 80.5 10.1 

Wakanui 300 0.3 53.6 80.7 10.2 

Mean 0.5 57.3 79.8 10.1 

P value <0.001 <0.001 *** <0.001 

LSD (p=0.05) 0.2 2.1 0.2 

***not significant 
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The cv. Reflection had higher than average screenings (1.0%) and lower thousand grain weight (TGW) 
(52.7 g) (Table 2), but grain quality traits were generally very consistent across different planting 
populations for all cultivars and numbered lines. Grain quality traits in ‘LGWU14-5396’ were 
unaffected by higher planting densities. 

Summary 
This irrigated field experiment examined if feed wheat cultivars that tiller less have a grain yield 
advantage with planting populations above 150 plants/m2. There were three plant populations of 
150, 225 and 300 plants/m2 and five feed wheat cultivars including three commercial cultivars and 
two pre-commercial cultivars. The pre-commercial cultivars are thought to have a lower tillering 
characteristic, but grain yield did not increase above an average yield of 14.7 t/ha for the 150 
plants/m2 treatments with higher plant populations for any of the cultivars. Thus, this trial dispelled 
the theory that feed wheat cultivars that tiller less have a grain yield advantage with high planting 
and reinforced that current commercial practice of establishing plant populations of about 150 
plants/m2 for March/April sown feed wheat will give maximum yields and populations.  

References 
Craigie, R A, Brown, H E, and George, M (2015). Grain yield of winter feed wheat in response to 
sowing date and sowing rate. Agronomy New Zealand 45, Pages 1-8.  

Appendix 1. Trial inputs 

Base fertiliser:    Not supplied 

Spring N Fertiliser:    295 kg N/ha as liquid N 

Herbicides/Insecticides/Fungicide/PGR: 23.03.18: Firebird® (0.5 L/ha) 

  23.04.18: Hussar® (150 g/ha) + Hasten® + Transform™ (100 
mL/ha) 

   18.05.18: Transform™ (100 mL/ha) 

   10.06.18: Kaiso™ (20 g/ha) + Pirimor® (100 g/ha) 

  19.07.18: Rexade™ (100 g/ha) + Moddus (100 mL/ha) +  

       Kaiso (200 g/ha) 

  15.08.18: Chlormequat chloride (1.25 L/ha) + Moddus® (0.2 
L/ha) 

   15.08.18: Proline® (0.8 L/ha) + Phoenix® (1.5 L/ha) 

  12.09.18: Chlormequat chloride (1.25 L/ha) + Moddus® (0.2 
L/ha) 

   14.09.18: Opus® (1.0 L/ha) + Phoenix® (1.5 L/ha) 

Harvest Date:    13.02.19  
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Grain yield of irrigated winter feed wheat cultivars in response to sowing date 
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Acknowledgements David Birkett (trial host), Cropmark Seeds 

Key points  

• Under irrigation, grain yields decreased with drilling earlier than late April.

• The highest grain yield of 17.7 t/ha was from the pre-commercial cultivar ‘LGWU14-5396’
when sown on 24 April.

Background 
Previous trials (Cereal Update 209) have shown that bringing the sowing date forward from late 
March results in lower wheat grain yields. These trials were with late maturing high-yielding 
commercial wheat cultivars, ‘Wakanui’ and ‘Inferno’, which are considered well adapted for early 
sowing. However, they do have some characteristics that are not ideal for this scenario: 1. they are 
tall and cv. Wakanui in particular is susceptible to Septoria tritici blotch. More intensive disease and 
lodging management inputs for these cultivars, used in an attempt to overcome these 
characteristics, have not resulted in higher yields from very early sowing dates. Thus, it was decided 
to change our approach and identify superior adapted germplasm for early drilling and higher yields. 

Over the last three seasons, seed companies have provided FAR with feed wheat lines that are 
adapted to early sowing to test them against the commercial standard cultivar ‘Wakanui’. The best of 
these were selected for this sowing date trial.  

Methods 
This trial was established on a high yield potential Temuka silt loam at Leeston. The trial was a split 
plot design with sowing date as the main plots and cultivar as the sub plots. There were three sowing 
dates (21 March, 4 April and 24 April, 2019) and five wheat cultivars (‘Graham’, ‘Reflection’, 
‘Wakanui’ and two numbered lines ‘LGWU14-5396’ and ‘LGWU14-8597’), replicated 4 times. The 
earliest sowing date was delayed a week due to machinery breakdown. Plots were established using 
a disc type plot drill sowing 10 rows at a 12 cm spacing. The plot size was 12 m x 1.5 m. The trial was 
sprayed for pests and diseases as per the management of the paddock. Some early applications of 
fungicide, herbicide, insecticide and plant growth regulator were specific to each time of sowing.  

The trial was harvested on 4 February 2020 with a Sampo® plot combine with onboard weighing and 
moisture testing equipment. Quality testing for the trial was performed by New Zealand GrainLab, 
including: screenings (%) (2.0mm Rota-screen), thousand grain weight (TGW) (g), test weight (Sp. Wt) 
(kg/hl), and protein (%) (NIR). The grain yield and quality were analysed using standard ANOVA 
procedure.  

Results and Discussion 
There was no interaction between cultivar and time of sowing in this trial (p=0.136) (Table 1). Yield 
was greater for all cultivars using an increasingly later sow date; from an average of 13.5 t/ha at the 
21 March sow date to 16.7 t/ha when sown on 24 April, 2019 (Table 1). This result was counter to 
many feed wheat sow date trials where the yield has been similar for late March to mid-April sow 
dates (Cereal Update 209). The reason for this result was unknown.  
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The cultivars established well at each sow date with an average plant population of 140 plants/m2. 
However, the mean head population was lower for the crop sown in late March (384 heads/m2) than 
the later sow dates (445 to 455 heads/m2) (Table 2). The low head population (384 heads/m2) would 
almost certainly have contributed to the lower yield from the early sow date. 

The objective of this trial was to identify cultivars that are well adapted to early sowing. All of the 
cultivars had higher yields than standard cv. Wakanui at the March sow date (Table 1), showing that 
progress is being made in selecting higher yielding cultivars for early sowing. ‘Reflection’ performed 
the best when sown in March. However, the standout yield of 17.7 t/ha in this trial was with 
‘LGWU14-5396’ when sown on 24 April.  

Grain quality was satisfactory for all treatments (Table 3). 

Summary 
This trial investigated if selected late maturing wheat cultivars have increased yield potential from 
sowing dates earlier than current commercial practice. There were three sowing dates (21 March, 4 
April and 24 April 2019) and five wheat cultivars (‘Graham’, ‘Reflection’, ‘Wakanui’ and two pre-
commercial lines ‘LGWU14-5396’ and ‘LGWU14-8597’). Grain yield increased from an average of 13.5 
t/ha at the 21 March sow date to 16.7 t/ha when sown on 24 April. This is an unexpected result as 
usually earlier sown crops have more time to tiller with a resulting higher head population. It is also 
unexplained and different from many earlier trials where yields have been similar from late March to 
late April sow dates. 

References 
FAR Cereal Update 209, 2017, 20x2020: Yield of winter feed wheat in response to sowing date. 

Table 1. The effect of sowing date on the grain yield (t/ha) of five feed wheat cultivars at Leeston in 
the 2019-20 season.  

Cultivar Sow date 

21 March 4 April 24 April Mean 

Graham 13.5 15.4 16.8 15.2 

LGWU14-5396 13.9 16.4 17.7 16.0 

LGWU14-8597 13.7 14.7 16.6 15.0 

Reflection 14.5 15.5 16.8 15.6 

Wakanui 11.9 14.0 15.6 13.8 

Mean 13.5 15.2 16.7 

P value Cultivar <0.001 

Time of sowing <0.001 

Cultivar x Time of sowing 0.136 

LSD (p=0.05) Cultivar 0.49 

Time of sowing 0.37 

Cultivar x Time of sowing 0.81 

CV (%) 3.8 

Note: Yellow indicates the cultivars or sow dates that were amongst those that produced the 
greatest seed yield. 
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Table 2. The effect of sowing date on the head population (heads/m2) of five feed wheat cultivars at 

Leeston in the 2019-20 season.  

Cultivar 
Sow date 

21 March 4 April 24 April Mean 

Graham 573 698 723 665 

LGWU14-5396 587 643 676 636 

LGWU14-8597 623 773 680 692 

Reflection 667 693 741 700 

Wakanui 618 755 815 729 

Mean 614 713 727 685  
    

P value  Cultivar 0.002 
 

 Time of sowing <0.001 
 

 Cultivar x Time of sowing 0.043 
 

LSD (p=0.05)  Cultivar 45 
 

 Time of sowing 35 
 

 Cultivar x Time of sowing 78 
 

Note: Yellow indicates the sow dates and cultivars that were amongst those that produced the 
greatest head populations. 

 

Table 3. The effect of sowing date on grain yield and quality of five feed wheat cultivars at Wakanui 
in the 2019-20 season. 

Treatment no. Time of sowing Cultivar Screen (%) TGW (g) Test weight (kg/hl) 

1 21 March Graham 1.0 41.8 76.6 

2 21 March LGWU14-5396 0.6 49.3 78.9 

3 21 March LGWU14-8597 0.7 54.9 77.9 

4 21 March Reflection 1.7 41.6 73.6 

5 21 March Wakanui 1.5 37.7 71.3 

6 4 April Graham 1.3 43.3 76.1 

7 4 April LGWU14-5396 0.9 40.4 65.5 

8 4 April LGWU14-8597 1.5 45.1 76.1 

9 4 April Reflection 1.6 43.5 73.2 

10 4 April Wakanui 0.7 45.9 78.8 

11 24 April Graham 0.6 49.3 78.9 

12 24 April LGWU14-5396 1.0 50.5 75.5 

13 24 April LGWU14-8597 1.4 44.4 73.6 

14 24 April Reflection 1.6 44.9 73.0 

15 24 April Wakanui 0.9 52.1 79.8 

  Mean 1.1 45.6 75.3 

TGW, thousand grain weight  
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Appendix 1. Trial Inputs 

1. Fertiliser
Sow date Date Urea (kg N/ha) 
SD1 21-Mar 27.09.19 50 

18.10.19 50 
01.11.19 50 

SD2 4-Apr 09.10.19 50 
22.10.19 50 
01.11.19 50 

SD3 24-Apr 22.10.19 50 
01.11.19 50 
08.11.19 50 

2. Herbicides/insecticides/fungicides/PGR
Sow date Date Product
SD1 21-Mar 21.03.19 Firebird® 0.5 L/ha + Gardoprim® 0.5 L/ha 

03.05.19 Karate® Zeon 40 mL/ha 
09.08.19 Moddus® 0.2 L/haha + Cycocel® 1.0 L/ha + Stellar® 1.0 L/ha + Karate® 

Zeon 20 mL/ha 
19.09.19 Seguris Flexi® 0.6 L/ha + Proline® 0.6 L/ha + Phoenix® 1.5 L/ha + 

Cycocel® 1.25 L/ha 
17.10.19 Phoenix® 1.5 L/ha + Stellar® 0.5 L/ha + Proline® 0.4 L/ha + Seguris Flexi® 

0.6 L/ha 
13.11.19 Comet® 0.5 L/ha + Proline® 0.4 L/ha 
05.12.19 Prosaro® 0.7 L/ha + Amistar® 0.3 L/ha 

SD2 4-Apr 04.04.19 Firebird® 0.5 L/ha + Gardoprim® 0.5 L/ha 
03.05.19 Karate® 40mL/ha 
28.08.19 Moddus® 0.2 L/ha + Cycocel® 1.0 L/ha + Stellar® 1.0 L/ha + Karate® Zeon 

20 mL/ha 
27.09.19 Seguris Flexi® 0.6 L/ha + Proline® 0.6 L/ha + Phoenix® 1.5 L/ha + 

Cycocel® 1.25 L/ha 
01.11.19 Phoenix® 1.5 L/ha + Stellar® 0.5 L/ha + Proline® 0.4 L/ha + Seguris Flexi® 

0.6 L/ha 
13.11.19 Comet® 0.5 L/ha + Proline® 0.4 L/ha 
05.12.19 Prosaro® 0.7 L/ha + Amistar® 0.3 L/ha 

SD3 24-Apr 24.04.19 Firebird® 0.5 L/ha + Gardoprim® 0.5 L/ha 
11.06.19 Karate® Zeon 40 mL/ha 
19.09.19 Moddus® 0.2 L + Cycocel® 1.0 L/ha + Stellar® 1.0 L/ha + Karate® Zeon 

20mL/ha 
09.10.19 Seguris Flexi® 0.6 L/ha + Proline® 0.6 L/ha + Phoenix® 1.5 L/ha + 

Cycocel® 1.25 L/ha 
08.11.19 Phoenix® 1.5 L/ha + Stellar® 0.5 L/ha + Proline® 0.4 L/ha + Seguris Flexi® 

0.6 L/ha 
05.12.19 Prosaro® 0.7 L/ha + Amistar® 0.3 L/ha 

3. Irrigation
None 
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Winter wheat fungicide programmes on three cultivars under irrigated and dryland 
conditions in Mid Canterbury, South Canterbury and South Otago 

Project codes C19-08, C19-12, C19-16 

Duration  Year 4 of 4 (2020-21 trials will now be Year 1 of 7 as part of the “Lighter Touch” SFFF 
programme) 

Author Jo Drummond, Lauren McCormick (FAR)  

Locations Chertsey, Mid Canterbury 

St Andrews, South Canterbury 

Clinton, South Otago 

Funding FAR 

Acknowledgements Chertsey: NZ Arable (trial operator); St Andrews: David Scott (trial host), NZ 
Arable NZ Arable (trial operator), Plant Diagnostics; Clinton: Craig Whiteside 
(trial host), Stewart Armstrong (New Zealand Institute for Plant & Food 
Research) (trial operator)  

Key points 

• Cultivar resistance provided a foundation for disease control, with the more resistant
cultivar ‘Reflection’ suffering on average a yield loss of only 0.9 t/ha (10 %) if fungicides
were not applied, whereas yield of the more susceptible cv. Starfire was reduced by 2.7
t/ha (25 %).

• Yield response to fungicide in 2019-20 under low-moderate disease pressure conditions
was lower than in 2018-19, and economic returns were only observed when using
fungicide programmes on more susceptible cultivars.

• In 2019-20, lower disease pressure allowed fungicide programme flexibility, even when
using a variety with a moderately resistant/moderately susceptible (MRMS) rating such
as Starfire.

• These data show how, using cultivar selection, fungicide programmes can be tailored to
seasonal conditions.

• This is important as it allows greater flexibility if spray timings are missed due to adverse
conditions or if yield is limited by dry conditions at key timings.

Background 
The economic impact of Septoria tritici blotch (STB) varies from year to year and between cultivars, 
creating challenges for farmers to effectively control disease in a given field in a given season (FAR  
2020). FAR trials in 2014-15, found cultivar genetic resistance to STB gave greater flexibility when 
making decisions on what fungicide programme and dose to apply. Subsequent irrigated trials under 
high disease pressure conditions showed that while yield response to fungicide was greater for more 
susceptible cultivars, increased cultivar resistance did not allow a reduced fungicide programme 
(FAR 2020). However, trials in the 2018-19 season demonstrated that disease control could be 
largely achieved with the selection of a cultivar that had at least a moderate disease resistance 
rating (FAR 2019). The objective of this trial series was to investigate effective winter wheat disease 
management programmes on three wheat cultivars with different resistance to STB, grown with 
irrigation or under dryland conditions. 

Methods 
The trial design was a randomised complete block with 18 treatments (6 fungicides x 3 cultivars) and 
4 replicates. At St Andrews and Clinton, the trial design included a doubly resolvable row-column 
design (residual maximum likelihood (REML) overlay and consisted of two columns and 36 rows. At 
Chertsey there were 4 columns and 18 rows. The cultivars were ‘Starfire’ (moderately 
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resistant/moderately susceptible - MRMS), ‘Graham’ (moderately resistant – MR) and ‘Reflection’ 
(moderately resistant – MR). Trials were sown on 26 April, 10 April and 30 March, 2019, at Chertsey, 
St Andrews and Clinton, respectively. The trials were sprayed as per the management of the 
paddock, except for fungicides (Tables 1-2).  

At each assessment, 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 Table 1 was from assessment at GS 75-80 in irrigated trials and at 
GS 65 under dryland conditions to avoid confusion with senescence in the irrigated trial at Chertsey. 

Trials were harvested at GS 99 on 27 January and 17 February, 2020, for the dryland and irrigated 
trials at Chertsey and, 31 January and 19 March, 2020, at St Andrews and Clinton, 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. 

Statistical analysis of disease assessments, yield and revenue – fungicide cost was by general ANOVA 
at Chertsey and by REML analysis at St Andrews and Clinton using Genstat® 19th Edition (VSN 
International Ltd, UK). The Chertsey site was sown with the first replication for demonstration 
purposes, which meant REML could be used. 

Results and Discussion 
In the 2019-20 season, average to below-average rainfall and fewer relative humidity events >85% 
through October and November (the period between GS 31 (1st node) and GS 59 (ear emergence) for 
autumn sown wheat in Canterbury), resulted in lower disease pressure than in the 2018 season (FAR 
2019). Average to above-average rainfall and relative humidity in South Otago meant disease 
pressure remained moderate-high in 2019. Despite lower disease pressure in some areas, STB 
developed to reach moderate-high severity across the trials. In 2019, above-average yields were 
recorded in Canterbury trials (Table 1). This was driven by average temperatures and above-average 
solar radiation through the grain fill period. Below-average temperatures and solar radiation through 
grain fill limited yields in South Otago (Table 2). 

The 2019-20 wheat cultivar x fungicide trials continued to show disease control could largely be 
achieved by selection of a cultivar with moderate disease resistance, with average yield losses of 
only 0.9 t/ha (10 %) and 1.9 t/ha (18 %) for the moderately resistant cultivars ‘Reflection’ and 
‘Graham’ compared to 2.7 t/ha (25 %) for ‘Starfire’, which is rated as only moderately 
resistant/moderately susceptible, if the crop did not have fungicide applied (Table 3). Cultivar 
selection also provided flexibility in fungicide programme choice. This was demonstrated in the 
Clinton trial, where GS 32 and GS 39 application timings were compromised by challenging weather 
conditions, but the cultivar continued to show limited impact from STB.  

Irrigation can increase disease pressure in crops through increased leaf wetness and humidity in the 
canopy. Thus, yield losses to STB under irrigated conditions were greater than under dryland 
conditions. This was consistent with 2018-19 trial results (FAR 2018, Drummond 2019). 

In all 2019-20 trials, the yield responses to fungicides were lower than in previous years. In crops of 
the moderately resistant cv. Reflection, the use of fungicide programmes increased yield under 
irrigation but this was not always the case in dryland conditions. Furthermore, the economic return 
(calculated as revenue minus fungicide costs) on fungicide application was only observed at Clinton. 
At the remainder of the sites, the economic return for the untreated crop was equal to those from 
treatments receiving fungicide programmes.  
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When growing the moderately resistant cv. Graham, with the exception of the dryland crop at 
Chertsey, fungicide treatment resulted in a significant increase in yield, but the economic returns on 
fungicide application were not always greater than for the untreated control. The lack of return on 
investment in these treatments raises the question of risk, and demonstrates the importance of 
tailoring fungicide programmes to seasonal conditions when using the right cultivar. However, when 
growing the more susceptible cv. Starfire, with the exception of one or two treatments, fungicide 
application resulted in significantly higher yield and economic return (calculated as revenue minus 
fungicide costs) when compared to the untreated control.  

Little or no differences were observed in the yields or economic returns between fungicide 
programmes. Nevertheless, choice of fungicide programme is the foundation of an integrated 
approach to disease management and to fungicide stewardship. Thus, although the addition of the 
multi-site Phoenix® at GS 32 and GS 39 did not reduce disease severity or increase yield or revenue, 
when used in a mixture it can protect other chemistries at higher risk of losing efficacy through the 
emergence of insensitivity in pathogen populations (i.e. the succinate dehydrogenase inhibitor 
(SDHI) fungicides. The ability of Phoenix® to protect the efficacy of SDHIs is important and needs to 
be considered alongside the profitability of the programme, as there are increasing concerns that 
SDHIs are losing efficacy overseas. 

Grain quality measurements in all trials found screenings (grain >2mm) were highest for the 
untreated and for cv. Reflection (Tables 4 and 5). Thousand seed weight and bulk density (specific 
weight) were lowest in the untreated treatments, with few differences between fungicide 
treatments, indicating that grain quality was not affected by choice in fungicide programme.  

Summary 
Consistent with previous trials, three trials in autumn sown wheat at Chertsey, St Andrews and 
Clinton in 2019-20 showed yield loss was less for a STB-resistant cultivar, than for two more 
susceptible cultivars, if fungicides were not applied. The Clinton trial also demonstrated how 
moderately resistant cultivars can offer greater flexibility to farmers: they have less potential yield 
loss to disease if fungicide timings are not optimal due to the lack of spray windows. Thus, these 
trials confirmed that cultivar is at the foundation of an integrated STB management programme. 

These trials also demonstrated that cultivar selection under low-moderate disease pressure, can 
achieve a balance between effective disease control, resistance management and economic returns, 
by reducing the reliance on fungicides under these conditions. Certainly, more STB-resistant cultivars 
required lower fungicide inputs than more susceptible cultivars to achieve strong economic returns, 
reducing the chemical footprint of the crop while maintaining profitability.   
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Table 1. Disease severity, grain yield and fungicide revenue – cost for autumn sown wheat cultivars with different Septoria tritici blotch (STB) ratings* under irrigated 
and dryland conditions at Chertsey in 2019-20, following application of different fungicide programmes.  

Growth Stage (GS) and fungicide treatment (L/ha) 
Irrigated Dryland 

Cultivar LAA 
by STB 

(%)1 

Yield 
(t/ha) 

Revenue 
- cost

($/ha)

LAA 
by STB 

(%)1 

Yield 
(t/ha) 

Revenue 
- cost

($/ha)
GS30-31 GS32 GS39 GS65 

Starfire Untreated 51.4 8.5 3382 51.8 6.8 2707 

Starfire - Prosaro® (1.0) Adexar® (0.62) + Opus® (0.45) Opus® (0.25) + Amistar® (0.25) 25.5 12.8 4948 30.6 7.9 2970 

Starfire - Proline® (0.6) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 18.6 13.0 4949 20.8 7.6 2806 

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

Opus® (0.75) + Comet® (0.4) 16.9 12.7 4773 28.4 7.5 2704 

Starfire - Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 12.6 13.1 4954 15.4 7.9 2883 

Starfire Opus® (1.0) Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 6.5 13.3 4989 13.1 8.1 2948 

Graham Untreated 25.2 10.0 4011 32.1 7.1 2825 

Graham - Prosaro® (1.0) Adexar® (0.62) +Opus® (0.45) Opus® (0.25) + Amistar® (0.25) 19.0 13.5 5203 25.3 7.8 2936 

Graham - Proline® (0.6) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 18.0 13.9 5309 18.6 7.9 2919 

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

Opus® (0.75) + Comet® (0.4) 17.2 14.0 5293 21.4 7.8 2808 

Graham - Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 9.0 14.1 5373 15.8 7.7 2801 

Graham Opus® (1.0) Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 10.0 13.9 5255 9.3 7.8 2816 

Reflection Untreated 13.7 12.2 4894 11.1 7.3 2907 

Reflection - Prosaro® (1.0) Adexar® (0.62) +Opus® (0.45) Opus® (0.25) + Amistar® (0.25) 12.1 13.1 5046 9.1 7.3 2731 

Reflection - Proline® (0.6) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 10.4 13.0 4957 7.5 7.5 2747 

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

Opus® (0.75) + Comet® (0.4) 8.8 13.0 4913 5.4 7.5 2694 

Reflection - Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 5.8 13.2 5012 5.2 7.6 2766 

Reflection Opus® (1.0) Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 3.5 13.3 4969 2.6 8.0 2880 

Mean 15.8 12.8 4902 18.0 7.6 2825 

P value <0.001 <0.001 <0.001 <0.001 0.5 0.5 

LSD (p=0.05) 5.4 0.6 227 5.3 0.6 255 

CV (%) 3.1 5.9 

Note: Yellow indicates the treatments that were amongst those that produced the greatest seed yield or revenue - cost. 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); Aviator Xpro® (a.i. 75 g/L bixafen and 150 g/L prothioconazole, Group 3 and 7 
fungicides); Comet®(a.i. 250 g/L pyraclostrobin, Group 11 fungicide); 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 fungicide). 1LAA by STB (%), percent leaf area 
affected by STB. Irrigated disease was assessed on the top three leaves at GS 75-80, dryland disease assessed on leaves 3-4 at GS 65. Cultivar STB resistance rating: Starfire 
(moderately resistant/moderately susceptible - MRMS), Graham (moderately resistant – MR) and Reflection (moderately resistant – MR) 
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Table 2. Disease severity, grain yield and fungicide revenue – cost for autumn sown wheat cultivars with different STB ratings under dryland conditions at St Andrews, 
South Canterbury and Clinton, South Otago in 2019-20, following application of different fungicide programmes.  

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

Clinton St Andrews 

LAA 
by STB 

(%)1 

Yield 
(t/ha) 

Revenue 
- cost

($/ha)

LAA 
by STB 

(%)1 

Yield 
(t/ha) 

Revenue 
- cost

($/ha)
GS30-31 GS32 GS39 GS65 

Starfire Untreated 82.4 8.5 3396 98.2 8.5 3410 

Starfire - Prosaro® (1.0) Adexar® (0.62) + Opus® (0.45) Opus® (0.25) + Amistar® (0.25) 33.4 10.2 3907 82.8 10.5 4039 

Starfire - Proline® (0.6) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 31.6 10.9 4118 84.1 10.3 3884 

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

Opus® (0.75) + Comet® (0.4) 31.2 10.7 3970 54.8 10.7 3972 

Starfire - Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 22.0 10.7 4032 71.0 10.7 4007 

Starfire Opus® (1.0) Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 21.2 10.8 3993 63.5 10.9 4036 

Graham Untreated 44.3 11.2 4478 85.2 10.3 4137 

Graham - Prosaro® (1.0) Adexar® (0.62) +Opus® (0.45) Opus® (0.25) + Amistar® (0.25) 13.1 12.1 4658 56.5 11.5 4402 

Graham - Proline® (0.6) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 14.1 12.2 4621 37.4 11.8 4466 

Graham - ® (0.6) + Phoenix® (1.5)
Adexar® (1.0) + Opus® (0.25) + 
Phoenix® (1.5) 

Opus® (0.75) + Comet® (0.4) 11.7 12.3 4316 11.9 11.8 4405 

Graham - Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 12.9 12.3 4647 27.1 11.9 4509 

Graham Opus® (1.0) Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 14.8 12.0 4491 16.6 11.8 4425 

Reflection Untreated 35.8 10.4 4160 54.6 10.3 4128 

Reflection - Prosaro® (1.0) Adexar® (0.62) +Opus® (0.45) Opus® (0.25) + Amistar® (0.25) 18.7 11.3 4347 35.5 10.4 3979 

Reflection - Proline® (0.6) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 23.2 10.9 4112 17.0 10.6 3984 

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

Opus® (0.75) + Comet® (0.4) 15.0 11.3 4203 12.2 10.5 3915 

Reflection - Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 13.0 11.2 4208 16.9 10.7 4003 

Reflection Opus® (1.0) Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 15.4 11.9 4450 11.5 10.8 3990 

Mean 25.1 11.2 4245 46.5 10.8 4095 

P value <0.001 0.009 0.009 <0.001 <0.001 <0.001 

LSD (p=0.05) 9.7 0.6 258 20.7 0.5 179 

CV (%) 3.9 2.9 

Note: Yellow indicates the treatments that were amongst those that produced the greatest seed yield or revenue - cost. 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); Aviator Xpro® (a.i. 75 g/L bixafen and 150 g/L prothioconazole, Group 3 and 7 fungicides); 
Comet®(a.i. 250 g/L pyraclostrobin, Group 11 fungicide); 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 fungicide). 1LAA by STB (%), percent leaf area affected by STB. Irrigated 
disease was assessed on the top three leaves at GS 75-80, dryland disease assessed on leaves 3-4 at GS 65. Cultivar STB resistance rating: Starfire (moderately resistant/moderately 
susceptible - MRMS), Graham (moderately resistant – MR) and Reflection (moderately resistant – MR). Disease assessed on the top three leaves (% leaf area affected) GS 83-85 at St 
Andrews and GS 75-80 at Clinton. 
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Table 3. Maximum yield loss (t/ha) without fungicide in cultivar x fungicide programme trials in 2019-20. 

Cultivar 
(resistance rating) 

Chertsey 
(irrigated) 

Chertsey 
(dryland) 

St Andrews 
(dryland) 

Clinton 
(dryland) 

Mean 
(all trials) 

Starfire (MRMS) 4.8 1.3 2.3 2.4 2.7 

Graham (MR) 4.1 0.8 1.6 1.1 1.9 

Reflection (MR) 1.0 0.7 0.4 1.5 0.9 
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Table 4. Grain quality measurements for autumn sown wheat cultivars with different STB ratings, under irrigated and dryland conditions at Chertsey in 2019-20, 
following application of different fungicide programmes. 

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

Irrigated Dryland 

Screenings 
(%) 

TSW 
(g) 

Specific 
weight 

(kg/hL) 

Screenings 
(%) 

TSW 
(g) 

Specific 
weight 

(kg/hL) 
GS30-31 GS32 GS39 GS65 

Starfire Untreated 1.8 37.6 73.8 2.0 34.7 74.7 

Starfire - Prosaro® (1.0) Adexar® (0.62) + Opus® (0.45) Opus® (0.25) + Amistar® (0.25) 1.1 49.3 79.2 1.4 36.4 75.5 

Starfire - Proline® (0.6) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 0.9 49.8 79.1 1.8 35.6 75.0 

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

Opus® (0.75) + Comet® (0.4) 1.2 50.1 79.4 1.4 35.4 75.1 

Starfire - Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 1.0 50.0 79.4 1.6 35.3 75.9 

Starfire Opus® (1.0) Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 1.0 50.1 79.6 1.6 36.9 76.1 

Graham Untreated 1.2 40.2 73.3 1.4 32.0 70.6 

Graham - Prosaro® (1.0) Adexar® (0.62) +Opus® (0.45) Opus® (0.25) + Amistar® (0.25) 0.8 51.6 77.6 1.2 34.3 72.2 

Graham - Proline® (0.6) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 0.7 52.8 77.9 1.3 34.0 72.2 

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

Opus® (0.75) + Comet® (0.4) 0.7 53.0 78.0 1.2 33.4 71.9 

Graham - Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 0.7 52.6 78.0 1.2 33.5 71.8 

Graham Opus® (1.0) Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 0.7 53.0 78.1 1.2 33.6 71.6 

Reflection Untreated 2.0 46.0 78.2 2.4 33.1 70.2 

Reflection - Prosaro® (1.0) Adexar® (0.62) +Opus® (0.45) Opus® (0.25) + Amistar® (0.25) 1.7 47.7 78.7 2.5 33.4 71.1 

Reflection - Proline® (0.6) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 1.7 47.8 79.0 2.0 33.7 72.0 

Reflection - Proline® (0.6) + Phoenix® (1.5) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 1.7 48.6 79.1 2.2 34.2 71.9 

Reflection - Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 2.0 47.8 79.3 2.3 34.6 72.5 

Reflection Opus® (1.0) Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 1.8 47.8 78.7 2.2 35.9 73.6 

Mean 1.2 48.6 78.1 1.7 34.4 73.0 

P value 0.1 <0.001 <0.001 0.2 0.5 0.4 

LSD (p=0.05) 0.3 1.6 0.7 0.3 1.9 1.6 

CV (%) 18.5 2.4 0.6 12.4 3.8 1.6 

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); Aviator Xpro® (a.i. 75 g/L bixafen 
and 150 g/L prothioconazole, Group 3 and 7 fungicides); Comet®(a.i. 250 g/L pyraclostrobin, Group 11 fungicide); 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 fungicide). 
1LAA by STB (%), percent leaf area affected by STB. Irrigated disease was assessed on the top three leaves at GS 75-80, dryland disease assessed on leaves 3-4 at GS 65. Cultivar STB 
resistance rating: Starfire (moderately resistant/moderately susceptible - MRMS), Graham (moderately resistant – MR) and Reflection (moderately resistant – MR). 
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Table 5. Grain quality measurements for autumn sown wheat cultivars with different STB ratings under dryland conditions at Clinton and St Andrews in 2019-20, 
following application of different fungicide programmes. 

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

Clinton St Andrews 

Screenings 
(%) 

TSW 
(g) 

Specific 
weight 

(kg/hL) 

Screenings 
(%) 

TSW 
(g) 

Specific 
weight 

(kg/hL) 
GS30-31 GS32 GS39 GS65 

Starfire Untreated 0.6 39.6 75.5 2.1 44.5 75.2 

Starfire - Prosaro® (1.0) Adexar® (0.62) + Opus® (0.45) Opus® (0.25) + Amistar® (0.25) 1.0 46.6 77.7 1.6 48.4 78.3 

Starfire - Proline® (0.6) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 0.9 47.0 78.1 1.7 48.2 78.3 

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

Opus® (0.75) + Comet® (0.4) 1.3 47.8 78.0 1.7 48.9 79.0 

Starfire - Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 1.0 48.0 77.8 1.5 48.7 78.6 

Starfire Opus® (1.0) Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 1.0 47.8 77.8 1.5 49.1 78.8 

Graham Untreated 1.6 52.6 76.6 0.8 49.0 75.5 

Graham - Prosaro® (1.0) Adexar® (0.62) +Opus® (0.45) Opus® (0.25) + Amistar® (0.25) 1.4 55.0 77.1 0.9 51.9 77.9 

Graham - Proline® (0.6) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 1.1 56.4 76.8 0.6 51.0 78.3 

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

Opus® (0.75) + Comet® (0.4) 0.8 54.1 77.4 0.6 51.4 78.0 

Graham - Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 1.0 55.1 77.6 0.6 51.9 79.0 

Graham Opus® (1.0) Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 1.0 55.1 77.4 0.7 52.1 78.3 

Reflection Untreated 2.5 45.1 77.2 2.0 47.0 74.6 

Reflection - Prosaro® (1.0) Adexar® (0.62) +Opus® (0.45) Opus® (0.25) + Amistar® (0.25) 1.9 47.5 78.5 2.1 48.0 76.3 

Reflection - Proline® (0.6) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 2.3 47.1 78.2 2.0 48.3 76.5 

Reflection - Proline® (0.6) + Phoenix® (1.5) Adexar® (1.0) + Opus® (0.25) + Opus® (0.75) + Comet® (0.4) 2.1 49.1 78.8 2.0 48.0 76.7 

Reflection - Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 1.9 48.4 78.9 1.9 48.1 76.6 

Reflection Opus® (1.0) Aviator Xpro® (1.0) Adexar® (1.0) + Opus® (0.25) Opus® (0.75) + Comet® (0.4) 2.2 47.4 78.2 1.9 49.5 77.1 

Mean 1.4 50.1 77.6 1.4 49.2 77.4 

P value 0.5 <0.001 0.2 <0.001 <0.001 <0.001 

LSD (p=0.05) 0.8 1.9 1.0 0.5 1.7 1.1 

CV (%) 38.6 2.7 0.9 22.6 2.5 1.0 

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); Aviator Xpro® (a.i. 75 g/L bixafen 
and 150 g/L prothioconazole, Group 3 and 7 fungicides); Comet®(a.i. 250 g/L pyraclostrobin, Group 11 fungicide); 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 fungicide). 
1LAA by STB (%), percent leaf area affected by STB. Irrigated disease was assessed on the top three leaves at GS 75-80, dryland disease assessed on leaves 3-4 at GS 65. Cultivar STB 
resistance rating: Starfire (moderately resistant/moderately susceptible - MRMS), Graham (moderately resistant – MR) and Reflection (moderately resistant – MR). Disease assessed 
on the top three leaves (% leaf area affected) GS 83-85 at St Andrews and GS 75-80 at Clinton.
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Second year winter wheat cultivars in South Canterbury 

Project code C19-09 

Duration  Year 1 of 3 

Author  Jo Drummond (FAR)  

Location  Hook, South Canterbury 

Funding FAR 

Acknowledgements Guy Wigley (trial host), NZ Arable (trial operator) 

Key points 

• Low disease pressure conditions, coupled with average temperatures and above average
solar radiation through grain fill, resulted in above average yields in South Canterbury
cultivar performance trials.

• Of 17 second-year winter feed wheat cultivars sown in April 2019, the highest yielding group
of cultivars included ‘SY114257’, ‘Firelight’, ‘KWW78’ (‘Voltron’) and ‘Starfire’.

• This trial needs to be repeated to obtain more robust data, as the results represent one trial
at one site and in one season.

Background 
Previous FAR research has shown that not all cultivars that perform well as first-year wheats are 
suited to a second-year sowing. In first-year CPT trials, the highest yielding cultivars were ‘SY114257’, 
‘CK121’ (‘Kerrin’), ‘Graham’ and ‘KWW78’ (‘Voltron’) with irrigation and cultivars ‘Firelight’ and 
‘CRWT245’ under dryland conditions (FAR 2020). The cultivars ‘Gator’, ‘Starfire’ and ‘KWW78’ were 
the highest yielding cultivars in a second-year wheat cultivar trial with irrigation at Mayfield in 2018. 
The trial was moved to a South Canterbury dryland environment in 2019 to better reflect the number 
of growers sowing second-year wheat. The objective of this trial was to evaluate yield in a range of 
second-year wheat cultivars under dryland conditions. 

Methods 
The dryland trial design was a randomised complete block design with 17 treatments and 4 
replicates. The design included a doubly resolvable row-column design (residual maximum likelihood 
(REML) overlay). There were 2 columns and 35 rows. The trial was sown on 10 April, 2019, into a 
moderately deep Claremont silt loam. The surrounding cultivar was ‘Starfire’. Overall management of 
the trial was standard for all treatments.  

The trial was harvested on 25 February, 2020, with a Sampo® small plot combine with onboard 
weighing and moisture testing equipment. 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 (g) and test weight (Sp. Wt) (kg/hL).  

Statistical analysis of yield and quality was by REML using Genstat® 19th Edition (VSN International 
Ltd, UK). 

Results and Discussion 
Low disease pressure coupled with average temperatures and above average solar radiation through 
grain fill resulted in above average yields in cultivar trials throughout Canterbury. There were no 
differences in plant population at crop emergence (Table 1). The highest yielding group of cultivars 
included ‘SY114257’, ‘KWW78’ (‘Voltron’), ‘Firelight’ and ‘Starfire’, which had average yields of over 
11 t/ha. Top performing first-year cultivars ‘CK121’ (‘Kerrin’) and ‘CRWT245’ were in the second 
highest yielding group of cultivars. ‘CRWT245’ is a new early season milling wheat; 2019 was its first 
season in CPT and second-year wheat trials.  

The cultivar ‘Torch’ had the highest percentage of screenings. No take-all symptoms were observed 
in this trial.  
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Table 1. Plant population at establishment, yield, screenings, thousand grain weight and test weight 
of second year winter wheat cultivars at Hook, South Canterbury in the 2019-20 season. 

Cultivar Plants/m2 
Yield 
(t/ha) 

Screenings 
(%) 

TGW 
(g) 

Test weight 
(kg/hL) 

Empress 110 10.13 0.89 46.16 72.22 

Firelight 132 11.06 1.59 46.72 68.97 

Gator 110 10.45 0.68 50.70 74.40 

Graham 117 10.58 0.72 49.33 74.31 

Ignite 119 10.40 0.81 50.00 73.33 

Reflection 123 9.57 1.65 47.06 73.94 

Ruapuna 129 10.94 0.88 47.06 72.20 

Starfire 124 11.05 0.70 48.81 75.45 

Torch 110 10.23 2.70 48.30 73.21 

Wakanui 136 10.02 0.45 49.38 75.20 

CK121 (Kerrin) 121 10.95 1.49 50.14 73.76 

CRWT233 119 9.40 0.92 47.85 74.10 

CRWT245 124 11.00 0.55 48.74 74.09 

CRWT246 122 10.09 0.66 54.90 75.08 

KWW78 (Voltron) 131 11.31 0.68 48.05 75.72 

KWW83 123 9.54 0.62 49.96 71.73 

SY114257 120 11.79 0.78 54.58 74.35 

Mean 122 10.49 0.99 49.29 73.63 

P value 0.1 <0.001 <0.001 <0.001 <0.001 

LSD (p=0.05) 17 0.78 0.41 2.06 0.74 

CV (%)  5.25    

Note: Yellow indicates the treatments that were amongst those that produced the greatest seed 
yield. 

Summary 
This dryland field trial evaluated a range of second-year wheat cultivars and identified a group of 
cultivars including ‘SY114257’, ‘Firelight’, ‘KWW78’ (‘Voltron’) and ‘Starfire’ which outperformed the 
other cultivars in the trial. A number of these cultivars also performed well under irrigation at 
Mayfield in 2018. However, it is important to note that these dryland results are from one trial at one 
site over one season, and that the trial needs to be repeated over several years to establish which 
cultivars are truly best suited to second-year sowing in South Canterbury. 

References 
FAR 2020. Cereal Cultivar Evaluation. Autumn sown wheat and barley. 
https://www.far.org.nz/assets/files/blog/files//43e42da2-aba5-5b24-ba16-36dc61265b7a.pdf 

36

https://www.far.org.nz/assets/files/blog/files/43e42da2-aba5-5b24-ba16-36dc61265b7a.pdf


The effect of nitrogen on grain yield and quality of milling wheat 
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Duration Year 2 of 2 
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Key points 

• This field experiment investigated the effect of nitrogen (N) on the grain yield and quality of
May sown crops of two milling wheat cultivars, ‘Discovery’ and ‘Griffin’ with or without
irrigation.

• With a low soil mineral N content in spring, and no water limitation, applied N can double
the grain yield.

• Under irrigation, total N (applied N plus soil mineral N) of 300 - 350 kg/ha produced the
maximum yield and greatest economic return for the two milling wheat cultivars.

• Total N between 300 – 350 kg/ha achieved the greatest balance between productivity and
nutrient efficiency indicators.

• On dryland in a dry season (with low yield potential) the optimal total N was 200 kg N/ha.

• Grain return on N added declined at rates over 200 kg/ha, where more N was supplied than
was removed, which has implications for nutrient management in subsequent crops.

• The N required to maximise yield also gave a protein content that met flour milling company
specifications.

• The protein content was not significantly reduced for either cultivar when all of the N was
applied through stem extension without a fourth N application at ear emergence.

• The grain yield was not significantly reduced with the delay in the first N application from
GS30 to GS32.

Background 
In the 2000s, FAR developed guidelines for farmers to enhance yield and quality in milling wheat 
using the application of synthetic nitrogen (N). A series of N response trials on the cultivars ‘Amarok’ 
and ‘Conquest’ were the foundation for these guidelines, but over time these cultivars became less 
popular commercially.   

The 2018-19 trial investigated the effect of N application on the grain yield and quality of two up-to-
date commercial milling wheat cultivars, ‘Griffin’ and ‘Discovery’. ‘Griffin’ is a premium grade milling 
wheat cultivar and ‘Discovery’ is medium grade. This trial followed a similar trial on spring sown 
wheat in 2017-18, which showed that yields were maximised at around a total N (applied plus soil 
mineral N) of 350 kg N/ha under irrigation and 200 – 250 kg N/ha under dryland conditions for the 
cultivars ‘Discovery’ and ‘Reliance’, respectively.  

Nitrogen efficiency indicators were included in the 2019-20 trial. Agronomic nitrogen use efficiency 
has been used to measure how efficiently nitrogen is used by the crop (FAR 2020). Partial Nutrient 
Balance (PNB) is an internationally recognised indicator and is a ratio that quantifies the amount of N 
being removed by the crop relative to the amount supplied (FAR 2020, GRDC 2015). Partial Factor 
Productivity (PFP) measures the efficiency of grain production in relation the N rate used (GRDC 
2015). By becoming familiar with and using these indicators, growers can understand how well 
nitrogen is being managed at a farm level and collectively as a sector. 

Methods 
Plots were established on 9 May, 2019, using a disc-type plot drill sowing 9 rows at a 15 cm spacing. 
The plot size was 10  x 1.65 m. The target plant population was 175 plants/m2. To manage the trial, 
standard commercial practices were used on all treatments except for fertiliser N application 
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(Appendix 1). Soil mineral N for the trial site, measured on 14 August, 2019, was 42 kg N/ha (0 to 60 
cm).  

The trial was a randomised complete block design with four replicates. The treatments were two 
milling wheat cultivars, ‘Griffin’ and ‘Discovery’, by eleven fertiliser treatments (Table 1). There were 
seven N rate treatments that received four N applications (ranging from 23 to 218 kg/ha N), three 
through stem extension (GS 30 to GS 39) and one at ear emergence (GS 59). N was applied as 
ammonium sulphate for the first application and as urea for the remaining applications. Treatments 
eight and 17 tested if an ear emergence application was beneficial, while treatments nine and 18 
tested if the first N application could be delayed until GS 32 without loss of yield. Treatments 10 and 
21 tested if leaving sulphur out of the fertiliser by using urea instead of ammonium sulphate at the 
first application resulted in lower yield. Treatments 11 and 22 tested if applying a product containing 
a combination of micronutrients (YaraVita™ Gramitrel™) at GS 32 and GS 39 increased yield.  

The dryland trial was harvested on 27 January, 2020, and the irrigated trial on 17 February, 2020, 
using a ‘Sampo’ plot combine with onboard weighing and moisture testing equipment. Quality 
testing for the trial was performed by New Zealand GrainLab, including: screenings (%) (2.0 mm Rota-
screen), thousand grain weight TGW (g), test weight (Sp. Wt) (kg/hl) and protein (%) (NIR). The grain 
yield and quality were analysed using standard ANOVA procedure using Genstat® 18th Edition (VSN 
International Ltd, UK). Margin over N cost (MoC) was calculated using the grain price from a 2019-20 
milling wheat contract. Urea price: $1.34/kg N. Ammonium sulphate: $2.50/kg N. 

Nitrogen efficiency indicators were calculated as follows:  

Agronomic NUE (kg N/t grain) = Total N (applied + soil kg/ha) / Grain yield (t/ha) (FAR 2011) 

Partial Nutrient Balance (PNB) = (Yield (kg/ha) * Protein * N in protein)/N in fertiliser (kg/ha) (FAR 
2019) 

Partial Factor Productivity (PNP) (kg grain/ kg N applied) = Yield (kg)/ N in fertiliser (kg/ha) (GRDC 
2015) 

Results and Discussion 
No interaction was observed between cultivar and N in either the irrigated or dryland trial. 

Under irrigation, the average grain yield increased by 90 % when the total N for the crop was 
increased from 42 kg N/ha (soil N) to between 300 - 350 kg/ha and up to 450 kg/ha (including soil 
mineral N) (Figure 1; Table 1). The most efficient use of applied + soil N was between 200 – 250 kg/ha 
for both ‘Griffin’ and ‘Discovery’, with less N required/ t grain, a PNB between 0.7 – 1.0 and PFP in 
the “efficient” range” (Table 1). However, these rates were not economic. The best balance between 
yield production, protein content, economic returns and efficiency indicators (agronomic NUE, PNB 
and PFP) was between 300 – 350 kg/ha.  

Under dryland conditions, grain yield for both cultivars was increased by approximately 25% when 
total N available to the crop was increased from 42 kg N/ha to 200 kg/ha - 350 (including soil mineral 
N) (Figure 1; Table 2). Application of 400 kg/ha or above produced diminishing yields under dryland
conditions. Environmental efficiency indicators were maximised with 200 kg/ha for both ‘Griffin’ and
‘Discovery’. Any yield achieved with greater than 200 kg/ha required more N/ t grain and had low
PFP values, both of which indicate declining grain return on N added. Partial nutrient balance for
these applications also indicated more N was supplied than removed, which is common where water
stress limits yield. This has implications for how subsequent crops are managed.

The yield response to N in the irrigated trial was similar to last season’s trial with cultivars ‘Reliance’ 
and ‘Discovery’ (FAR 2019). It was also similar to three trials with premium grade cv. Conquest and 
six irrigated trials with gristing cv. Amarok conducted in the 2000s when the average optimum total 
N for maximum yield was 330 and 335 kg N/ha, respectively (FAR Cropping Strategies Issue 1, 2011). 

38



The quantity of N required to maximise yield for both the irrigated and dryland trials gave a protein 
content above the minimum acceptable content for both premium and medium grade milling wheat 
cultivars for the flour mill (i.e. above 10.5 % protein for cv. Discovery and 11 % protein for cv. Griffin) 
(Figure 1; Tables 1 and 2). N rates of 400 - 450 kg/ha produced the greatest protein content, but 
were the least environmentally efficient. 

In the irrigated trial, the MoC increased when up to approximately 200 kg/ha N was made available 
to cv. Griffin or up to approximately 300 kg/ha for cv. Discovery (Figure 1; Table 1). Application of 
additional N provided no further increase in MoC. Under dryland conditions, application of up to 200 
kg/ha N increased the MoC for both cultivars, but above 200 - 250 kg/ha N the MoC diminished (in 
some instances producing a substantial economic loss) (Figure 1; Table 2).  

It was not cost-effective or efficient to apply N at rates of 400 - 450 kg/ha, despite these application 
rates producing greatest protein content.   

Figure 1. Grain yield and protein content as well as margin-over-nitrogen cost (MoC) for milling 
wheat cultivars ‘Griffin’ and ‘Discovery’ in response to nitrogen (N) with and without irrigation at 
Chertsey, mid-Canterbury.  

The N rate treatments received four N applications, three through stem extension (GS 30-39) and 
one at ear emergence (GS 59). Treatments eight and 19 tested if the ear emergence application was 
necessary to achieve a protein content that met the mill’s minimum specification. These treatments 
received three applications through stem extension only, receiving 350 kg N/ha total (including the 
soil mineral N). The protein content was not significantly reduced for these three application 
treatments compared with the treatment that received the same amount of N, but with a fourth 
application at ear emergence. Previous trials have shown that if sufficient N has been applied 
through stem extension to maximise yield, an ear emergence application for increased protein is not 
necessary (FAR Cropping Strategies Issue 1, 2011). In the dryland trial, the grain yields were so low 
and protein content so high it did not make sense to make this comparison. 

In the irrigated trial, delaying the first N dose until GS 32 did not result in a lower yield (compare 
treatment 5 with 9, and 16 with 20). This was despite the low spring soil mineral N content of only 42 
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kg/ha. In this trial, the soil mineral N test may have underestimated the capacity of the soil to supply 
N under irrigation or sufficient N may have mineralised in the soil up to GS 32 to ensure no yield loss. 

The spring soil sulphate content of 2 mg/kg was low. However, leaving sulphur out of the first 
fertiliser application (i.e. applying urea instead of ammonium sulphate) did not result in a lower yield. 
It is a common view that sulphur application improves grain quality for baking. However, there has 
been no recent work investigating this effect.  

Under irrigation, the grain yield of cv. Griffin was increased with the addition of micronutrients using 
YaraVita™ Gramitrel™. However, this treatment did not increase yield of cv. Discovery or crops under 
dryland conditions. 

Summary 
This trial investigated the effect of applied N rate and timing on the grain yield and quality of two 
current commercial milling wheat cultivars, ‘Griffin’ and ‘Discovery’, with and without irrigation. 
‘Griffin’ is a premium grade milling wheat cultivar and cv. Discovery is medium grade. With irrigation, 
there was an increase in yield from increasing total N to 300-350 kg/ha (applied N plus soil mineral 
N). With a low background soil mineral N content in spring, the yield almost doubled from an average 
6.3 t/ha to 12 t/ha. The N rates required to maximise yield also gave a protein content that met the 
milling wheat specification of an average 12.2% for both cultivars. There were no economic returns 
from applying N above 300-350 kg/ha. Applications at 300 – 350 kg/ha also represented the greatest 
balance between yield, protein, economics and efficiency indicators. 

Under dryland conditions, increasing total N available to the crop up to 200 kg/ha produced an 
economic return, but providing additional N made no difference to yields and reduced economic 
returns. Any additional N over 200 kg/ha reduced agronomic NUE, PNB and PFP. 

The addition of sulphate or micronutrients to the fertiliser mix resulted in little or no increase in grain 
yield, especially under dryland conditions. 
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Table 1. Grain yield, protein content and margin-over-nitrogen cost for milling wheat cultivars, ‘Griffin’ and ‘Discovery’, in response to nitrogen (N) with irrigation at Chertsey, 
mid-Canterbury.  

Treatment Cultivar N fertiliser application (kg/ha) at different growth stages Applied N 
(kg/ha) 

Total N 
(soil + applied) 

Yield 
(t/ha) 

Protein 
(%) 

MoC 
($/ha) 

Agronomic 
NUE 

(kg N/t 
grain) 

PNB† PFP# 
(kg grain/kg N) GS30 GS32 GS39 GS59 

(start stem 
extension) 

(second node 
on main stem) 

(flag leaf emergence) (ear emergence) 

1 Griffin 0   - - - Nil 42 6.2 8.4 0 - - - 

2 Griffin 40*  52 26 40 158 200 11.0 9.9 1808 20 1.08 64 

3 Griffin 40*  85 43 40 208 250 10.6 11.2 1557 24 0.96 51 

4 Griffin 40*  119 59 40 258 300 11.0 11.8 1704 27 0.86 43 

5 Griffin 40*  152 76 40 308 350 10.8 12.2 1552 32 0.73 35 

6 Griffin 40*  185 93 40 358 400 11.4 12.8 1725 35 0.69 32 

7 Griffin 40*  218 109 40 408 450 11.2 12.9 1565 40 0.60 27 

8 Griffin 40*  178 89 - 308 350 11.2 12.4 1722 31 0.76 36 

9 Griffin - 178 89 40 308 350 10.8 12.5 1582 33 0.74 35 

10 Griffin 40 152 76 40 308 350 10.9 12.2 1620 32 0.73 35 

11 Griffin 40*  152+2.0G** 76+1.0G** 40 308 350 11.7 12.2 1917 30 0.78 38 

12 Discovery 0   - - - Nil 42 6.4 7.7 0 * * * 

13 Discovery 40*  52 26 40 158 200 10.5 8.9 1441 19 1.0 66 

14 Discovery 40*  85 43 40 208 250 11.1 10.3 1612 23 0.93 53 

15 Discovery 40*  119 59 40 258 300 12.2 11.3 2023 25 0.90 47 

16 Discovery 40*  152 76 40 308 350 12.0 12.2 1883 29 0.81 39 

17 Discovery 40*  185 93 40 358 400 12.6 12.4 2074 32 0.74 35 

18 Discovery 40*  218 109 40 408 450 12.8 12.7 2102 35 0.67 31 

19 Discovery 40*  178 89 - 308 350 12.6 11.9 2160 28 0.82 41 

20 Discovery - 178 89 40 308 350 12.0 12.1 1966 29 0.80 39 

21 Discovery 40 152 76 40 308 350 12.1 12.0 1976 29 0.80 39 

22 Discovery 40*  152+2.0G** 76+1.0G** 40 308 350 12.4 11.9 2048 28 0.81 40 

        Mean 11.1 11.4 1638 29 0.81 41 

Sig.           Cultivar <.001 <.001 <.001 <0.001 <0.001 <0.001  
   Nitrogen <.001 <.001 <.001 <0.001 <0.001 <0.001 

  Cv. x N     0.069 0.044 0.084 - - - 

LSD 
(p=0.05) 

    Cv. 0.27 0.13 116 0.6 0.01 0.4 

 N 0.63 0.31 272 1.9 0.03 1.2 
   Cv. x N     0.89 0.43 385 - - - 

CV (%) 5.7 

Note: Yellow indicates the treatments that were amongst those that produced the greatest grain yield and/or MoC. N applied in the form of urea (kg N/ha) unless otherwise indicated. 
*Ammonium sulphate. MoC, margin-over-nitrogen cost. Grain price: from a 2019-20 milling wheat contract. Urea price: $1.34/kg N. Ammonium sulphate $2.50/kg N. ** “G” = Yaravita Gramitrel
applied as a foliar spray at 1.0 L/ha or 2.0 L/ha.†PNB: A low PNB (less than 0.5) indicates more N is being applied than is being removed. Where PNB is greater than 1, more N is being removed
than is being supplied. Sustainable management is indicated by a PNB in the range of 0.7 – 1.0 (GRDC 2015). #PFP: Low PFP values suggest that supply is approaching a yield plateau, so the grain
return on added N is declining. N management that produces PFP in the range of 40 -70 kg grain/kg N for wheat is recognised as being reasonably efficient (GRDC 2015).
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Table 2. Grain yield, protein content and margin-over-nitrogen cost for milling wheat cultivars, ‘Griffin’ and ‘Discovery’, in response to nitrogen (N) under dryland conditions at 
Chertsey, mid-Canterbury. 

Treatment Cultivar 

N fertiliser application (kg/ha) at different growth stages 
Applied N 

(kg/ha) 
Total N 

(soil + applied) 
Yield 
(t/ha) 

Protein 
(%) 

MoC 
($/ha) 

Agronomic 
NUE 

(kg N/t grain) 
PNB† 

PFP# 
(kg grain/kg N) 

(start stem 
extension) 

(second node 
on main stem) 

(flag leaf emergence) 
(ear 

emergence) 

1 Griffin 0 - - - Nil 42 5.0 8.3 0 - - - 

2 Griffin 40* 52 26 40 158 200 6.1 12.0 202 30 0.80 40 

3 Griffin 40* 85 43 40 208 250 6.2 13.8 179 38 0.71 31 

4 Griffin 40* 119 59 40 258 300 6.2 14.2 111 46 0.59 25 

5 Griffin 40* 152 76 40 308 350 6.0 15.5 -30 56 0.53 21 

6 Griffin 40* 185 93 40 358 400 6.0 15.9 -104 64 0.48 18 

7 Griffin 40* 218 109 40 408 450 5.7 16.2 -304 77 0.40 15 

8 Griffin 40* 178 89 - 308 350 6.1 15.8 -9 56 0.54 21 

9 Griffin - 178 89 40 308 350 6.3 15.0 124 54 0.53 21 

10 Griffin 40 152 76 40 308 350 6.0 15.3 -23 57 0.52 20 

11 Griffin 40* 152+2.0G** 76+1.0G** 40 308 350 6.0 15.4 -69 57 0.52 20 

12 Discovery 0 - - - Nil 42 5.2 7.5 0 - - - 

13 Discovery 40* 52 26 40 158 200 6.6 10.6 303 33 0.74 41 

14 Discovery 40* 85 43 40 208 250 6.7 12.8 253 40 0.68 31 

15 Discovery 40* 119 59 40 258 300 6.5 14.2 125 49 0.60 24 

16 Discovery 40* 152 76 40 308 350 6.5 15.2 49 56 0.53 20 

17 Discovery 40* 185 93 40 358 400 6.4 15.9 -50 65 0.47 17 

18 Discovery 40* 218 109 40 408 450 6.4 16.4 -118 73 0.43 15 

19 Discovery 40* 178 89 - 308 350 6.7 14.9 173 55 0.54 21 

20 Discovery - 178 89 40 308 350 6.7 15.0 201 55 0.54 21 

21 Discovery 40 152 76 40 308 350 6.7 15.0 181 55 0.54 21 

22 Discovery 40* 152+2.0G** 76+1.0G** 40 308 350 6.6 15.1 99 56 0.54 21        
        Mean 6.2 14.1 58.8 53 0.56 23 

   
   

Sig.           Cultivar <.001 <.001 <.001 <0.001 <0.001 <0.001 
   

   
    Nitrogen <.001 <.001 <.001 <0.001 <0.001 <0.001 

                  Cv. x N      0.746 0.008 0.685 - - - 

      LSD (p=0.05)              Cv. 0.12 0.19 49.8 1.1 0.01 0.4 
        N 0.27 0.44 117 3.5 0.04 1.2 
   

   
             Cv. x N      0.38 0.62 165 - - - 

      CV (%)  4.4      

Note: Yellow indicates the treatments that were amongst those that produced the greatest grain yield and/or MoC. N applied in the form of urea (kg N/ha) unless otherwise indicated. 
*Ammonium sulphate. MoC, margin-over-nitrogen cost. Grain price: from a 2019-20 milling wheat contract. Urea price: $1.34/kg N. Ammonium sulphate $2.50/kg N. ** “G” = Yaravita Gramitrel 
applied as a foliar spray at 1.0 L/ha or 2.0 L/ha. †PNB: A low PNB (less than 0.5) indicates more N is being applied than is being removed. Where PNB is greater than 1, more N is being removed 
than is being supplied. Sustainable management in indicated by a PNB range of 0.7 – 1.0 (GRDC 2015). #PFP: Low PFP values suggest that supply is approaching a yield plateau, so the grain 
return on added N is declining. N management that produces PFP in the range of 40 -70 kg grain/kg N for wheat is recognised as being reasonably efficient (GRDC 2015). 
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Appendix 1. Trial Inputs 
Crop History:  2017-18 - Ryegrass 

2018-19 - Ryegrass 
Sowing Date:  09.05.19 – with 15kg/ha Suscon® Green/Diazinon Mix 
Herbicides/Insecticides: 01.05.19 –Weedmaster® TS540 (3.0 L/ha) + Pulse® + 
Firebird® (0.5L/ha) 

19.06.19 –TransformTM + ContactTM Xcel (100 mL/ha) 
09.09.19 –Karate® (40 mL/ha) 
10.09.19 –TransformTM (100 mL/ha) + Trimec® (4 L/ha) 
17.10.19 –StaraneTM (0.75 L/ha) + Twinax® (0.3 L/ha) + 
Adigor® (1 L/ha)  

PGRs: 09.10.19 –Cycocel® (1.0 L/ha) + Moddus® (0.3 L/ha) 
Fungicides: 09.10.19 – Kestrel® (1.0 L/ha) + Phoenix® (1.5 L/ha) 

05.11.19 – Imtrex® (1.25 L/ha) + Kestrel® (1.0 L/ha) + 
Phoenix® (1.5 L/ha) 
21.11.19 – Opus® (0.75 L/ha) + Comet® (0.5 L/ha) 

Irrigation: 01.11.19 – 25 mm 
(Col 4 Irrigated trial only) 05.11.19 – 25 mm 

23.11.19 – 40 mm 
26.11.19 – 10 mm 
06.12.19 – 40 mm 
12.12.19 – 40 mm 
16.12.19 – 30 mm 
09.01.20 – 30 mm 
13.01.20 – 30 mm 

  Total:  295 mm 
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Key points 

• The maximum yield response to fungicide for the Septoria tritici blotch (STB) susceptible
cultivar ‘Oakley’ was 5.3 t/ha, despite lower disease pressure conditions in 2019-20.

• The high yield response of the susceptible cultivar was sufficient to provide high returns on
fungicide spend.

• STB was poorly controlled by demethylation inhibitors (DMIs) (triazoles) alone.

• Selecting an appropriate mixing partner to use with SDHIs is important, with Imtrex®
(fluxapyroxad) + Kestrel® (prothioconazole + tebuconazole) achieving greater disease
control, yield and returns than Adexar® (fluxapyroxad + epoxiconazole).

Background 
Previous FAR cereal disease management trials have found effective disease control, high yields and 
economic returns were achieved using high-input fungicide programmes. However, high input 
programmes are not always appropriate depending on where and how a crop is being grown and the 
seasonal conditions. Furthermore, high-input programmes can increase the possibility that pathogen 
populations become insensitive to the fungicides being applied.  

Since 2013, to support the adoption by growers of more cost-effective and appropriate fungicide 
programmes, part of FAR’s disease management research in cereals has been focused on developing 
a greater understanding of how demethylation inhibitors (DMIs) (triazoles) and succinate 
dehydrogenase inhibitors (SDHIs) perform under different disease pressure conditions (FAR 2018). 
This work has largely been conducted using mixtures of the SDHIs and DMIs as the SDHI foliar 
fungicides are at high risk of losing efficacy if used alone due to pathogen populations developing 
insensitivity. The risk of losing efficacy has also led in many cases to the SDHIs being supplied 
commercially as pre-formulated products that also contain a DMI.  

The objectives of this irrigated trial were to: 1. investigate appropriate fungicide dose rates of DMIs 
and SDHIs for control of Septoria tritici blotch (STB) in winter wheat; 2. provide an independent 
evaluation of the SDHI-based fungicides Elatus™ Plus (active ingredient 100 g/L benzovindiflupyr 
(Solatenol™)) (Group 7 fungicide), Adexar® (a.i. 62.5 g/L fluxapyroxad (Group 7 fungicide) and 62.5 
g/L epoxiconazole (Group 3 fungicide)) and Imtrex®  (a.i. 62.5 g/L fluxapyroxad). 

Methods 
The trial was a randomised complete block design with 20 treatments and 4 replicates. The design 
included a doubly resolvable row-column design (residual maximum likelihood (REML)) overlay. 
There were 4 columns and 20 rows. The trial was sown in April, 2019, using the STB susceptible 
cultivar ‘Oakley’. 

The trial was sprayed as per the management of the paddock, except for the experimental fungicide 
treatments (listed in Table 1). All fungicides were applied with a backpack type plot boom, powered 
by an electric pressure pump. Five air induction Teejet AIXR 10 015 nozzles were used at 50 cm 
spacings and 250 kPa to apply water at 165 L/ha. 
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At each assessment timing, 10 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) and GS 75-80 (early grain fill/milking). Disease data in 
Table 1 was from assessment at GS 75-80 to avoid confusion with senescence. 

The trial was harvested at GS 99 on 4 February, 2020. Yield was adjusted to 14% seed moisture 
content. Statistical analysis of disease assessments, yield, quality data and margin-over-fungicide 
cost (MoC) was by REML analysis using Genstat® 19th Edition (VSN International Ltd, UK). 

Results and Discussion 
The 2019-20 winter wheat trial demonstrated how cultivar selection can impact disease severity and 
yield. High rainfall and relative humidity between GS 31 (1st node) and GS 65 (anthesis) in 2018 
fungicide programmes trials with the STB susceptible cv. Oakley resulted in very high STB severity, 
with an average yield of 5.6 t/ha and a maximum yield response to fungicide of 8.7 t/ha (FAR 2019). 
In contrast, average to below-average rainfall and fewer relative humidity events >85% in 2019-20 
meant disease pressure was lower and disease did not develop to reach high levels until after 
anthesis despite using susceptible cv. Oakley. The average yield in the untreated plots in this trial 
was 10 t/ha and the maximum yield response to fungicide was 5.3 t/ha, despite lower disease 
pressure conditions (Table 1). 

All treatments significantly reduced STB severity when compared with the untreated control, 
although STB was poorly controlled if the DMI products epoxiconazole and prothioconazole were 
applied as solo treatments, even at full label rates (Figure 1, Table 1). Insensitivity to DMIs develops 
slowly over a number of years, requiring multiple mutations. Testing of the Zymoseptoria pathogen 
that causes STB, by the New Zealand Institute for Plant & Food Research, has shown a sensitivity 
shift to both epoxiconazole and prothioconazole in New Zealand’s pathogen population (FAR 2018). 
Previous FAR trials have found prothioconazole gave superior disease control over epoxiconazole 
(FAR 2018). These data suggest that DMIs used alone are best reserved for less important spray 
timings and situations where disease pressure is low. To optimise fungicide management, mixing the 
DMI with the multi-site fungicide folpet may be a good solution (FAR 2018).  

Adexar® and Imtrex® both contain the SDHI fluxapyroxad. Adexar® is co-formulated with 
epoxiconazole, while Imtrex® is sold as a solo product, which allows for flexibility when choosing a 
mixing partner. In this trial, Imtrex® was applied in a mixture with Kestrel® (prothioconazole and 
tebuconazole). Imtrex® + Kestrel® achieved greater disease control and yields than Adexar® + Opus® 
(Figure 2, Table 3). This trial shows the importance of an appropriate mixing partner, with the co-
formulated prothioconazole + tebuconazole providing greater control than epoxiconazole alone.  

A fungicide programme that included Imtrex® + Kestrel® also provided greater yield than the 
programmes that included different rates of the SDHI Elatus™ Plus mixed with Opus®. There were no 
differences in disease control, yield or margin between rates of the SDHI Elatus™ Plus. The coded 
product F18-01 was amongst the group of treatments producing the greatest disease control and 
grain yields. This product will be included in further trials in 2020-21.  

The combination of Imtrex® + Kestrel® is an expensive programme. In the current trial, the high yield 
response of the susceptible cultivar was sufficient to provide amongst the highest returns on 
fungicide spend, although similar returns were achieved by some Adexar® and Elatus™ Plus 
programmes. The optimum dose rate in terms of MoC was between 50 and 100% for both Adexar® + 
Opus® and Imtrex® + Kestrel®.   

The untreated control and the lowest rate of epoxiconazole had higher screenings, lower thousand 
grain weight and test weight than other fungicide treatments (Table 4). 
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Summary 
In 2019-20, using the susceptible cultivar ‘Oakley’ under low-moderate disease pressure at Leeston, 
a yield of 10 t/ha was achieved in untreated plots, and a maximum yield response to fungicide of 5.3 
t/ha was observed.  

Like previous FAR trials, this trial required substantial fungicide input to maximise yield and returns, 
highlighting the importance of cultivar selection, as despite lower disease pressure, yield response to 
fungicide in the susceptible cultivar ‘Oakley’ remained high. Other autumn sown wheat trials in 
2019-20 found a less intensive fungicide programme could produce equally high yields and economic 
returns as these high input programmes if a moderately disease resistant cultivar was sown. Thus, to 
optimise disease control, fungicide management and economic returns, growers should consider 
cultivar selection as the foundation of an integrated approach to disease management.   

The trial also showed reduced efficacy of both epoxiconazole and prothioconazole and highlighted 
the importance of selecting an appropriate SDHI mixing partner for sustainable disease control, 
resistance management and product stewardship. Given the emerging insensitivity of the 
Zymoseptoria pathogen to several chemistries including these DMIs and the SDHIs and that using 
high doses of some active ingredients can result in greater selective pressure for insensitivity, future 
trial work will focus on ensuring products are used in the most appropriate way to maximise their 
effectiveness and economic returns whilst protecting them for future use.  
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Table 3. Septoria tritici blotch (STB) disease severity, grain yield and margin over fungicide cost for winter wheat cultivar ‘Oakley’ under irrigation at Leeston, 
Canterbury in 2019-20, following application of different fungicide programmes. 

Treatment 
number 

Growth Stage (GS) and date of fungicide treatments (L/ha) 
LAA 

by STB (%)1 
Yield (t/ha) MoC2 ($/ha) GS 31 

8.10.2019 
GS 39 
12.11.2019 

1 Untreated Untreated 68.0 10.0 0 

2 Opus® (0.5) Opus® (0.5) 54.6 11.2 408 

3 Opus® (0.75) Opus® (0.75) 49.8 11.6 537 

4 Opus® (1.0) Opus® (1.0) 48.0 12.8 1000 

5 Proline® (0.4) Proline® (0.4) 44.4 12.6 906 

6 Proline® (0.6) Proline® (0.6) 44.2 12.9 998 

7 Proline® (0.8) Proline® (0.8) 41.5 13.1 1042 

8 Adexar® (0.31) + Opus® (0.6) Adexar® (0.31) + Opus® (0.6) 40.3 13.5 1282 

9 Adexar® (0.62) + Opus® (0.45) Adexar® (0.62) + Opus® (0.45) 33.2 13.9 1400 

10 Adexar® (0.94) + Opus® (0.3) Adexar® (0.94) + Opus® (0.3) 32.5 14.4 1537 

11 Adexar® (1.25) + Opus® (0.15) Adexar® (1.25) + Opus® (0.15) 29.5 14.4 1519 

12 Elatus™ Plus (0.187) + Opus® (0.75) Elatus™ Plus (0.187) + Opus® (0.75) 40.4 13.4 1252 

13 Elatus™ Plus (0.375) + Opus® (0.75) Elatus™ Plus (0.375) + Opus® (0.75) 37.8 13.9 1393 

14 Elatus™ Plus (0.563) + Opus® (0.75) Elatus™ Plus (0.563) + Opus® (0.75) 37.4 13.7 1286 

15 Elatus™ Plus (0.75) + Opus® (0.75) Elatus™ Plus (0.75) + Opus® (0.75) 34.8 13.5 1155 

16 F18-01 (1.5) F18-01 (1.5) 18.9 15.3 * 

17 Imtrex® (0.31) + Kestrel® (1.0) Imtrex® (0.31) + Kestrel® (1.0) 32.8 14.6 1620 

18 Imtrex® (0.62) + Kestrel® (1.0) Imtrex® (0.62) + Kestrel® (1.0) 24.8 14.6 1609 

19 Imtrex® (0.94) + Kestrel® (1.0) Imtrex® (0.94) + Kestrel® (1.0) 24.3 15.0 1697 

20 Imtrex® (1.25) + Kestrel® (1.0) Imtrex® (1.25) + Kestrel® (1.0) 14.1 14.7 1558 

Mean 37.6 13.5 1168 

P value <0.001 <0.001 <0.001 

LSD (p=0.05) 11.1 0.8 335 

CV (%) 4.3 
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); 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); 
Proline® (a.i. 250 g/L prothioconazole, Group 3 fungicide); F18-01 (coded product). 1LAA by STB (%), percent leaf area affected by STB. 2MoC, margin-over-fungicide cost. 
Disease was assessed on the top three leaves at GS 75-80. 
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Table 4. Grain quality measurements for winter wheat cultivar ‘Oakley’ under irrigation at Leeston, Canterbury in 2019-20, following application of different 
fungicide programmes. 

Treatment 
number 

Growth Stage (GS) and date of fungicide treatments (L/ha) 
Screenings 

(%) 
TGW1 

(g) 
Test weight 

(kg/hL) 
Protein 

(%) 
GS 31 
8.10.2019 

GS 39 
12.11.2019 

1 Untreated Untreated 1.4 40.0 75.2 8.5 

2 Opus® (0.5) Opus® (0.5) 1.3 43.3 76.7 7.9 

3 Opus® (0.75) Opus® (0.75) 1.0 43.5 76.4 8.0 

4 Opus® (1.0) Opus® (1.0) 1.1 46.4 77.6 8.0 

5 Proline® (0.4) Proline® (0.4) 0.8 47.8 77.1 7.9 

6 Proline® (0.6) Proline® (0.6) 1.0 47.2 77.5 7.8 

7 Proline® (0.8) Proline® (0.8) 1.0 48.6 77.6 7.7 

8 Adexar® (0.31) + Opus® (0.6) Adexar® (0.31) + Opus® (0.6) 1.0 48.7 78.1 7.9 

9 Adexar® (0.62) + Opus® (0.45) Adexar® (0.62) + Opus® (0.45) 0.8 48.9 78.4 7.9 

10 Adexar® (0.94) + Opus® (0.3) Adexar® (0.94) + Opus® (0.3) 0.9 49.5 78.7 7.7 

11 Adexar® (1.25) + Opus® (0.15) Adexar® (1.25) + Opus® (0.15) 0.9 50.6 78.3 7.6 

12 Elatus™ Plus (0.187) + Opus® (0.75) Elatus™ Plus (0.187) + Opus® (0.75) 0.8 48.4 78.2 7.7 

13 Elatus™ Plus (0.375) + Opus® (0.75) Elatus™ Plus (0.375) + Opus® (0.75) 0.8 49.6 78.4 7.8 

14 Elatus™ Plus (0.563) + Opus® (0.75) Elatus™ Plus (0.563) + Opus® (0.75) 0.9 51.5 77.5 7.7 

15 Elatus™ Plus (0.75) + Opus® (0.75) Elatus™ Plus (0.75) + Opus® (0.75) 0.9 49.3 77.7 7.8 

16 F18-01 (1.5) F18-01 (1.5) 0.7 52.3 78.9 7.8 

17 Imtrex® (0.31) + Kestrel® (1.0) Imtrex® (0.31) + Kestrel® (1.0) 0.8 50.0 78.2 7.8 

18 Imtrex® (0.62) + Kestrel® (1.0) Imtrex® (0.62) + Kestrel® (1.0) 0.9 51.2 78.7 7.7 

19 Imtrex® (0.94) + Kestrel® (1.0) Imtrex® (0.94) + Kestrel® (1.0) 0.8 52.3 78.7 7.6 

20 Imtrex® (1.25) + Kestrel® (1.0) Imtrex® (1.25) + Kestrel® (1.0) 0.8 52.3 78.5 7.6 

  Mean 0.9 48.6 77.8 7.8 

  P value <0.001 <0.001 <0.001 0.03 

  LSD (p=0.05) 0.3 2.4 0.8 0.4 
Note: Yellow indicates the treatments that were amongst those that produced the greatest grain yield MoC. Adexar® (active ingredient 62.5 g/L fluxapyroxad and 62.5 g/L 
epoxiconazole, 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); Proline® (a.i. 250 g/L 
prothioconazole, Group 3 fungicide); F18-01 (coded product). 1TSW, thousand grain weight.  
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Figure 1. Relationship between dose and Septoria tritici blotch (STB) control for epoxiconazole and 
prothioconazole-based fungicides, based on two-spray fungicide programmes applied at GS 31 and GS 
39 on the susceptible cultivar ‘Oakley’ at Leeston, Canterbury in 2019-20. 

 

Figure 2. Relationship between dose and Septoria tritici blotch (STB) control for fluxapyroxad + 
epoxiconazole (Adexar® + Opus®) and fluxapyroxad + prothioconazole + tebuconazole (Imtrex® + 
Kestrel®) fungicides, based on two-spray fungicide programmes applied at GS 31 and GS 39 on the 
susceptible cultivar ‘Oakley’ at Leeston, Canterbury in 2019-20. 
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Disease management of oats in Southland 

Project code C19-11 

Duration Year 2 of 3 

Authors Stewart Armstrong (New Zealand Institute for Plant & Food Research), Jo Drummond 
(FAR) 

Location Knapdale, Southland 

Funding FAR 

Acknowledgements John Gardyne (trial host) 

Key points 

• Speckled leaf blotch was not prevalent in an autumn sown oat disease management trial at
Knapdale in 2019-20.

• Red Leather Leaf (RLL) did become evident in the trial. RLL is caused by the fungus
Spermospora avenae.

• Fungicide programmes had no impact on severity of RLL, crop yield or thousand seed weight
in cultivar ‘Southern GoldTM’.

• Fungicide programmes resulted in a reduction in profitability; fungicide treatments having a
negative margin-over-fungicide cost compared to the untreated control.

• RLL is likely to have remained undiagnosed in Southland for some time.

• The lack of any economic return from fungicides and the likelihood the disease has remained
undetected in Southland oats for some time suggests RLL is of only minor importance in this
crop.

Background 
Milling oats are an important crop in South Otago and Southland, considered 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 with a low input fungicide programme. However, speckled leaf blotch 
(Septoria avenae), caused by the fungus Phaeosphaeria avenaria, compromised both yield and 
quality. Speckled leaf blotch of oats is a stubble-borne disease that favours high rainfall 
environments. It is not related to Septoria tritici blotch caused by Zymoseptoria tritici of wheat. Cool, 
wet conditions in the 2019-20 season were conducive to the development of disease. Thus, the 
objectives of this trial were to: 1. investigate effective disease management programmes in autumn 
sown oats; 2. independently evaluate two SDHI fungicides; the SDHI Seguris Flexi® (a.i. 125 g/L 
isopyrazam, Group 7 fungicide) and Adexar® (a.i. 62.5 g/L fluxapyroxad and 62.5 g/L epoxiconazole, 
Group 7 and 3 fungicides) on oats; 3. investigate which programmes provided the best margin-over-
fungicide cost (MoC). 

Methods 
The trial was sown into an Oreti soil on 11 May, 2019, using the oat cultivar ‘Southern GoldTM’.  The 
design was a randomised complete block with eight treatments and four replicates. Inputs were 
applied to the trial as per the management of the paddock except for fungicides (Table 1).  

At each disease assessment timing, ten representative main stems/plot were selected at random. 
Disease was assessed on the three highest leaves showing infection on these stems at Growth Stage 
(GS) 31 (1st node), GS 39 (flag leaf fully emerged), GS 65 (anthesis) and GS 75-80 (early grain 
fill/milking).  

The trial was harvested at GS 99 on 24 February, 2020. Yield was adjusted to 14% seed moisture 
content. Economic returns were based on margin-over-fungicide cost (MoC). Statistical analysis of 
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disease assessments and yield was by general ANOVA using Genstat® 18th Edition (VSN International 
Ltd, UK). 

Results and Discussion 
The 2019-20 growing season at Knapdale was characterised by cool, wet conditions that slowed plant 
growth and often hampered field operations. Despite the challenging conditions, the oat trial crop 
established well (plant count data not provided) and growth of the crop was considered acceptable 
relative to previous seasons. 

A dull red/brown discolouration was observed on leaves (Figure 1) from November, 2019, onwards. 
Leaf samples were sent to the New Zealand Institute for Plant & Food Research, Lincoln for disease 
identification. The symptoms were confirmed to be Red Leather Leaf (RLL) disease. This disease was 
first recorded on grasses in New Zealand in the 1960s and is caused by the fungal pathogen 
Spermospora avenae. Typically, a stubble borne pathogen, spores are distributed by wind early in the 
season and spread to new foliage through rain splash. Subsequent disease expression flourishes 
under cool temperatures and high rainfall conditions, such as those experienced in Southland in the 
2019-20 season. There is little information about RLL in New Zealand oats, but it is reported as a 
problem in oats grown in the high rainfall zone of Australia (Henry 2017). Cook (2018) reported that 
registered fungicides help suppress the disease but do not eradicate it.  

Other diseases observed at low levels in the present trial were leaf blotch (caused by Drechslera 
avenae), speckled leaf blotch (caused by Septoria avenae) and diseases caused by Alternaria species. 
A few plants with crown rust (Puccinia coronate) and barley yellow dwarf virus (BYDV) disease were 
found outside the trial area.  

The fungicide programmes were initially selected to evaluate their effectiveness on speckled leaf 
blotch, but very little disease was observed in the trial. As RLL disease reached low-moderate levels 
on the top three leaves by GS 59 (Table 3), treatments were compared for their control of RLL. There 
were no significant differences between the untreated control and the fungicide treatments. By GS 
75-80, there was very little green leaf remaining and leaves had senesced. There were also no 
differences in yields or thousand seed weights between fungicide treatments and the untreated 
control (Table 3).  

All programmes provided no return on investment, fungicide spend on a per-plot basis resulting in a 
cost to production with the exception of a single application of Opus® (0.5 L/ha) + Amistar® (0.5 L/ha) 
(Table 3). 

Figure 1. Oats at Knapdale, near Gore displaying Red Leather Leaf symptoms on 20 January, 2020. 
Photo. Stewart Armstrong 
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Summary 
Despite weather conditions conducive to RLL, no significant disease control was observed using any 
of the fungicide programmes tested in the Knapdale trial in 2019-20. This trial conmfirmed that only 
low fungicide inputs are necesary for this crop under conditions in Southland.  

Growers should be aware of RLL disease as it seems probable that it has remained present, but 
undiagnosed, in Southland oats and that the cool, wet season experienced in 2019-20 allowed 
expression of the disease. However, disease was still not sufficient to effect grain yield or quality, 
suggesting that the impact of this disease is minimal in oats.  

References 
Cook, A (2018). Researchers turn their attention to the biggest disease concern for oat growers in 
southern Australia. GroundCoverTM Issue 137. 

Henry, F (2018). Management of red leather leaf disease in oats. In: Southern Farming Systems – Trial 
Results Book. Agriculture Victoria, Department of Economic Development, Jobs, Transport and 
Resources. 
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Table 1. Red Leather Leaf disease severity, grain yield and economic return for autumn sown oat cultivar ‘Southern GoldTM‘ at Knapdale, Southland 2019-20, 
following treatment with different fungicide programmes. 

Treatment 
no. 

Fungicide product, rate of application (L/ha), and growth stage (GS) and date when applied 
LAA by RLL1 

(%) 
Yield 
(t/ha) 

TSW2 
(g) 

MoC3 

($/ha) GS 30-31 
24.9.19 

GS 39 
28.10.19 

GS 59 
16.12.19 

1 Untreated 10.0 9.3 45.6 0 

2 Opus® (0.25) Opus® (0.25) 13.2 9.2 46.5 -118

3 Opus® (0.25) + Amistar® (0.25) Opus® (0.25) + Amistar® (0.25) 10.4 9.5 46.4 -28

4 Opus® (0.5) + Amistar® (0.5) 10.2 9.7 46.6 140 

5 Opus® (0.25) Opus® (0.25) + Amistar® (0.25) Opus® (0.25) + Amistar® (0.25) 8.8 9.3 47.2 -157

6 Opus® (0.25) + Seguris Flexi® (0.3) Opus® (0.25) + Seguris Flexi® (0.3) 12.6 9.3 47.3 -12

7 Adexar® (0.62) Adexar® (0.62) 12.1 9.4 46.8 -101

8 Opus® (0.5) + Amistar® (0.5) Opus® (0.5) + Amistar® (0.5) 6.8 9.5 46.7 -61

Mean 10.5 9.4 46.7 -56

P value 0.2 0.6 0.3 0.3 

LSD (p=0.05) 6.7 0.6 1.4 243 

CV (%) 4.2 

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); Opus® 
(a.i. 125 g/L epoxiconazole, Group 3 fungicide); Seguris® flexi (a.i. 125 g/L isopyrazam, Group 7 fungicide). 1LAA by RLL (%), is % leaf area affected by Red 
Leather Leaf disease on the top three leaves at GS 59. 2 TSW, Thousand seed weight, 3MoC, margin over fungicide cost. Grain price calculated as $450/t. 
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Autumn barley fungicide programmes for control of Ramularia collo-cygni 
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Key points 

• The highest yields and profits (Margin-over-Cost) were achieved when fungicides were
applied at GS 31 and GS 49 under low-moderate disease pressure conditions in an autumn
sown barley crop of cultivar ‘Cassia’.

• Using a mixture of the demethylation inhibitor (DMI) Proline® and the multi-site fungicide
Phoenix® (active ingredient folpet) at both application times significantly reduced Ramularia
leaf spot (RLS) severity and increased yield.

• A mixture of Proline® and Phoenix® has low efficacy on leaf rust. A strobilurin such as
Acanto® (picoxystrobin), provided an effective mixing partner for leaf rust management.

• The Proline® and Phoenix® based two-spray treatments were profitable, but also provided a
strong fungicide resistance management strategy.

• Delaying the GS 31 fungicide treatment until GS 32 did not significantly reduce yield,
providing the GS 49 application was sprayed on-time, demonstrating flexibility in the timing
of the first spray application in these fungicide programmes under low-moderate disease
pressure.

• When fungicide was applied at GS 31 and GS 39, a third application at GS 59 was required.
However, this approach can create problems in choosing appropriate chemistries.

• Seasonal variation should dictate fungicide programme choice and application timing

• Previous FAR trials found SDHIs and DMIs appear to have reduced efficacy on RLS in the field,
however the current results indicate some efficacy can still be expected. This depends on
disease pressure and environmental conditions.

• F18-01 (coded product) is now available as a registered fungicide Revystar®.

Background 
The fungus Ramularia collo-cygni (Rcc) causes Ramularia leaf spot (RLS) of barley. Arable growers 
have recently reported yield losses of up to 30 % because of RLS, while FAR trials in 2018 resulted in 
yield losses of up to 19 % under high disease pressure conditions.  

RLS is becoming increasingly difficult to control in the field as Rcc is no longer susceptible to the 
strobilurins and has recently become less sensitive to succinate dehydrogenase inhibitor (SDHI) 
fungicides (FAR 2018, AHDB 2019). In addition to reduced susceptibility to the strobilurin and SDHI 
fungicides, a risk exists that other fungicides may become ineffective in the future. Prior to 2018, the 
demethylation inhibitors (DMI) fungicides were effective for control of RLS, but a trial in South 
Canterbury in 2018 found prothioconazole had reduced efficacy. DMI insensitivity has already been 
reported in Rcc populations in Scotland and Germany.  

Autumn sown barley cultivar tolerance or resistance is also poorly defined. 

The aims of this trial were to: 1. investigate the most effective and economically viable disease 
management programmes for the control of RLS in barley crops in New Zealand; 2. independently 
evaluate the efficacy of the multi-site active Phoenix®, the DMI Proline®, the SDHI Seguris Flexi® and 
a new active ingredient F18-01; 3. obtain new data on cultivar resistance or susceptibility.  
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Methods 
A trial was established in a crop of autumn sown of barley cultivar ‘Cassia’ at Geraldine in South 
Canterbury in 2019-20. This cultivar does not have a rating for RLS. The trial was sown in April, 2019. 
The trial had 19 fungicide treatments and 4 replicates in a doubly resolvable row-column design 
(residual maximum likelihood (REML)). 

All treatments in the trial were managed by the grower with the exception of fungicide applications 
(Table 1). Each treatment received an application of 0.25 L/ha Acanto® (picoxystrobin) at growth 
stage (GS) 30 to prevent leaf rust (caused by Puccinia hordei). The SDHI Seguris Flexi® and the multi-
site fungicide Phoenix® were applied as a solo treatment for experimental purposes. Commercially, 
SDHI and multi-site fungicides should always be mixed with a fungicide with a different mode of 
action that is effective against the target disease.  

At each assessment timing, 10 main stems/plot were selected and disease was assessed on the 3 
highest leaves showing infection. The trial was harvested on 10 January 2020. Statistical analysis of 
disease assessments, yield and Margin-over-Cost (MoC) was by REML analysis using Genstat® 19th 
Edition (VSN International Ltd, UK). Treatment means were compared using the unrestricted least 
significant difference (LSD) at P=0.05. 

Results and Discussion 
In 2018-19, trials were conducted under high disease pressure conditions, with high rainfall and 
humidity through stem extension and ear emergence. In contrast, conditions in 2019-20 were 
characterised by cool, dry conditions through stem extension and ear emergence and warm, dry 
conditions through grain fill. Despite reduced disease pressure in 2019-20, RLS reached moderate-
high levels on the top three leaves in untreated plots by the end of grain fill resulting in a yield loss of 
up to 18% (Table 1). This was similar to the yield loss of 19%, reported in the previous high-pressure 
season.   

The average yield in the autumn sown barley trial was 9.7 t/ha and the untreated control produced a 
yield of 8.4 t/ha (Table 1). All fungicide treatments resulted in a reduction in RLS severity and a 
significant increase in grain yield when compared to the untreated control, with 11 treatments 
among those producing the highest yield (10.3 to 9.7 t/ha) (Table 1). 

Four treatments had the greatest MoC (between $414 and $255/ha) (Table 1). These treatments all 
included a two-spray programme, with an initial application at GS 31 and a second fungicide 
application at GS 49. Two of these treatments were experimental treatments with either Bravo® 
Weatherstik (not registered for use in cereals in New Zealand) or Phoenix® applied as solo 
applications at both growth stages. The remaining two treatments included a mix of the DMI Proline® 
and the multisite Phoenix® at both application times, with one of these also including the strobilurin 
Acanto® at GS 31 and the SDHI Seguris Flexi® at GS 49 (Treatment 10).  Both treatments are now 
commercially viable fungicide programmes as the label for Phoenix® has recently been updated to 
allow this fungicide to be applied in barley up to GS 59. However, the treatment with Proline® and 
Phoenix® (Treatment 7) has poor efficacy against leaf rust while the early strobilurin provides some 
control of this disease. Interestingly, delaying the application of the 3-way mixture of Acanto®, 
Proline® and Phoenix® from GS 31 (Treatment 10) to GS 32 (Treatment 13) did not significantly 
reduce yield, provided the GS 49 application was sprayed on time, although yield was sufficiently 
lower to reduce the economic returns associated with this treatment. Disease severity was also 
amongst the lowest when using the two-spray, three-way mixture indicating that pathogen inoculum 
was also being suppressed.   

Yield loss to RLS is determined by the time symptoms appear on the upper leaves, which means that 
timing of fungicide application is important. As a late season disease, symptoms do not appear until 
long after the final fungicide application, which creates challenges in fungicide programme selection 
(Dussart et al. 2020). In 2018, the most effective programme under high disease pressure was a 
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three-spray programme at GS 31, 39 and 59, while in 2019 with lower disease pressure, two-spray 
programmes at GS 31 and 49 produced the greatest yields and returns (Table 1). These data suggest 
that seasonal variation should dictate choice of fungicide programme and timing of application, and 
that monitoring for rainfall events/leaf wetness and high relative humidity prior to GS 31 fungicide 
applications (Havis et al. 2015) can aid in this decision making. In both seasons, if fungicide was 
applied at GS 31 and 39, a follow-up application was required at GS 59 (Treatments 9 and 11 versus 
Treatment 12) to maintain disease control and yield, as there was not sufficient residual activity from 
the GS 39 spray to carry the crop through to senescence. However, this approach should be taken 
cautiously, as RLS is no longer susceptible to strobilurins, has reduced sensitivity to SDHIs and DMIs 
and only two applications of the multi-site Phoenix® are permitted in a season. 

Laboratory assays on New Zealand’s Rcc population in 2018-19 showed that over 95% of isolates 
from barley were insensitive to SDHIs. A field trial also showed the SDHI Seguris Flexi® had no 
efficacy against RLS. We continued to monitor the efficacy of individual products by applying solo 
applications of fungicides in some treatments. This season, under lower disease pressure, Seguris 
Flexi® reduced disease severity by almost half and significantly increased yield (Table 1). This might 
suggest that under high disease pressure in 2018-19 that Seguris Flexi® was unable to control RLS 
and that the reduced susceptibility in laboratory assays is not currently resulting in a dramatic 
reduction in field efficacy (Table 3). The DMI Proline® and multi-site Phoenix® were also included as 
experimental solo treatments at GS 31 and GS 49. Treatment with Proline® resulted in a similar 
reduction in disease severity and increase in yield to the solo treatment of Seguris Flexi®. Phoenix® 
was attributed to a lower severity of disease than the other solo treatments, an increase in yield 
when compared to the untreated control and a high MoC (Table 1). These results are indicative of 
ongoing field efficacy, although this may vary depending on disease pressure and environmental 
conditions. 

Finally, for the second year the coded product F18-01 resulted in strong disease suppression and 
grain yields when used in a mixture with Phoenix®, producing a 10.2 t/ha crop (amongst the highest 
yielding crops in the trial) (Table 1). 

Summary 
RLS is becoming increasingly difficult to manage in the field and planning fungicide programmes 
often requires forward thinking, as symptoms don’t typically appear until long after the final 
fungicide has been applied. The 2019-20 autumn fungicide programme trial at Geraldine showed that 
the highest yields and margins were achieved with two-spray programmes at GS 31 and 49 and that 
these included mixtures of the DMI Proline® and the multisite Phoenix®. This differed to the previous 
year when high disease pressure meant that three-spray programmes provided the best disease 
management and returns. Such seasonal variation can prove tricky to predict and indicates that 
monitoring conditions in the field is essential to maximising profitability and for managing the 
agrichemical footprint of the crop.    

The combined use of Proline® and the multisite Phoenix® in a fungicide programme provides the 
basis for a sound RLS management strategy as these chemistries are at lower risk of losing efficacy, 
especially when used in combination. They also provide support to maintain the efficacy of other 
modes of action such as the strobilurins and SDHIs, which are increasingly showing signs of 
decreased efficacy. Such mixtures also appeared to provide flexibility in the time of fungicide 
application under the moderate disease conditions in 2019-20, with a delay in the GS 31 application 
to GS 32 having little or no impact on disease management or crop production. This flexibility can be 
important when managing large cropping systems or when weather hinders spray application.  
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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 cultivar ‘Cassia’ 
at Geraldine, in the 2019-20 season. 

Trt. 
No. 

Fungicide product, rate of application (L/ha), and growth stage (GS) and date when applied LAA 
RLS1

(%) 

Yield 
(t/ha) 

MoC2 
($/ha) GS 30 GS 31 GS 32 GS 39 GS 49 GS 59 

20.9.19 3.10.19 21.10.19 1.11.19 19.11.19 

1 Acanto® 
(0.25) 

Nil Nil 45.0 8.4 0 

2 Proline® (0.4) Proline® (0.4) 27.2 9.2 84 

3* Seguris Flexi® 
(0.6) 

Seguris Flexi® (0.6) 26.2 9.7 219 

4* Phoenix® (1.5) Phoenix® (1.5) 11.4 9.6 264 

5* Bravo® 
Weatherstik (1.4) 

Bravo® Weatherstik (1.4) 3.9 10.2 414 

6 Proline® (0.4) + 
Seguris Flexi® 
(0.6) 

Proline® (0.4) + Seguris 
Flexi® (0.6) 

13.5 9.8 184 

7 Proline® (0.4) + 
Phoenix® (1.5) 

Proline® (0.4) + Phoenix® 
(1.5) 

6.2 9.9 255 

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

Proline® (0.4) + Seguris 
Flexi® (0.6) + Phoenix® 
(1.5) 

5.5 10.1 219 

9 Proline® (0.4) + 
Seguris Flexi® 
(0.6) + Phoenix® 
(1.5) 

Proline® (0.4) + 
Seguris Flexi® (0.6) + 
Phoenix® (1.5) 

8.7 9.5 15 

10 Proline® (0.4) + 
Acanto® (0.25) + 
Phoenix® (1.5) 

Proline® (0.4) + Seguris 
Flexi® (0.6) + Phoenix® 
(1.5) 

5.6 10.3 319 

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

Proline® (0.4) + 
Seguris Flexi® (0.6) + 
Phoenix® (1.5) 

6.4 9.5 64 
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12 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) 

4.9 10.2 228 

13 Proline® (0.4) + 
Acanto® (0.25) + 
Phoenix® (1.5) 

Proline® (0.4) + Seguris 
Flexi® (0.6) + Phoenix® 
(1.5) 

6.0 9.9 166 

14 Proline® (0.4) + 
Acanto® (0.25) + 
Phoenix® (1.5) 

Proline® (0.4) + 
Seguris Flexi® (0.6) + 
Phoenix® (1.5) 

5.7 9.4 31 

15 Proline® (0.4) + 
Acanto® (0.25) + 
Phoenix® (1.5) 

Proline® (0.4) + 
Seguris Flexi® (0.6) + 
Phoenix® (1.5) 

Proline® (0.4) + Seguris 
Flexi® (0.6) 

3.2 10.0 111 

16 Proline® (0.4) + 
Acanto® (0.25) 

Proline® (0.4) + Seguris 
Flexi® (0.6) + Phoenix® 
(1.5) 

Proline® (0.4) + 
Seguris Flexi® (0.6) + 
Phoenix® (1.5) 

3.6 10.2 146 

17 Proline® (0.4) + 
Acanto® (0.25) 

Proline® (0.4) + 
Seguris Flexi® (0.6) + 
Phoenix® (1.5) 

Proline® (0.4) + 
Seguris Flexi® (0.6) + 
Phoenix® (1.5) 

3.5 9.6 -11

18 F18-01 (1.5) + 
Phoenix® (1.5) 

F18-01 (1.5) + Phoenix® 
(1.5) 

0.8 10.2 * 

19 Seguris Flexi® 
(0.6) + Phoenix® 
(1.5) 

Seguris Flexi® (0.6) + 
Phoenix® (1.5) 

6.1 9.6 122 

Mean 10.2 9.7 155 

P value <0.001 <0.001 <0.001 

LSD (p=0.05) 8.4 0.6 171 

CV (%) 3.6 

Note: Yellow indicates the treatments that were amongst those that produced the greatest seed yield or MoC. *experimental treatment only. Acanto® (a.i. 
250 g/L picoxystrobin, Group 11 fungicide); Bravo® Weatherstik (a.i. 720 g/L chlorothalonil, Group M5 fungicide); Phoenix® (a.i. 500 g/L Folpet, Group M4 
fungicide); Proline® (a.i. 250 g/L prothioconazole, Group 3 fungicide); Seguris® flexi (a.i. 125 g/L isopyrazam, Group 7 fungicide), F18-01 (coded product). 
1LAA (%), percent leaf area affected by RLS. 2MoC, margin over fungicide cost. Grain price calculated at $390/t source: NZX Grain and Feed Index. 
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Spring barley fungicide programmes for control of Ramularia collo-cygni 

Project code C19-06 

Duration  Year 2 of 7 

Author  Jo Drummond 

Location  Chertsey Arable Research Site, Mid Canterbury 

Funding FAR  

Acknowledgements NZ Arable (trial operator) Ashley Harrison (FAR) 

Key points 

• Untreated plots produced an average yield of 8.6 t/ha compared to an average yield of 9.1
t/ha in plots where fungicides were applied. This equated to a yield loss of up to 9.5% when
fungicides were not used.

• All fungicide treatments resulted in a reduction in leaf rust severity and grain yield, although
the multi-site Phoenix® (Treatment 4) was the least effective fungicide at reducing leaf rust.

• All fungicide programmes containing Phoenix® substantially reduced RLS when compared
with the untreated control and other treatments, with the exception of the treatment
containing the coded product F18-01.

• A reduction in RLS resulted in no additional yield response when compared to those unable
to reduce RLS disease, suggesting that leaf rust was responsible for the majority of yield loss.

• The coded product F18-01 provided robust control of leaf rust as well as an equivalent
reduction in RLS to Phoenix®.

• Dual disease control by F18-01 could provide increasingly important flexibility in the RLS
fungicide programmes on barley. F18-01 (coded product) is now available as a registered
fungicide Revystar®.

• Despite a reduction in disease and an increase in yield, none of the fungicide programmes
significantly improved the profitability of the spring barley crop.

• The SDHI Seguris Flexi® and the DMI Proline® failed to reduce RLS severity substantially,
raising questions as to the sensitivity of New Zealand’s Rcc population to these fungicides.

Background 
Ramularia leaf spot (RLS), caused by the fungus Ramularia collo-cygni (Rcc) results in yield losses in 
both autumn and spring sown barley crops in New Zealand. In recent seasons, arable growers have 
experienced increasing difficulties in controlling Ramularia, with New Zealand’s Rcc population 
showing decreasing sensitivity to many of the fungicides used for disease management in this crop 
(FAR 2018), and little tolerance or resistance in available cultivars.  

The objectives of this trial in spring sown barley were to: 1. investigate the most effective and 
economically viable disease management programmes for the control of RLS in barley crops in New 
Zealand; 2. independently evaluate the efficacy of the multi-site active Phoenix®, the DMI Proline®, 
the SDHI Seguris Flexi® and a new active ingredient F18-01; 3. obtain new data on cultivar resistance 
or susceptibility. For data from the 2019-20 fungicide trial on an autumn sown barley crop, refer to 
the relevant report in this booklet.  

Methods 
The trial was established using spring barley cultivar ‘Laureate’ at the FAR’s Chertsey Arable Research 
Site, Mid Canterbury. Cultivar ‘Laureate’ does not have a rating for RLS. The trial was sown on 11 
September 2019. The trial had 10 treatments and 4 replicates in a randomised complete block 
design. All treatments in the trial had the same management, including an application of 0.25 L/ha 
Acanto® (picoxystrobin) at growth stage (GS) 30 to prevent leaf rust (Puccinia hordei), with the 
exception of the experimental fungicide programmes (Table 1). Consistent with the autumn sown 
barley trial, to monitor the ongoing efficacy of fungicides, the SDHI Seguris Flexi® and the multi-site 
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fungicide Phoenix® were applied as solo treatments for experimental purposes despite the need for 
mixing partners when using them commercially.  

At each assessment timing, 10 main stems/plot were selected and leaf rust and RLS disease were 
assessed on the three highest leaves showing infection. The trial was harvested on 17 February 2020. 
Statistical analyses of disease assessments, yield and Margin-over-Cost (MoC) were by general 
ANOVA using Genstat® 19th Edition (VSN International Ltd, UK). Treatment means were compared 
using the unrestricted least significant difference (LSD) at P=0.05. 

Results and Discussion 
In 2019-20, conditions at the trial site were cool and dry through stem extension and emergence and 
were warm and dry through grain fill. These conditions meant the crop retained green leaf area until 
after grain fill when low amounts of RLS and leaf rust developed on the top two leaves in untreated 
plots, resulting in an average yield of 8.6 t/ha (Table 1). This yield compared to an average yield of 
9.1 t/ha in plots where fungicides were applied, and equated to a yield loss of up to 9.5% when 
compared to the best performing treatments (Table 1).  

All fungicide treatments resulted in a reduction in leaf rust severity and grain yield, although the 
multi-site Phoenix® (Treatment 4) was the least effective of the fungicides at reducing leaf rust (Table 
1). The relative lack of efficacy against leaf rust by Phoenix® (when used as a solo) corresponded with 
a reduction in the yield of the crop in this treatment relative to fungicide programmes where leaf 
rust was controlled (Table 1).  

In contrast, all fungicide programmes containing Phoenix® substantially reduced RLS when compared 
with the untreated control and, with the exception the treatment containing the coded product F18-
01, all those not containing Phoenix® (Table 1). However, a reduction in RLS resulted in no additional 
yield response when compared to those unable to reduce RLS disease (Table 1), suggesting that leaf 
rust was responsible for the majority of yield loss in this trial (rather than RLS).   

In its second year of FAR trials, the coded product F18-01 provided robust control of leaf rust as well 
as an equivalent reduction in RLS to Phoenix®, when Phoenix® was used either as a solo or in a 
mixture with other active ingredients (Table 1). No other chemistry provided this dual disease 
control, which, if added to different mixing partners for fungicide resistance management, could 
provide increasingly important flexibility in the RLS fungicide programmes on barley.  

Despite a reduction in disease and an increase in yield, none of the fungicide programmes 
significantly improved the profitability of the barley crop (as measured by the MoC). In fact, some 
resulted in a loss in revenue when compared to other treatments (Table 3). 

As in the autumn sown barley trial, we continued to monitor the efficacy of individual products by 
applying solo applications of fungicides in some treatments. Under the low disease pressure 
conditions in this spring sown trial (10 % leaf area affected by RLS in the untreated control compared 
with 45 % in the equivalent untreated control treatment in the autumn sown trial (see autumn sown 
barley report)), the SDHI Seguris Flexi® and the DMI Proline® failed to reduce RLS severity 
substantially. This was in contrast to results in the autumn sown barley trial, where both products 
reduced RLS disease severity by almost half. The differences in the relative efficacy of Seguris Flexi® 
and the DMI Proline® in the two 2019-20 trials may be a result of differences in the disease pressure 
that may be associated with spring versus autumn sowing. Weather conditions in the current trial 
prior to GS 31 applications and post flowering were not conducive to RLS development. 
Nevertheless, their efficacy does appear to be consistently less than other products, raising questions 
as to the sensitivity of New Zealand’s Rcc population to these fungicides. Widespread insensitivity is 
likely, especially given that other treatments in the trial consisting of an SDHI mixture containing two 
group 7 active ingredients or a Seguris Flexi® and Proline® mixture also resulted in little suppression 
of RLS. The results of laboratory assays on Rcc isolates collected from barley are available in a 
separate report in this booklet.   
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Summary 
Late development of RLS and leaf rust in the 2019-20 spring barley trial resulted in yield loss of up to 
9% compared with 19% in 2018-19, when disease was present prior to grain fill. Under this relatively 
low disease pressure, all non-experimental fungicide programmes still increased yield, but few (if 
any) resulted in greater profitability of the crop. The increase in yields in plots treated with fungicide 
appeared to be a result of leaf rust control rather than RLS, as the treatment using the experimental 
solo application of Phoenix® was the only treatment with a similar yield to the untreated control. 
Phoenix® has a relatively low efficacy against leaf rust whereas it provides excellent control of RLS 
when used for this purpose. These results demonstrate the importance, for the profitability of the 
crop and fungicide resistance management, of seasonal crop monitoring for disease pressure and 
differentiating which diseases are most likely to have an impact. The dual disease control provided by 
the coded product F18-01 would seem to support such an approach, providing the necessary 
flexibility to design profitable and resilient barley disease management programmes.  

Finally, the addition of the multi-site Phoenix to fungicide programmes significantly reduced RLS 
severity. As in the autumn sown barley fungicide trial, Phoenix® was applied outside of the label 
application timing of GS 39 in all treatments. However, the use of Phoenix® at GS 49 is now 
commercially approved as the label for Phoenix® has recently been updated to allow this fungicide to 
be applied in barley up to GS 59. 

References 
FAR 2018. Cropping Strategies Issue 8 – A summary of recent research findings: Cereal Disease 
Management (Revised 2018). Disease control in wheat and barley. 
https://www.far.org.nz/articles/454/issue-8-cereal-disease-management-revised-2018 
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Table 1. Ramularia leaf spot (RLS), grain yield at 14% moisture and economic margins following fungicide treatments on spring sown barley cultivar 
‘Laureate’ at the FAR Arable research Site in Chertsey, in the 2019-20 season. 

Treatment 
No. 

Fungicide product, rate of application (L/ha), and growth stage (GS) and date when applied 
LAA RLS1 

(%) 
LAA leaf 
rust1 (%) 

Yield 

(t/ha) 

MoC2 
($/ha) 

GS 30 (T0) GS 31 (T1) GS 49 (T2) 

25.10.19 13.11.19 5.12.19 

1 

Acanto® 
(0.25) 

Nil Nil 10.5 6.1 8.6 0 

2 Proline® (0.4) Proline® (0.4) 9.9 2.4 9.2 125 

3* Seguris Flexi® (0.6) Seguris Flexi® (0.6) 8.9 2.1 9.1 35 

4* Phoenix® (1.5) Phoenix® (1.5) 2.6 4.8 8.6 -112

5 F18-01 (1.5) F18-01 (1.5) 2.7 2.3 9.3 21 

6 Proline® (0.4) + Imtrex® (1.25) Proline® (0.4) + Imtrex® (1.25) 8.2 2.0 9.3 -1

7 Proline® (0.4) + Phoenix® (1.5) Proline® (0.4) + Phoenix® (1.5) 3.2 2.4 9.2 52 

8 Proline® (0.4) + Seguris Flexi® (0.6) Proline® (0.4) + Seguris Flexi® (0.6) 8.3 1.6 9.3 61 

9 
Proline® (0.4) + Seguris Flexi® (0.6) + 
Phoenix® (1.5) 

Proline® (0.4) + Seguris Flexi® (0.6) 
+ Phoenix® (1.5)

2.4 2.2 9.2 -42

10 
Proline® (0.4) + Acanto® (0.25) + 
Phoenix® (1.5) 

Proline® (0.4) + Seguris Flexi® (0.6) 
+ Phoenix® (1.5)

2.4 1.4 9.5 73 

Mean 5.9 2.7 9.1 21.2 

P value <0.001 <0.001 <0.001 0.04 

LSD (p=0.05) 2.8 1.1 0.3 130 

CV (%) 2.3 

Note: Yellow indicates the treatments that were amongst those that produced the greatest seed yield or MoC. *experimental treatment only. Acanto® (a.i. 
250 g/L picoxystrobin, Group 11 fungicide); Imtrex® (a.i. 62.5 g/L fluxapyroxad, Group 7 fungicide); Phoenix® (a.i. 500 g/L Folpet, Group M4 fungicide); 
Proline® (a.i. 250 g/L prothioconazole, Group 3 fungicide); Seguris® flexi (a.i. 125 g/L isopyrazam, Group 7 fungicide), F18-01 (coded product). 1LAA (%), 
percent leaf area affected by RLS or leaf rust. 2MoC, margin-over-fungicide cost. Grain price calculated at $390/t source: NZX Grain and Feed Index. 
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Endophytes for improved resistance to biotic and abiotic stresses of cereals 
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Key points 

• ‘TACBOW11’ experimental wheat (Chinese spring with chromosome substitutions) generated
seeds that were highly infected with the Epichloë endophyte strain AR3002 have been
obtained from endophyte-infected plants. AR3002 produces bioactives against insects and
has been identified as the first non-toxic endophyte to give a normal phenotype plant and
transmit endophyte to grain in wheat.

• Previously it has been demonstrated that Epichloë endophytes in wheat can reduce damage
caused by Argentine stem weevil (Listronotus bonariensis). It has now been confirmed that
these endophytes also reduce damage caused by wheat sheath miner (Cerodontha australis).
Testing for aphid (Rhopalosiphum padi) resistance is underway for four endophyte strains in
‘TACBOW11’ wheat.

• Using an endophyte collected from Hokkaido, our Japanese collaborators at University of
Tottori, have shown strong suppression of aphids feeding on wheat in a detached leaf assay.
This is the first endophyte-wheat association to be identified as controlling a species of
aphid.

• Preliminary work to introgress compatibility genes into elite wheat cultivars has been
progressed through crosses at the University of Adelaide and in New Zealand.

• AR3002-infected wheat seed is being used for a sub-chronic feeding trial of mice. While some
results are still being obtained, to date there is no evidence of any toxicity or animal health
issues associated with this Epichloë endophyte strain in the grain.

• New Collaborative Research Agreements have been signed with University of Adelaide and
Plant Research Ltd (NZ) to undertake further crossing programmes in FY21 between infected
germplasm and modern Australian and New Zealand wheat cultivars, respectively.

• Plant Research Ltd in New Zealand is conducting a wide breeding programme whereby
modern triticale is being crossed with endophyte-infected rye, with the aim of using triticale
as a bridge to achieve compatible endophyte-wheat associations. In Australia, PastureWise
has progressed a rye crossing program with a number of pair crosses (‘Rahu’ x Australian
germplasm) containing strains AR3002 and AR3074.

• In agronomic trials in New Zealand (undertaken by FAR), endophyte infection of rye had
similar responses to previous years, with delayed early development overcome later in the
crop’s growth. Grain yields were similar or lower with AR3002 (unlike previous years when
yields were higher for the AR3002 infected material), while leaf rust (Puccinia recondita)
severity was lower. This can be attributed to endophyte infection rather than breeding for
better plant genetics during the development of endophyte-infected rye.

Background 
Epichloë species are endophytic fungi that form natural associations with many grass genera and 
tribes of the subfamily Pooideae (Schardl et al. 2004), including ryegrasses important to Australia and 
New Zealand (Easton 2007; Easton & Fletcher 2007). The asexual Epichloë species used for pastoral 
agriculture in many countries are uniquely seed-transmitted within their host populations. Plant 
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breeding initiatives in other grasses (ryegrass and fescue) have been enhanced significantly with the 
introduction of novel Epichloë endophytes and similar improvements in cereal-endophyte 
associations resulting in better expression of secondary metabolites is expected (Johnson et al. 
2013).  The specific characteristics of associations vary (Faeth & Saikkonen 2007; Rudgers & Clay 
2007) but the fungus commonly enhances the fitness of the host by increasing tolerance to water 
and nutrient limitations (Malinowski et al. 2005; Malinowski & Belesky 2000), and by protecting from 
insect and other invertebrate pests (Popay & Bonos 2005). This latter effect is mediated by bioactive 
compounds, some very well characterised, such as peramine, the lolines and epoxy janthitrems (Bush 
et al. 1997; Lane et al. 2000; Tapper & Lane 2004). 

Modern cereals are not naturally infected with Epichloë endophytes, but some of their wild relatives 
are (Simpson et al. 2014). It is hypothesised that during the evolution of modern cereals, agricultural 
practices such as storing seed may have led to the loss of the original association. Our aim is to 
identify Epichloë isolates taken from wild relatives of cereals and then inoculate strains of endophyte 
with appropriate properties into elite cereal genotypes. This programme will result in the 
development of functional associations between elite cereal cultivars (wheat and rye) and 
endophytic Epichloë fungi.  These will protect the cereals from invertebrate pest attack (pre- and 
post-harvest) and potentially enhance their tolerance of abiotic stresses (e.g. heat, cold, water). The 
endophyte-produced bioactive molecules providing these beneficial effects will not be harmful to 
humans or livestock and will not impair the nutritive or health characteristics of cereal forage or 
grain.   

Methods 
The programme is managed through 7 sub-programmes: 

1. Endophyte-infected wheat with tolerance/resistance to pests and diseases - Endophyte-infected
wheat will be developed that has improved resilience resulting from enhanced pest and/or disease
tolerance/resistance.

a) Wheat will be inoculated with endophytes already identified as active against pests
and/or diseases, and which are mammalian-safe based on chemistry profile.

b) The newly established wheat/endophyte associations will be screened for their ability to
reduce pests (aphids, wheat sheath miner, red-legged earth and/or blue oat mites, and
nematodes) and fungal diseases (e.g. rust Puccinia spp.), and be evaluated for
compatibility.

2. Endophyte-infected elite wheat - Develop elite endophyte-infected wheat for New Zealand and
Australia in which the endophyte completes its full lifecycle within the cereal plant.  These
endophytes will be evaluated for enhancing the agronomic performance of the crop.

a) Use of pre-breeding lines to initiate introgressions of compatibility genes into elite
wheat cultivars. Perform crosses of ‘TACBOW11’ AR3002 with a range of wheat cultivars
out of containment in New Zealand and Australia.

b) Host genetics underlying compatibility of TACBOW wheat alien addition/substitution/
deletion lines.

c) Fundamental understanding of endophyte-wheat compatibility. Key stages during the
establishment of the symbioses between endophyte and the natural (Elymus) host and a
wheat host will be identified to provide an understanding of the biological processes
involved in endophyte-cereal compatibility.

3. Commercialisation activities - Ensure the commercial release of wheat and rye endophyte
products. 

a) Intellectual property protection - Continue to monitor science programme advances for
new IP (e.g. efficacy of new strains) and undertake appropriate protection methods.

b) Wheat endophyte products in Australia and New Zealand - Work with commercial
breeders to integrate endophyte-compatible germplasm into elite Australian-adapted
and New Zealand-adapted wheat cultivars.

65



c) Wheat endophyte products outside Australia and New Zealand - Work with DuPont
Pioneer in USA and Bayer, KWS, Limagrain and RAGT in Europe to develop wheat
endophyte products.

d) Rye endophyte product with KWS Germany - Work with KWS to inoculate endophytes
into elite germplasm, establishing efficacy and breeding for compatibility for European
market.

e) Rye endophyte product in New Zealand and Australia - Work with local breeding
companies (Plant Research and PastureWise) to inoculate endophytes into elite
germplasm, establishing efficacy and breeding for compatibility for the New Zealand and
Australian market.

4. Animal safety testing of endophyte-infected elite cereals - Undertake mammalian testing of grain
containing endophyte using recognised methods suitable to initiate discussion with regulatory
bodies.  Determine the effects of feeding endophyte-infected cereals to farmed animals.  Test
monogastric toxicity of any endophyte-expressed metabolites isolated to provide direction to the
research programme.

a) Rye and wheat endophyte products in New Zealand - Re-engage with FSANZ and update
them on the programme, and gain a determination of cereal endophytes as being
included in the “novel food” category for regulatory purposes.

b) Testing monogastric toxicity of endophyte-infected wheat with mice - endophyte-
infected wheat (‘TACBOW11’ AR3002) will be used to perform toxicological testing on
mice.

c) Testing ruminant toxicity of endophyte-infected cereals with sheep at Lincoln - We have
data on AR3002-infected ‘Rahu’ rye for sheep fed forage, silage and grain. Results raised
no concerns for animal health and performance. Future work will focus on endophyte-
infected wheat as it becomes available.

5. Agronomic practices and seed storage
a) Effects of grain-applied fungicides - Evaluate the effects of grain-applied fungicides on

endophyte transmission to plants of ‘Rahu’ rye in New Zealand.
b) Effects of storage conditions - Assess the effects of storage conditions on viability of

endophytes in grain of ‘Rahu’ rye. Two experiments were completed over the previous 4
years.  This year, the data will be compiled and fully statistically analysed to enable a full
report to be completed.

6. Agronomic evaluation of elite endophyte-infected cereals - Evaluate the agronomic efficacy of
endophyte-infected cereals in field trials to quantify improved grain and forage yields achieved
through reductions in invertebrate pests and diseases, and possible mitigation of environmental
stresses such as temperature extremes, drought stress and other soil factors such as salinity.
Initial work will be on rye, with work on wheat commencing when sufficient grain is available.

a) Agronomic evaluations - Conduct a trial at the FAR Lincoln Kowhai Research Site to
evaluate the effects of endophyte and the interactions with foliar-applied
fungicides/insecticides and irrigation. Assess for pests and disease during the growing
season.  Measure crop growth, grain yield and endophyte transmission to grain.

b) Increase stocks of ‘Rahu’ rye seed and TACBOW experimental wheats in New Zealand for
further agronomic evaluations and/or inoculation - Grow and harvest grain from ‘Rahu’
rye seed multiplications for ‘AR3068 2018-19 selection’ and ‘Nil 2016-17 selection’ by 31
March 2020 at Lincoln.

c) In Victoria Australia, select for endophyte transmission and grain yield and increase seed
stocks of rye and experimental TACBOW wheat – work is in progress to undertake
spaced-plant selections to improve endophyte transmission and plant growth for
AR3002 and AR3068/AR3074 endophyte-infected ‘Rahu’ rye by 28 February 2020.
Undertake small scale multiplication of the best Australian ‘Rahu’ lines after testing
progeny for high germination and endophyte transmission. Conduct a small plot
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agronomy trial near Meredith, Victoria, Australia to assess forage and grain yields of 
endophyte-infected ‘Rahu’ rye compared with endophyte-free ‘Rahu’ rye. 

7. Endophytes with potential utility
a) Germplasm collections in Central Japan and in China.
b) Characterisation of Epichloë-infected accessions.
c) Screening historical germplasm for endophyte to assist in developing a case to EPA for

general release of all cereal Epichloë endophytes.

Results and Discussion 
1. Endophyte-infected wheat with tolerance/resistance to pests and diseases
Seed increases this year were completed for TACBOW experimental wheat lines generating 440 g of
seed from AR3002-infected plants. Transmission of endophyte to seed was high, with the vast
majority of single plant seed accessions testing as 100% endophyte positive. Approximately 40 g of
this seed has been entered for further seed multiplication in the 2020-21 year at Grasslands and
Lincoln, and 360 g of infected seed (along with endophyte-free control ‘TACBOW11’) sent to
AgResearch Ruakura for use in mammalian toxicity testing with mice.

In a successful collaboration at the University of Adelaide four endophyte strains were inoculated 
into 20 selected TACBOW lines, two bread wheats and three introgression lines.   

A significant achievement of the programme was demonstrating for the first time that several 
endophyte strains are bioactive in wheat, through reducing insect damage for Argentine stem weevil 
(Listronotus bonariensis). Indications of bioactivity were apparent for wheat sheath miner 
(Cerodontha australis), however the damage levels were too low for statistical analysis.  Further 
testing this year has confirmed that AR3002 is bioactive against wheat sheath miner:  AR3002-
infected ‘TACBOW11’ plants had no larval mining whereas 17% of the tillers for the endophyte-free 
plants had mining. 

2. Endophyte-infected elite wheat
Work to introgress compatibility genes into elite wheat cultivars from TACBOW experimental wheats
has continued. In New Zealand, ‘TACBOW11’ AR3002-infected plants have been crossed with elite
wheat cultivars (‘Katana’, ‘Axe’, ‘Morph’ and ‘Sensas’). Crosses have had partial success with only a
limited number of seeds harvested. The seeds have been of small size except for three seeds from
Morph x ‘TACBOW11’ and ‘Sensas’ x ‘TACBOW11’.

In fundamental research undertaken to understand endophyte-wheat compatibility, 29 AR3060 
candidate protein effectors have been cloned, sequenced and screened for their capacity to elicit 
plant defence reactions in the leaves of two tobacco species. Four of these putative effectors trigger 
cell death suggesting that they are recognised as potential pathogen proteins by these non-host 
plants. This result doubles the number of bioactive genes identified and demonstrates the existence 
of an evolutionarily conserved effector recognition mechanism in plants in response to pathogenic 
and symbiotic fungi. Our goal is to evaluate the role of these four putative effector genes in AR3060 
during infection of their native host and with wheat. 

3. Commercialisation activities
The Secale endophyte patent has been granted in Australia (March) and Ukraine (January), and is
ready to be granted in Europe. A final list of countries to continue prosecution in for patents AR3002
and TACBOW will need to be decided on before August 2020.

Collaborative Research Agreement with the University of Adelaide has developed into a strong 
collaboration and has achieved considerable success in inoculating Epichloë strains into TACBOW 
spring wheat. Over 100 seed lines have been obtained that appear to be infected and are now ready 
for crossing to elite Australian wheat germplasm. In May 2020, a new research collaboration 
agreement was signed with University of Adelaide for them to undertake a crossing programme of 
endophyte-infected TACBOW wheat lines with Australian commercial wheat cultivars.  
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Australian cereal breeding companies AGT, InterGrain and LongReach have all shown excellent 
interest, support, and enthusiasm for the programme. We have received letters of commitment from 
AGT and InterGrain and now we have instruction from LongReach to scope out a collaborative 
programme using their wheat genetics in a crossing programme. They are prepared to commit both 
in-kind contributions and funding.  

The Cereal Endophyte Workshop was held in Adelaide on 29 and 30 January 2020. Attended by 20 
people from University of Adelaide, PastureWise, GRDC, FAR, AgResearch and Grasslanz, this 
workshop focused on continuing to building a collaborative effort to deliver endophytic wheat 
germplasm better suited to the biotic and abiotic challenges in Australia and New Zealand.  

In New Zealand, investment is targeted towards the benefit of the New Zealand growers by Plant 
Research Ltd and PGG Wrightson Seeds through crossing endophyte infected TACBOW wheats with 
elite New Zealand wheat cultivars.  

4. Animal safety testing of endophyte-infected elite cereals
The first test of mammalian toxicity of endophyte-infected wheat began in June with three treatment
groups in which mice are fed a normal mouse food, a diet containing 30% endophyte-free wheat
grain, or a diet containing 30% AR3002 endophyte-infected grain.  A diet containing 30% seed has
previously been shown to be palatable to mice. A new approach of ‘pulse feeding’ is being used to
replicate human behaviour of ‘meal times’ rather than mice eating over a much longer time period.
The difference in feeding behaviour could influence toxicokinetics and how compounds are
absorbed. The mice were fed for 3 weeks.  The bodyweight and food consumption of mice was
measured daily and motor coordination, grip strength, blood pressure and heart rate were measured
weekly. At the conclusion of the feeding period, mice were euthanised and a blood sample taken for
haematology/ blood chemistry, necropsies performed, major organs weighed, and samples of organs
and tissues taken for histopathology. Results obtained to date have shown no toxicity issues
associated with feeding AR3002 wheat grain to mice.

5. Effective grain production and testing of elite endophyte-infected cereals
Three seed fungicide treatments were selected based on modes of action for products available on
the New Zealand market. These were evaluated for effects on endophyte when applied as ‘seed
dressings’. The three products tested – Systiva® (SDHI), Rancona® Dimension (Triazole +
Phenylamide) and Kinto™ Duo (Triazole + Imidazole) – proved to have no impact on transmission of
AR3002 and AR3068 endophytes in ‘Rahu’ rye seedlings when tested at the tillering stage (GS13-25).
These results are similar to a previous experiment where five foliar-applied fungicides had no or little
effect on transmission of endophyte to the harvested seed. Endophytes in rye are proving to be
relatively robust, despite our expectations from equivalent research on endophytes in pasture
grasses that some fungicides would be detrimental to endophyte transmission.

6. Agronomic evaluation of elite endophyte-infected cereals
A rye agronomic trial at Lincoln was run this year at the new FAR Kowhai block. Four endophyte
treatments were evaluated: the original nil endophyte line, the 2018/19 AR3068 selection, the
2016/17 AR3002 selection and the 2016/17 AR3002 selection but with the endophyte removed.
Management treatments were soil moisture (+/- irrigation) and +/- fungicides.

Overall results are similar to previous years, with AR3002 delaying the development of the crop. The 
crop was shorter than nil endophyte lines but produced similar numbers of tillers. The AR3002 line 
produced less biomass at early green chop cereal silage (GS 30), although endophyte-infected lines 
had overcome any developmental delay by harvest of whole crop cereal silage. There was a 3.4 t/ha 
yield response to irrigation and a 2.3 t/ha yield response to fungicide. While overall grain yields were 
higher than 2017 and 2018 trials, unlike previous trials, AR3002 yields were lower than nil endophyte 
lines in 2019/20 from machine plot harvesting. Hand harvesting from quadrats indicated no 
significant grain or straw yield differences between lines. There were similar yield responses of 
approximately 1 t/ha to irrigation and fungicide. 
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The season was characterised by low disease pressure, however, significantly less leaf rust (Puccinia 
recondita) was observed in AR3002 plots. In all assessments, the AR3002 Nil endophyte line behaved 
as a true endophyte-free line, suggesting the suppression of leaf rust was the result of endophyte 
rather than plant breeding. 

7. Endophytes with potential utility
Further germplasm collecting trips were successfully undertaken in 2019 with our Japanese and
Chinese collaborators. In central Japan, 154 accessions of Elymus were collected, while in China, 241
accessions of primarily Leymus and Elymus were collected from Shanxi and Shaanxi – provinces
where we have not previously collected.

Summary 
The programme has previously delivered Epichloë infected rye germplasm that has shown increased 
resistance to pests and diseases, with no negative impacts on grain yield.  Work has more recently 
achieved infection of wheat germplasm with beneficial endophytes that can be transferred to 
subsequent generations. Initial results for testing for whole endophytic wheat grain toxicity with 
mice has shown no issues for concern. The focus is now on breeding these endophytes into modern 
wheat germplasm and, to achieve this, we have contracted Plant Research Ltd (in New Zealand) and 
University of Adelaide. We are also in discussion with PGG Wrightson Seeds cereal breeders. This 
programme has been, and continues to be, technically challenging but with significant investment 
from GRDC, FAR, Grasslanz and the New Zealand Government it is now on the cusp of yielding 
important outcomes for wheat breeding in both New Zealand and Australia. The result will be lower 
input requirements in cereal crops through the endophyte providing improved biotic (pests and 
disease) and abiotic (drought) tolerance. With a future requiring lower synthetic chemistry inputs 
and improved water management this technology will provide a potential solution. 
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