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Introduction
The Foundation for Arable Research’s Cropping Strategies were introduced in 2011 with the aim of summarising FAR’s 
research results over the last three to five years, and asking what those results meant for crop management. Farmers and 
advisers have consistently asked for concise summaries of “what this research means for me”.  Each section of the strategy 
documents begins with a summary of options that have performed well in independent FAR trials. The summary section 
is followed by examples of consolidated trials research which form the basis of the management options presented in the 
summary.

This Cropping Strategies booklet, Cereal Disease Management, focuses on key fungicide products, rates and timings for 
disease management strategies in autumn sown barley, spring sown barley and autumn sown wheat. 

New for this issue
This issue of the Cereal Disease Management Cropping Strategy has been revised to take into account:

• Recent FAR research results on SDHI fungicides.

• The introduction of a new active ingredient.

• Increased emphasis on fungicide resistance following the recent discovery of strains of Septoria tritici blotch (STB) which 
   are resistant to SDHIs in Europe.

The Cereal Disease Management Cropping Strategies booklet outlines the disease management options that have 
provided better economic returns from trials over the last two years and takes account of recent changes in the resistance 
of key pathogens to fungicide application. It is important that strategy documents produced prior to the advent 
of resistance are not used as reference for crops grown now, because of the advent of resistance and newer 
product availability. 

The tactical application of this Cropping Strategy will be updated in FAR Crop Actions.

We hope that you find the information presented in this strategy document both interesting and economically rewarding 
in the management of your crops.

Nick Poole

Director of Research and Extension

Other Cropping Strategies available:
Issue 1: Nitrogen Application in Wheat (2011)

Issue 2: Nitrogen in Perennial Ryegrass Seed Crops 
 and 
 Canopy Management Strategy for Autumn Sown Oilseed Rape (2011)

Issue 4: Nitrogen Application in Wheat and Barley (2013)

Issue 5: Cereal Disease Management (2014)

Issue 6: Closing Date in Perennial Ryegrass (2016) 
 and 
 Closing Date in Italian Ryegrass
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What’s changed since 2013?
i)  Weather conditions
The last two growing seasons have resulted in generally lower disease pressure for wheat crops compared to those 
observed in 2012 and 2013. This was particularly the case in 2015. Drier spring conditions have restricted the development 
of the wet weather disease Septoria tritici blotch (STB) caused by the fungal pathogen Zymoseptoria tritici and disease 
in general. 

• In 2014 although initial development of disease was reduced by drier conditions in September and October it was 
November that kept the disease actively ticking over particularly in longer season irrigated crops. 

• In 2015 despite reasonable rainfall in September and January (2016), October and November were relatively dry. 

• October and November generally coincide with the emergence of the top two leaves of the crop canopy and the 
application of fungicides to protect them. 

Therefore although it will vary with region, it is the growth stages between GS31 (first node) and GS59 (ear emergence) 
that appear pivotal for disease development and although there will be regional variation, October and November weather 
patterns coincide with this development period, for autumn planted wheat.

ii) FAR trial results
Over the last two years FAR trial results have shown lower yield responses to controlling disease and in a number of trials 
have shown uneconomic response to disease control. During 2014 and 2015 trials have been conducted on both disease 
resistant and susceptible cultivars, both irrigated and dryland crops as well as early and later sowings.

In this section of the book we examine how these results can help with decision making in coming seasons but within the 
constraints of making sure we don’t farm this season’s crop based on last season’s weather patterns.

iii) Septoria and net blotch resistance to Succinate Dehydogenase Inhibitors 
(SDHI) in Europe
SDHI resistant strains of Septoria and Net blotch pathogens have been identified in the laboratory in Europe. At present 
the frequency is such that these mutations are unlikely to affect field performance in 2016, however in 2017-18 it is less 
clear that will be the case. The initial mutations uncovered in the STB pathogen population were relatively benign however 
the more recent mutations uncovered in Ireland and now in the UK are far more serious, with half and full rate applications 
of SDHI in the lab failing to give control. This emphasises the need for us to monitor the New Zealand STB population for 
any changes in terms of sensitivity to fungicides. At present the SDHI monitoring programme funded by FAR, Plant & Food 
Research, Bayer Crop Science, BASF and Syngenta has not picked up any changes in the effectiveness of SDHIs.

Disease control in wheat

Figure 1. Monthly rainfall at Chertsey: September - January 2013 - 2015.Septoria tritici blotch – note black speckles, which are fungal pycnidia on the lowest senescing leaves of an autumn 
planted wheat crop. The visible black pycnidia are the most characteristic feature of STB.
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Role of an Integrated Disease Management (IDM) approach
Before any fungicides have been applied consider the other factors and decisions you have made and how they 
will affect disease pressure and therefore the need for fungicide. Consider the points below as they may reduce the 
need for fungicides and aid with the development of a more Integrated Disease Management (IDM) approach:

•	 Your farming location and diseases that are prevalent in that region – for example in Otago and 
Southland (and to certain extent south Canterbury) leaf rust in wheat is rarely an issue. 

•	 Other integrated disease management factors you may have already considered: 
• Is your cultivar resistant to diseases prevalent in your region? 
• The way you have managed your stubble if it is a stubble borne disease such as STB or tan spot; or your 
 control of green bridge volunteers if it is a biotrophic disease needing a living host, such as the rusts.

•	 The weather conditions experienced before your fungicide application - prolonged wet weather 
increases the prevalence of most diseases as it is associated with greater canopy humidity which favours 
infection.

•	 Rotation position – wheat on wheat or barley on barley are higher risk rotations for stubble borne diseases, 
particularly if the stubble is retained.

The appropriate fungicide programme generating the highest economic margin will vary with:

Higher fungicide input required   Lower fungicide input required

More wheat grown in region    Less intensive wheat production in region

Susceptible cultivar     More resistant cultivar

Earlier autumn sowing date    Later autumn sowing date 

Stubble borne diseases more difficult to control  Stripe and leaf rust more easily controlled. 

Wet spring months     Drier spring 
(October and November particularly)

Irrigation - thicker canopy with longer duration  Dryland (thinner canopy, shorter duration, 
(greater humidity)     lower humidity)

Once these factors have been taken into account, the crop itself becomes the barometer for action. What 
disease is present, what growth stage is the crop at and what disease is established in the crop?

On which leaf is the disease present?
It is worth noting that depending on the length of the latent period, the position of disease in the canopy may differ 
with optimum conditions. For example, STB has a latent period of approximately 250oC days in thermal time; in 

contrast the latent period for tan spot is less than 100oC days. With optimum conditions up to flag leaf, STB will 
be present two leaves behind the newest emerging leaf as it takes approximately 110oC - 120oC days for a leaf to 
emerge. Tan spot, under optimum conditions, may be present on the leaf below the emerging leaf up to flag leaf. 
This doesn’t mean the leaves above the infection are free of the disease, rather, that the disease is in its latent phase 
and cannot yet be seen with the naked eye.

Fungicide application – timing, products and rates
GS30 (End of tillering/start of stem elongation)
Where stripe rust is present or early sowing (late March/early April) has encouraged high levels of STB, consider 
epoxiconazole (e.g. Opus 125 SC, Stellar 125 SC, Accuro 125 SC) at 25-50% doses for stripe rust control and 100% 
doses for STB control to act as a holding spray until GS32. 

GS31-32 (1st - 2nd node on main stem)
The nodal growth stages GS31-32 traditionally coincide with leaf 3 emergence (the leaf two leaves below the flag). 
This is the first of the important top three leaves to emerge in the crop canopy and it is critical to keep all three leaves 
as disease free as possible.

Consider basing T1 applications on at least 75% dose rates of triazole e.g. Opus (epoxiconazole) 0.75 l/ha or Proline 
(prothioconazole) 0.6 l/ha. Proline has been more effective toward the 75% end of the 75-100% (0.6 - 0.8 l/ha) dose 
range than Opus in FAR trials against STB. Note that with Proline the reference is to the highest rate on the label for 
wheat which is 0.8 l/ha, i.e. 75% of the 0.8 l/ha rate.

More resistant scenarios with lower disease pressure
Where cultivars are more resistant and or late sowing has reduced disease pressure, consider applying epoxiconazole 
alone (for rusts) or prothioconazole alone (for STB) or in a mixture with a second triazole such as tebuconazole 
(eg Prosaro) to give greater efficacy if STB and rust are both present.

For both resistant and intermediate disease scenarios you could consider the addition of the multisite fungicide 
Phoenix® (folpet) as a triazole partner in order to assist with the control of triazole insensitive strains of STB. In 
principle, this is a good anti resistance strategy, but results with folpet in FAR trials to date have been variable both 
in terms of efficacy and economics. More work will be conducted on this in the 2016-17 season.

Intermediate disease pressure scenarios
It is in these more resistant scenarios with intermediate disease pressure in the crop that growers with higher yield 
potential would consider mixtures of triazole with lower rates of SDHI, 50% dose rate of SDHI for STB protection or 
50% dose rate of strobilurin for rust control. The ability to reduce SDHI rate whilst maintaining efficacy with these 
resistant cultivars and situations will also prolong SDHI efficacy, since it is high rates of SDHI under high disease 
pressure that whilst giving greater efficacy also select more strongly for resistant biotypes. In these situations, 
consider Aviator Xpro 0.5 l/ha topped up with at least 0.32 l/ha Proline to ensure a minimum of a 75% dose of 
prothioconazole. With Adexar at 0.62 l/ha ensure a top up of 0.7/ha Opus to give a 100% dose of epoxiconazole.

Key fungicide timings for disease  management strategies in 
autumn sown wheat 
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More susceptible scenarios with higher disease pressure 
Though these disease scenarios have been less common over the last two years it is important to recognise that 
susceptible cultivars, particularly in higher risk scenarios (irrigation, early sowing), give good responses to fungicides.

Where disease pressure is high as a result of early sowing or susceptible cultivars, mix the triazole (Proline or Opus) 
with SDHI fungicide e.g. Seguris Flexi (isopyrazam) (0.8 - 1.0 l/ha) or use the pre-formulated mixtures of SDHI and 
triazole such as Aviator 0.7 - 1.0 l/ha (prothioconazole and bixafen) or Adexar 1.0 - 1.25 l/ha (epoxiconazole and 
fluxapyroxad). Since the dose rate of the triazole in these pre-formulated mixtures is less than a full label rate for the 
triazole alone, (Aviator at 0.7 l/ha contains the equivalent of 0.4 Proline and Adexar at 1.0 l/ha contains approximately 
0.5 Opus) consider topping up the triazole component in order to better compliment the SDHI (e.g. add Proline at 
0.2 l/ha to the lower label rate of Aviator or add Opus at 0.4 - 0.5 l/ha to the Adexar depending on whether 1.0 or 
1.25 l/ha are used).

In general, where rusts have been absent and the principal disease is STB, Proline has performed better than Opus, 
particularly in South Canterbury and Southland. 

GS39 (Flag leaf emergence on main stem T2)
This is an important growth stage for fungicide application in all wheat crops as the top three leaves have emerged 
on the main stem. Note that at this growth stage, flag leaves on the tillers are not fully emerged. 

It is important to make sure that the time interval between the T1 spray and the flag leaf emergence spray does not 
exceed four weeks and that flag leaf applications are applied when the flag leaf has emerged on the main stem. 
Again consider 75-100% dose rates of triazole as the base component for this spray (for Opus full label rate 1.0 l/ha 
or Proline 0.6 - 0.8 l/ha). Consider alternating your triazoles at the different application timings. i.e. if you used Proline 
at T1, consider Opus at T2 or vice versa. 

In	irrigated,	or	high	rainfall	up	to	flag	leaf	scenarios
Consider mixing the triazole (Opus or Proline) with Seguris Flexi (isopyrazam) (0.6 - 1.0 l/ha) or use the formulated 
mixtures of SDHI and triazole Aviator 0.7 - 1.0 l/ha (prothioconazole and bixafen) or Adexar 1.0 - 1.25 l/ha 
(epoxiconazole and fluxapyroxad). Use the higher rates of the SDHI with the susceptible cultivars and earlier sown 
crops and lower rates with more disease resistant cultivars or later sowings. Consider mixing more triazole (as 
outlined under T1 approach) if the period between the first spray and flag leaf has been punctuated with regular 
rainfall events. Note that with Seguris flexi there is some data over the last two seasons to suggest its performance 
will be closer to that of Aviator and Adexar when it is mixed with Proline rather than Opus. 

Where the weather patterns are drier between T1 and T2 and the crop is under lower disease pressure, then 
consider appropriate SDHI dose rates down to 50% mixed with triazole dose rates of 75-100%. 

In dryland scenarios in Canterbury
Based on two years of South Canterbury trials the use of more expensive fungicide programmes is not always 
cost effective in dryland situations. However, anti-resistance strategies are based on mixtures, so using lower rate 
mixtures of triazole and SDHI may be more appropriate for disease protection than using triazole only strategies, 
particularly if triazole alone was used at T1. 

GS59-61	(Ear	emergence	-	early	flowering	T3)	
In irrigated scenarios FAR research suggests that higher fungicide rates provide better protection against disease, 
particularly leaf rust, at T3. 

Where one SDHI application has been applied
Where only one SDHI has been applied and wet weather has favoured STB and leaf rust is also present, consider 
similar applications to those outlined for flag leaf, with rates adjusted for cultivar susceptibility. 

Where two SDHI applications have been applied
Do not apply three SDHIs. Where two SDHIs have been applied and cultivars are susceptible to both leaf rust and 
STB, consider Prosaro 1.0 l/ha or Opus 0.75 - 1.0 l/ha + Comet 0.4 - 0.6 l/ha. Comet is particularly effective against 
leaf rust when applied at ear emergence (GS59). Remember that Proline is weaker on leaf rust, hence the use of 
Prosaro (prothioconazole and tebuconazole), which has been slightly more effective than other mixtures at this 
timing applied at similar rates. Where STB has been encouraged by wet weather post flag leaf, ensure that Opus 
rates are at least 0.75 l/ha. 

Where STB and Fusarium sp head infection are the key target diseases, then consider Proline (mixed with 
tebuconazole e.g. Prosaro for Fusarium sp) as a key ingredient for this spray. Effective control of Fusarium is difficult 
to achieve, even when the fungicide is applied at the most effective timing (early flowering).

In dryland scenarios 
Consider T3 timing as an optional spray, dependent on rainfall, from flag leaf up until the end of flowering GS69 
(anthers visible up the length of the ear). Consider applying fungicide if higher rainfall occurs in this period. Opus 
alone (0.25 - 0.5 l/ha) or low rate mixtures such as Amistar (0.25 l/ha) + Opus (0.25 l/ha) have been particularly 
effective to control rusts.

GS69-72	(Post	flowering	T4)	
Irrigated crops only - optional
For irrigated leaf rust-susceptible wheat crops on soils with good water holding capacity, mixtures based on Opus 
0.25 l/ha + Amistar 0.25 l/ha (which have withholding periods of 42 and 35 days respectively) have delivered small 
but consistent yield benefits when applied following a similar application at ear emergence. However, results were 
no better than increased rates of Comet/Opus applied at ear emergence when leaf rust was the primary disease. 
Be extremely mindful of withholding periods when considering late fungicides. 

Tan spot scenarios
Where tan spot has been diagnosed in the crop at stem elongation, flag or ear emergence consider a strategy 
based on Proline (prothioconazole) mixed with the SDHI bixafen (as the preformulated mixture Aviator) or mixed with 
the strobilurin Comet (pyraclostrobin). The older triazole fungicide Tilt (propiconazole) is also an option for tan spot 
control outside of the key fungicide timings such as T0 and T4. Tan spot is most likely to be found first in second 
and continuous wheat crops. 

Notes: 

Above rates assume optimum timing of application. Late sprays, where disease pressure is high, may 
require higher rates.

Use of rates lower than full label rate is carried out at growers’ risk.

Be extremely mindful of withholding periods when considering late fungicides. 

In some situations and in some seasons dryland sites may be more equivalent to irrigated sites. In 
dryland situations monitor rainfall between the key application timings at GS30, 32, 39 and 69 (early 
stem elongation - end of flowering), where rainfall is well above the average consider irrigated strategy 
options as well as dryland options. 

Disease control in wheat    7 6    Disease control in wheat



Appropriate fungicide dose
Part of FAR’s disease management work since 2013 has been centred on developing a greater understanding of how 
SDHIs perform in relation to different disease pressures. For example how does moving from a dryland to irrigated crop 
influence the need for fungicide, or moving from a susceptible to resistant cultivar. Work conducted in 2014 clearly indicated 
the difference in disease development between disease susceptible and disease resistant cultivars and as a consequence 
the appropriate rate of mixtures of triazole and SDHI needed to control the disease. Since the SDHI foliar fungicides should 
never be used alone to control disease due to the risk of pathogen resistance, all FAR’s work has been conducted on 
SDHIs applied in mixture with triazoles. In most cases the SDHIs are supplied already pre-formulated with a triazole, but 
where they are not, triazole has been added to at least 75% rate.

Influence	of	cultivar	resistance	and	sowing	date	on	appropriate	dose
Where the April sown Savannah crop (rated susceptible for STB) was left untreated, 60-90% of the top two leaves were 
infected with STB compared with less than 10% infection with the later sown untreated Torch (rated mostly resistant for 
STB) Figure 2. 

In addition, the level of control in the Savannah crop started to drop off when the rate of SDHI (mixed with 75% triazole) 
dropped below a 50% dose. With Torch the low level of STB infection resulted in negligible differences in disease due to 
SDHI dose rate.

With Savannah, the 50% dose of SDHI was most cost effective as there was no significant difference in yield between a 50 
and 100% dose rate. With Torch, all fungicide applications paid for themselves but there was no difference in yield between 
the different rates applied resulting in the optimum margins coming from the lowest rates of SDHI. 

Clearly, greater genetic resistance combined with later sowing gives greater rate flexibility when making decisions on what 
fungicide dose to apply. Another key difference influencing choice of the optimum rate is whether the crop is irrigated or dryland.

Influence	of	irrigation	on	appropriate	fungicide	dose
At the Chertsey site during 2014, FAR ran two identical trials just 6 metres apart, sown at the same time with the same 
treatment list. The trials sown to the susceptible cultivar Savannah illustrated not only the value of water for overall yield 
response to fungicide but also the impact of irrigation on the need for higher fungicide rates even in drier springs. These 
differences appear to be less to do with higher infection earlier in the season than to greater crop canopy density and 
duration later during grain fill.

• The maximum response to fungicide was 0.5 t/ha over the untreated yield (5.69 t/ha) in the dryland trial and 1.72 t/ha 
over the untreated (9.20 t/ha) in the irrigated trial.

• Where crops were irrigated the optimum SDHI rate for yield (mixed with 75% rate triazole) was 50% or 75% 
depending on the SDHI being tested, whereas with the dryland crop although SDHIs improved disease control they 
did not improve margin over input cost and the lower rates lost the least money.

• In the dryland crop there was no value to a T3 spray of Prosaro 0.6 l/ha + Comet 0.4 l/ha on top of a two spray 
programme of full rate Adexar. Under irrigation there was a non-significant 0.36 l/ha increase following the same two 
spray programme.  

During 2015, the dry October and November period combined with moderately resistant disease ratings had similar 
impacts on FAR’s appropriate dose rate trials, reducing STB infection below 20% on the top two leaves. However the trial 
was subject to late leaf rust infection. In this trial the optimum dose in terms of yield response and margin was a 25-50% 
dose of SDHI mixed with 75% rate of triazole, since there was no statistical difference in yield between the rate range of 
SDHIs tested. 

Table 1. Influence of fungicide dose rate on severity of leaf rust and STB infection, yield (t/ha) and margin after fungicide 
cost ($/ha) relative to the untreated (grain price $300/t) cultivar Starfire 2015.

Trt. 
No.

GS31
12 October 2015

GS39
9 November 2015

LAA% (Flag 
to leaf 3)
Leaf rust

LAA% (Flag 
to leaf 3)

STB

Yield
t/ha

Margin over 
fungicide cost 

($/ha)
1 Opus 0.25 Opus 0.25   2.08 cd 25.9 a 13.30 de 60

2 Opus 0.50 Opus 0.50   0.54 cd 21.4 abc 13.75 abcd 180

3 Opus 0.75 Opus 0.75   0.23 cd 22.3 ab 13.62 bcd 126

4 Opus 1.0 Opus 1.0   0.28 cd 14.4 cde 14.08 abc 249

5 Proline 0.2 Proline 0.2   5.84 b 14.9 bcde 13.43 cde 64

6 Proline 0.4 Proline 0.4   2.57 c 16.5 bcd 14.02 abcd 192

7 Proline 0.6 Proline 0.6   2.08 cd 13.6 de 14.23 ab 205

8 Proline 0.8 Proline 0.8   1.52 cd 15.0 bcde 13.87 abcd 48

9 Seguris flexi 0.25 +
Proline 0.6

Seguris flexi 0.25 + 
Proline 0.6   1.04 cd 9.4 def 14.28 ab 176

10 Seguris flexi 0.5 + 
Proline 0.6

Seguris flexi 0.5 + 
Proline 0.6   0.49 cd 12.5 def 13.93 abcd 27

11 Seguris flexi 0.75 + 
Proline 0.6 

Seguris flexi 0.75 + 
Proline 0.6   0.76 cd 11.9 def 14.15 abc 49

12 Seguris flexi 1.0 + 
Proline 0.6

Seguris flexi 1.0 + 
Proline 0.6   0.02 d 12.0 def 14.23 ab 29

13 Adexar 0.31 + Opus 0.6 Adexar 0.31 + Opus 0.6   0.12 d 16.1 bcd 13.69 abcd 106

14 Adexar 0.62 + Opus 0.45 Adexar 0.62 + Opus 0.45   0.51 cd 10.1 def 13.99 abcd 156

15 Adexar 0.94 + Opus 0.3 Adexar 0.94 + Opus 0.3   0.08 d 16.7 bcd 13.81 abcd 60

16 Adexar 1.25 + Opus 0.15 Adexar 1.25 + Opus 0.15   0.27 cd 5.6 f 13.99 abcd 73

17 Aviator 0.25 + Proline 0.46 Aviator 0.25 + Proline 0.46   0.98 cd 11.5 def 14.38 a 235

18 Aviator 0.50 + Proline 0.32 Aviator 0.50 + Proline 0.32   1.28 cd 9.7 def 13.93 abcd 84

19 Aviator 0.75 + Proline 0.17 Aviator 0.75 + Proline 0.17   0.48 cd 8.0 ef 13.86 abcd 50

20 Aviator 1.0 + Proline 0.03 Aviator 1.0 + Proline 0.03   0.29 cd 7.5 ef 14.01 abcd 80

22 Untreated Untreated 15.06 a 24.8 a 12.95 e 0
Mean 1.69 14.2 13.9

Sig *** *** ***
CV% 99 34 4.2
LSD 2.36 7.61 0.65
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 Dryland leaf 3 22/12/2014
 Irrigated flag leaf 05/01/2015
 Irrigated leaf 2 05/01/2015Figure 2. Rate profiling the performance of Adexar for 

STB control based on two spray programmes applied 
GS31 and GS39 on the susceptible cultivar Savannah 
sown on 15 April 2014 at Chertsey, Mid Canterbury and 
the mostly resistant cultivar Torch sown on 16 May 2014 
at Lincoln, Central Canterbury. N.B. All rates of Adexar 
mixed with 75% rate of epoxiconazole (Opus) by adding 
additional Opus to the rate of Adexar used. No T3 ear 
emergence application applied

Figure 3. Rate profiling the performance of Adexar for STB 
control based on two spray programmes applied GS31 
and GS39 on the susceptible cultivar Savannah sown on 
15 April 2014 at Chertsey, Mid Canterbury under irrigated 
and dryland conditions. 

Disease control in wheat    9 8    Disease control in wheat



Key points from table 1  
• Poor performance of epoxiconazole applied alone (Opus in this case) on STB even at 75% rate and full rate. The trend 

for prothioconazole (Proline) to be superior to expoxiconazole has been shown previously in FAR trials.

• In terms of wheat leaf rust it is the reverse, since Proline is weaker against this disease than Opus.

• Despite lower levels of disease overall, all fungicide programmes except two were cost effective, although the most 
profitable applications were those applying either triazoles alone or 75% rate triazole plus 25-50% dose of SDHI. 
The lower disease pressure meant that despite the best disease control coming from the full rate, the differences 
in disease control between the 25-100% dose rate were too small to influence yield and as a consequence were 
uneconomic.  

• It is interesting to note that despite fungicide application being concluded on the 6 November at flag leaf, leaf rust 
control averaged 93% on 31 December compared to STB where the average control on the same three leaves was 
only 45% on the same date. Leaf rust is easier to control with our fungicides than STB.

Choosing the appropriate dose
To control disease and maximise returns at a minimum cost, fungicide rate is a key factor. 

The appropriate fungicide dose generating the highest economic margin will vary with:

Higher dose rate appropriate for disease   Lower dose rate appropriate for disease

Susceptible cultivar           More resistant cultivars

Earlier autumn sowing date     Later autumn sowing date 

Stubble borne diseases e.g. STB     Rusts 

Wet spring months      Drier spring 
(October and November particularly)

Irrigation - thicker canopy longer duration    Dryland 
(more humid environment)

Wheat fungicide programmes – what does the data for 2014/15 tell us?
FAR winter wheat fungicide trials conducted over the last two years have been set up to: 

• Investigate effective and economic winter wheat disease management programmes in the face of increasing STB 
resistance to fungicides.

• Compare the three SDHI fungicides at the label rate and a reduced rate; Isopyrazam (IZM) - Seguris Flexi® (available 
alone to be mixed with DMI triazoles), Fluxapyroxad - Adexar® (co-formulated with epoxiconazole (Opus®), Bixafen 
- Aviator Xpro® (co-formulated with prothioconazole (Proline®). Opus was mixed with Seguris Flexi and Adexar and 
Proline was mixed with Aviator Xpro to make mixes with a 75% label rate of triazole. 

• Compare one and two SDHI spray programmes.

• Assess the value of a GS30-31 “T0” spray.

Value of the GS30-31 fungicide
FAR trial results continue to show the value of this application where crops are sown in late March and early April. Work 
using the cultivar Wakanui has continued to show 0.4 - 0.5 t/ha yield increase from early control of STB although these 
increases have not been statistically significant. This follows earlier work that showed that the GS30-31 spray timing was 
equally valuable where stripe rust was problematic in the late tillering/early stem elongation stage.

Table 2. 2014/15 Trials (Leeston irrigated, Opiki dryland and St Andrews dryland).

Trial details Rainfall (mm)
Location Irrigation Sow date Cultivar Cultivar resistance to 

Septoria tritici blotch 
Sept Oct Nov Dec

Opiki No 5 June 2014 Einstein Moderately susceptible 74 40 60 76

Leeston Yes 28 March 2014 Wakanui Moderately resistant 18 20 40 26

St Andrews No 12 April 2014 Phoenix Moderately resistant 27 27 30 15

Trial results
The tables on the following page show the influence of fungicide programmes, l/ha, on Septoria tritici blotch and leaf rust 
infection as a % leaf area affected (LAA), yield and margin over fungicide cost (MOFC) relative to the untreated ($/ha, grain 
price $300/t).

Value of two applications of SDHI
In 2014/15 trials when three spray fungicide programmes were compared, the value of SDHI at T1 did not show in the yield 
and economics compared to a T1 of Proline alone, however there were small differences in disease control in favour of 
SDHI addition. In Leeston, where late March sowing meant that early Septoria pressure was the main factor, the advantage 
of combining a T0 spray and an SDHI/triazole mix at T1 were very clear in four-spray programmes. In contrast, in the 
Manawatu trial where the crop was sown later and disease pressure comprised of Septoria, leaf rust and Fusarium head 
blight (FHB), then the value of early SDHI was less clearly defined.

Prothioconazole factor
At the Opiki site the advantage of prothioconazole (in Aviator) for control of FHB at ear emergence looks to have been a 
more important factor in the results, however this cannot be proven as no assessment was made of the FHB infection, 
only its presence. However comparing programmes that applied two SDHIs, the only treatment that applied Aviator at 
GS65 (prothioconazole + bixafen) was significantly higher yielding than all other programmes.  At the Leeston site the 
performance of Proline matched Adexar/Opus as a T1 spray when early season STB was the principal issue.

SDHI rates
Compared in four-spray programmes there was no significant difference in yield due to SDHI rates of 100% versus 70-80%. 

Dryland 
All fungicide programmes lost between $113/ha and $444/ha at the St Andrews site where lower rainfall (84 mm Sept 
1 - Nov 30) and a moderately resistant cultivar combined to reduce disease pressure and the subsequent response to 
fungicides. The least expensive fungicide programme lost the least amount of money at this site. 

Table 3. 2015/16 Trials (Wakanui irrigated, St Andrews dryland, Clinton dryland, Halcombe dryland).

Trial details Rainfall (mm)
Location Irrigation Sow date Cultivar Cultivar resistance to 

Septoria tritici blotch 
Sept Oct Nov Dec

Wakanui Yes 15 April 2015 Wakanui Moderately resistant 58 17 13 60
St Andrews No 2 April 2015 Starfire Moderately resistant 26 17 22 40
Clinton No 8 April 2015 Wakanui Moderately resistant 53 130 79 75
Halcombe No 6 May 2015 Starfire Moderately resistant 64 64 47 45
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Table 5. Response to fungicide (l/ha) in autumn sown wheat in Central Canterbury (Wakanui),  
South Canterbury (St Andrews), South Otago (Clinton) and the Manawatu (Halcombe) in 2015-16 (grain price $300/t)       

Wakanui cv. Wakanui St Andrews cv. Starfire Clinton cv. Wakanui Manawatu cv. Starfire

Trt GS30-31 
(l/ha) GS32 GS39 GS65

%LAA 
(STB)
GS 83 

(Flag to L3)

Yield
(t/ha)

MOFC
($/ha)

%LAA (STB)
GS75-80 

(Flag to L3)

Yield
(t/ha)

MOFC
($/ha)

%LAA (STB)
GS 75-80 

(Flag to L3)

Yield
(t/ha)

MOFC
($/ha)

% LAA (STB)
GS 75-80 

(Flag and Leaf 2)

% LAA 
(leaf rust) 
(Flag and 

Leaf 2)

Yield
(t/ha)

MOFC
($/ha)

1 Nil Nil Nil Nil 100.0 13.84 0 1.28 7.25 0 41.7 13.56 0 0.38 0.83 8.79 0
2 Opus 1.0 Proline 0.8 Opus 1.0 Prosaro 0.6 85.3 17.03 701 1.24 7.46 -193 22.1 15.41 219 0 0.33 9.03 -224
3 Nil Proline 0.6 Adexar 1.25 + Opus 0.15 Opus 0.5 + Comet 0.4 37.9 16.89 649 0.38 7.51 -189 15.8 15.26 184 0 0.37 9.35 -129
4 Nil Aviator 1.0 Adexar 1.25 + Opus 0.15 Opus 0.5 + Comet 0.4 33.1 17.08 681 0.50 7.59 -191 12.1 15.35 184 0.15 0.13 9.65 -65
5 Opus 1.0 Aviator 1.0 Adexar 1.25 + Opus 0.15 Opus 0.5 + Comet 0.4 25.2 17.40 732 0.55 7.38 -299 18.0 15.37 125 0.13 0.27 9.46 -177
6 Nil Opus 1.0 + 1 Bravo* 1.4 Adexar 1.25 + Opus 0.15 Opus 0.5 + Comet 0.4 29.4 17.07 700 0.38 7.52 -190 15.5 14.92 77 0 0.38 8.63 -349
7 Nil Opus 1.0+ Phoenix 1.5 Adexar 1.25 + Opus 0.15 Opus 0.5 + Comet 0.4 37.0 16.72 613 0.48 7.32 -231 9.5 15.15 165 0 0.25 9.39 -102
8 Nil Adexar 1.25 + Opus 0.15 Adexar 1.25 + Opus 0.15 Opus 0.5 + Comet 0.4 25.6 17.10 683 0.52 7.70 -162 17.6 14.68 -21 0 0.53 9.42 -138
9 Nil Adexar 1.0 + Opus 0.25 Adexar 1.0 + Opus 0.25 Opus 0.5 + Comet 0.4 28.0 16.91 658 0.70 7.52 -182 18.8 15.37 220 0 0.37 9.30 -140

10 Nil Aviator 0.7 + Proline 0.2 Aviator 0.7 + Proline 0.2 Opus 0.5 + Comet 0.4 32.6 17.26 748 0.47 7.55 -188 18.9 14.89 61 0 0.39 8.83 -296
11 Nil Aviator 1.0 Aviator 1.0 Opus 0.5 + Comet 0.4 24.0 16.92 635 0.60 7.61 -181 17.9 15.08 107 0 0.66 9.49 -109

12 Nil Seguris Flexi 1.0 + Opus 
0.75

Seguris Flexi 1.0 + Opus 
0.75 Opus 0.5 + Comet 0.4 36.6 16.71 553 0.57 7.60 -204 22.5 15.08 87 0 0.53 8.83 -327

13 Nil F15/01* 0.75 + Opus 1.0 F15/01* 0.75 + Opus 1.0 Opus 0.5 + Comet 0.4 15.8 16.92 - 0.33 7.68 - 21.6 14.88 - 0 0.13 8.56 -

14 Nil F15/01* 0.75 + Proline 
0.8

F15/01* 0.75 +  Proline 
0.8 Opus 0.5 + Comet 0.4 16.4 17.07 - 0.29 7.60 - 17.6 15.30 - 0 0.28 8.32 -

15 Nil Proline 0.6 Aviator 1.0 Aviator 1.0 25.3 17.23 697 0.48 7.80 -155 17.9 15.20 112 0 0.26 9.04 -275
Mean 36.8 16.81 0.58 7.54 19.1 15.03 0.04 0.38 9.07
LSD 5.8 0.35 0.84 0.41 5.1 0.95 0.21 0.44 1.25

* Fungicide not registered for use in wheat at this stage (August 2016).
1 Bravo is registered for wheat, but not for STB and no part of a treated crop can be fed to animals.  

Table 4. Response to fungicide (l/ha) in autumn sown wheat in Central Canterbury (Leeston),  
South Canterbury (St Andrews) and the Manawatu (Opiki) in 2014-15 (grain price $300/t).      

Leeston cv. Wakanui Manawatu cv. Einstein St Andrews cv. Phoenix
%LAA 
(STB)
GS75 

(L2 and L3)

Yield
(t/ha)

MOFC
($/ha)

%LAA 
(leaf rust)

GS75 (Flag)

%LAA 
(STB) 

GS75 (Flag)

Yield
(t/ha)

MOFC 
($/ha)

%LAA 
(STB)
GS80 

(Flag to L3)

Yield
(t/ha)

MOFC
($/ha)Trt GS30-31 GS32 GS39 GS65

1 Nil Nil Nil Nil 53.6 12.80 0 29.5 13.1 4.63 0 30.2 9.46 0
2 Nil Proline 0.6 Opus 0.75 Prosaro 0.6 7.0 14.33 280 8.8 0.4 8.17 853 3.2 9.68 -113
3 Nil Proline 0.6 Adexar 1.25 + Opus 0.15 Opus 0.5 + Comet 0.4 2.9 15.29 481 3.0 0.1 9.00 1015 1.5 9.42 -279
4 Nil Adexar 1.25 + Opus 0.15 Adexar 1.25 + Opus 0.15 Opus 0.5 + Comet 0.4 0.6 15.11 396 0.7 0 8.92 960 0.7 8.97 -444
5 Opus 1.0 Adexar 1.25 + Opus 0.15 Adexar 1.25 + Opus 0.15 Opus 0.5 + Comet 0.4 0.2 15.61 501 0.8 0 8.95 914 0.7 9.15 -435
6 Opus 1.0 + Protek 0.5 Adexar 1.25 + Opus 0.15 Adexar 1.25 + Opus 0.15 Opus 0.5 + Comet 0.4 0.4 15.54 409 0.7 0 8.71 771 0.5 9.47 -410
7 Opus 1.0 Adexar 1.0 + Opus 0.25 Adexar 1.0 + Opus 0.25 Opus 0.5 + Comet 0.4 0.7 15.75 577 1.0 0 8.87 924 0.5 9.20 -386
8 Opus 1.0 Aviator 0.7 + Proline 0.2 Aviator 0.7 + Proline 0.2 Opus 0.5 + Comet 0.4 0.4 15.87 598 1.5 0 9.02 954 1.1 9.13 -422
9 Opus 1.0 Aviator 1.0 + Proline 0.03 Aviator 1.0 + Proline 0.03 Opus 0.5 + Comet 0.4 0.2 15.72 535 1.2 0 9.40 1050 0.7 9.13 -440
10 Opus 1.0 Seguris flexi 0.8 + Opus 0.75 Seguris flexi 0.8 + Opus 0.75 Opus 0.5 + Comet 0.4 0.8 15.42 468 0.5 0 9.25 1028 0.8 9.65 -261
11 Opus 1.0 Seguris flexi 1.0 + Opus 0.75 Seguris flexi 1.0 + Opus 0.75 Opus 0.5 + Comet 0.4 0.3 15.21 369 0.3 0 8.96 905 0.9 9.90 -222
12 Nil Proline 0.6 Adexar 1.25 + Opus 0.15 Adexar 1.25 1.3 15.05 381 1.6 0 8.95 972 0.9 9.93 -153
13 Nil Proline 0.6 Aviator 1.0 + Proline 0.03 Aviator 1.0 1.7 15.69 543 2.2 0 10.08 1281 - -  -

Mean 5.4 15.18 4.0 1.0 8.69 3.1 9.42
LSD 3.0 0.67 2.1 2.0 0.39 2.1 0.81

Disease control in wheat    13 12    Disease control in wheat



Activity of folpet (Phoenix®) on STB
2014 cv Savannah sown 25 April
FAR trial results with new multisite active Phoenix (active ingredient folpet) have given mixed results over the last two 
seasons. In 2014 trial results from central Canterbury (PGGW Kimihia) it showed good synergy in mixture with Opus 
but the yield results showed no benefit on top of Opus alone. In this case, increased leaf rust pressure in the folpet 
treatments may have reduced yield response relative to other treatments.   

Figure 4. Influence of Phoenix (folpet) applied alone or in mixture (l/ha) against STB applied at GS31 and GS39, at 
Lincoln, Central Canterbury, 2014.

2015 cv Savannah sown 15 April
In 2015, trial results from FAR’s Chertsey Arable Site also showed additional STB control with Phoenix + Opus 
compared with Opus alone, but not a significant yield increase. 

Table 6. Influence of Phoenix on the severity of STB infection (% leaf area affected - LAA) for the susceptible 
cultivar Savannah at Chertsey.    

Influence	of	earlier	sowing	and	greater	rainfall	in	October	–	November
In 2015 the largest fungicide responses in our trials were observed in the March sown Wakanui trial. Despite Wakanui’s 
moderately resistant rating for STB, this trial illustrated that early sowing considerably increases STB risk, particularly when 
the crop is irrigated and canopy duration extended. At this trial site with March sowing, two applications of Aviator 0.7 + 
Proline 0.2 at GS31 and 39 as part of a three spray programme gave the highest margin over fungicide cost. Of the dryland 
sites, it was the Clinton site in southern Otago with higher rainfall in the window of canopy expansion (October/November) 
that generated positive margin benefits. The south Canterbury and Manawatu sites generated no economic advantage 
from fungicide application, losing between $155 - 299/ha and $102 - 349/ha respectively.

Prothioconazole factor 
Where positive results were observed with fungicides in 2015, the data would suggest that prothioconazole at the T1 
(GS31-32) and T3 timings (GS59-61) is a stronger triazole option than epoxiconazole, provided the key disease is not rust. 
Clearly, prothioconazole control of STB has been superior over the last three seasons. It has also shown activity against 
fusarium head blight. However it is also important to emphasise the extra cost and that it would be inappropriate to apply 
the same triazole at all the principal fungicide timings.

New chemistry
F15/01, trialled for the first time in FAR trials, was significantly more effective on STB than other treatments trialled, mixed 
with either prothioconazole or epoxiconazole, however the performance is not directly comparable as the coded product 
was mixed with full rate triazole. This is a coded product to look out for in 2016 trials. 

F14/01 has now been commercialised as a new multisite fungicide Phoenix (active ingredient folpet).

GS31 (l/ha)
1 October 2014

GS39 (l/ha)
11 November 2014

Yield
t/ha

LAA% STB 5 January 2015
Leaf 1 Leaf 2

Opus 0.75 Opus 0.75 9.7 33.7 46.4
Phoenix 1.5 + Opus 0.75 Phoenix 1.5 + Opus 0.75 10.2 6.5 17.6
Nil Nil 9.2 89.1 89.5

CV% 6.1  -  -
LSD 0.51 7.0 8.5

Untreated

Phoenix 1.5 + Adexar 1.25 
+ Opus 0.15

Phoenix 1.5 + Opus 0.75

Phoenix 1.5 

Adexar 1.25 + Opus 0.15

Opus 0.75

  T2 + 56 days (Flag)     T2 + 42 days (Leaf 2)     T2 + 42 days (Leaf 3)

  0 10 20 30 40 50 60
                     % Leaf area affected by STB

Yield (t/ha) 
11.5

12.6

12.2

11.1

13.1

12.6 

LSD = 1.3

Wheat fungicide trial in a crop of mid-April sown wheat cultivar Starfire at St Andrews, South Canterbury, October 2015. 
The low level of STB did not progress up the plant over this dry season.
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Second wheat management - Tan spot and Take-all
Tan spot
Tan spot continues to be problematic in a small number of second wheat and continuous wheat crops in Canterbury 
including the Fairlie Basin. However the profile of the disease has not increased over the last two years, presumably related 
to the drier springs. 

Research work in the field over the last two years has been hampered by drier weather conditions, although trial work has 
looked at the susceptibility of milling wheat to this disease. Last year tan spot key points were:

• This is a wet weather stubble borne disease. Initial spore infection limits its spread to wheat on wheat crops, but later 
in the season it can spread by airborne spores to infect other wheat crops. 

• Second and continuous wheat fungicide programmes may need to be modified to combat this disease if it 
becomes evident.

• The highest risk milling cultivars for tan spot were Reliance and Saracen, with Discovery, Duchess and Viceroy 
exhibiting approximately half as much tan spot through the course of the season as the more susceptible cultivars.  

• The most effective fungicides were Proline alone or mixed with pyraclostrobin or bixafen (formulated product Aviator). 
The older triazole, propiconazole, is still relatively effective if a cheaper option is required, particularly early or 
late season.

Leaf rust life cycle
Between 2002 and 2010 leaf rust was the most important disease in our wheat crops, however with the focus on STB 
over the last five years and the issues with pathogen resistance in the STB population the spot light has come off of leaf 
rust. Results reported earlier from mid-Canterbury northwards in 2015 remind us this is not a disease to forget. Unlike STB 
and tan spot, leaf rust is not a stubble borne disease it is a disease that needs a living host on which to survive between 
crop growing cycles. This living host is referred to as the green bridge. In New Zealand, survival between crops is most 
commonly observed in wheat crop volunteers. In theory, in autumns where conditions are very dry, leaf rust inoculum will 
be reduced, however where irrigation and early autumn sowing are combined, risks will be increased. 

Figure 5. Life cycle of Brown rust Puccinia triticina. 
Illustration courtesy of The Encyclopaedia of Cereal Diseases, AHDB and BASF.

Most rapid spread occurs at high 
temperatures late in the season

Pustules of brown uredia 
erupt from the leaf 

releasing uredospores

Teliospores produce basidia 
and basidiospores. 

(Aecidial stage found on 
alternate hosts but rare)

Slow disease development 
in spring - infection by 

wind-borne uredospores
Overwinters on 

volunteers

Late in season black telia 
form on leaf surface

Take-all
In-crop fungicides do little to protect against this root disease, however it is important to be aware that three years of work 
based on a combination of artificial inoculation and natural infection has revealed that some cultivars are more tolerant of 
symptoms than others. Starfire has performed very well in second wheat trials to date.  

Tan spot in wheat. The plant on the left was from a plot where stubble was retained, while the one on the right, is from a 
plot where the stubble was burnt.
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Disease susceptible scenarios
Generally autumn sown barley tends to be more disease prone than spring sown barley. This is due to the longer 
growing season and the tendency for wet weather diseases such as scald (Rhynchosporium) to build up over winter. 
FAR research trials have found that under these conditions, autumn sown barley benefits from at least two foliar 
fungicides.   

Therefore consider centring an autumn sown barley strategy on at least two spray applications from the start of stem 
elongation GS30-31, even if Systiva seed treatment has been used.

Seed	treatment	–	Systiva	based	on	the	SDHI	fungicide	fluxapyroxad
Systiva seed treatment trials have shown an economic advantage in an irrigated crop but not in two dryland trials 
(one of the dryland trials had very low disease pressure and no response to fungicide). Limited data show that 
foliar fungicide programmes should not be reduced through the use of Systiva. However, if Systiva has been used, 
remember it counts toward the two SDHI applications allowed per season, thus limiting you to one SDHI based foliar 
fungicide application in-crop. If SDHI seed treatment has been used, FAR would envisage GS39-49 as the optimum 
timing window for a foliar SDHI spray, due to the strengths of these fungicides against Ramularia leaf spot.

GS30-31	(Pseudo	stem	erect	-	first	node)
At this first timing, tank mixtures of Proline (prothioconazole) with the strobilurin Acanto (picoxystrobin) or Adexar 
(epoxiconazole and fluxapyroxad) or Aviator Xpro (prothioconazole and bixafen) have been very effective on both wet 
weather diseases such as scald, and warmer weather diseases such as leaf rust. Consider Proline 0.4 l/ha + Acanto 
0.25 l/ha or select from the pre-formulated SDHIs and triazole mixes such as Aviator Xpro 0.5 - 0.7 l/ha or Adexar 
0.63 - 1.0 l/ha. Aviator Xpro and Adexar mixtures have performed well in trials, but unlike the Acanto option, have not 
been tested against severe scald infections in autumn sown barley. In lower disease pressure scenarios, such as a 
dry spring or more disease resistant cultivars, the lower rate in the range may be more appropriate. Since the dose 
rate of the triazole in these pre-formulated mixes of Aviator 0.5 l/ha or Adexar 0.6 l/ha is less than half the label rate 
for the triazole, consider topping up the triazole component in order to better compliment the SDHI (e.g. add Proline 
at 0.1 l/ha to the lower rate of Aviator Xpro or add Opus at 0.2 l/ha to the Adexar). 

A lower cost option that has performed well at this timing and which may be more suitable for dryland or more 
resistant scenarios (provided there is no leaf rust present) is a mixture of Proline (prothioconazole) and Protek 
(carbendazim). In these scald situations consider Proline 0.4 l/ha + Protek 0.5. 

Follow the first application (applied at GS30-31) three or four weeks later with a second fungicide application, ideally 
as the flag leaf sheath is extending and when the first awns show. If the crop has not reached this stage, do not let 
the spray interval exceed four weeks and spray earlier. 

NB The newly released fungicide Phoenix (FAR 14/01, active ingredient folpet) has a label recommendation for 
control of scald in barley, but there is no FAR generated data on the product against this disease.

GS39-49	(Flag	leaf	fully	emerged	to	first	awns	emerging)
At this second timing consider an SDHI plus triazole where both Ramularia leaf spot and leaf rust are the principal 
disease threats. Consider Proline 0.2 - 0.4 l/ha + Seguris Flexi 0.3 - 0.6 l/ha or Aviator Xpro 0.5 - 0.7 l/ha or Adexar 
0.6 - 1.0 l/ha. Use the higher rates of SDHI if there has been higher disease pressure. Consider mixing more triazole 
(as outlined under the T1 approach) if the period between T1 and T2 has had regular rainfall events.

Where a cheaper spray option is required, for example in dryland crops, consider Proline 0.2 l/ha + Protek 0.5. 
Remember this option will be less effective against leaf rust than the SDHI options, but should control scald and 
Ramularia leaf spot.

When are three sprays necessary?
When high scald pressure is present early in the spring at the late tillering stage (pre GS30), consider applying a 
lower cost “holding” spray prior to the two sprays at GS30-31 and GS39-49 timings. Options would include Proline 
0.2 l/ha + Protek 0.5 l/ha. Do not omit the other two sprays if the pre GS30 is applied. This holding spray has tended 
to be most important in dryland crops on lighter soils where early leaf loss is relatively more important (since there 
is less green leaf retention later in the season). The two most likely scenarios for needing an early tillering spray are 
where barley is grown following barley or where barley is sown early. This early spray should not be necessary where 
Systiva seed treatment has been used.

Where crops are irrigated, the grain fill period is extended. In these situations, increasing the rate of fungicide at 
the second timing or applying a third spray at ear emergence (GS59) has increased yield by 2-3% in FAR trials 
(Ramularia leaf spot /leaf rust situations). To date, the margin returns have been slightly more reliable with a higher 
rate of fungicide applied at flag-awn emergence (when using Acanto 2010-2012). However since Seguris Flexi with 
Proline at GS39-49 is more effective against Ramularia leaf spot than Acanto, there has been less need to apply a 
third spray at ear emergence.

If the GS30-31 spray is applied early and the crop is under high pressure, the second spray timing may not make 
the traditional GS39-49 window, and  a third spray maybe needed to get you to awn emergence. 

Notes: 

Above rates assume optimum timing of application. Late sprays where disease is at high pressure may 
require higher rates.

Use of rates lower than full label rate is carried out at growers’ risk.

In some situations and in some seasons dryland sites may be more equivalent to irrigated sites. In 
dryland situations monitor rainfall between the key application timings at GS30, 49 and 59 (early stem 
elongation - ear emergence). If rainfall is well above the average consider irrigated strategy options as 
well as dryland options.

Key fungicide timings for disease  management strategies in 
autumn sown barley
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Background supporting data 2014-2015
The following table shows the mean yield and margin over fungicide cost from 13 fungicide treatments tested at the South 
Canterbury FAR Arable Site from two irrigated trials in 2014 and 2015 and a dryland trial at Methven in 2015. The cultivars 
were two true winter barleys, Cassia and Padura, at the South Canterbury site and a spring type barley, Sanette, at 
Methven. Sanette is moderately resistant to scald and net blotch and moderately susceptible to leaf rust. The main disease 
at the Methven trial was scald. The main disease at the South Canterbury site was Ramularia leaf spot in both seasons.

Over the past two seasons the springs have been dry with low disease pressure. The average yield response to fungicide 
has been low at an average of 10% over the three trials with mostly low to negative margins over fungicide cost. With 
low disease pressure there was not a significant yield gain from increasing the fungicide input above two sprays of 
Proline 0.4 l/ha except for three treatments in cultivar Padura 2015-16 that had higher rates of Seguris Flexi in the mix at 
GS49 or an additional fungicide application at GS59 (the Proline alone treatment was not in the 2014-15 trial). In comparison, 
the average yield response from fungicide in the three trials from 2010 to 2012 was 30% (FAR Cropping Strategies – Cereal 
disease management 2014). In these trials there was a further 1 t/ha yield increase from the best triazole and SDHI mixes 
over Proline alone. The strategy reflects these different trial results with a rate range, so that the appropriate dose can be 
selected based on rotation position, sowing date, disease pressure, cultivar and weather pattern leading up to the fungicide 
timing. When the return from fungicide is looking less favourable, the lower end of the rate range can be employed and 
vice versa for greater disease risk. 

One of the aims of these trials was to determine the effective SDHI fungicide dose rate i.e. the rate of SDHI that maximises 
yield with the same rate of triazole. Because of the low disease pressure there was no significant yield increase from 
increasing the SDHI rate. 

Application of a third fungicide spray at GS59 on average did not increase the yield in these trials.

Table 7. Influence of fungicide (l/ha) on yield (t/ha) and margin after fungicide cost relative to the untreated ($/ha, grain price 
$300/t) in autumn sown barley - 3 trials, (Cassia 2014 and Padura and Sanette 2015).

Cultivar
Season

Location

Cassia
2014-15
Temuka
Irrigated

Padura
2015-16
Temuka
Irrigated

Sanette
2015-16
Methven
Dryland

Trt. 
No. GS30-31 GS39-49 GS59 Yield 

(t/ha)
MOFC 
($/ha)

Yield 
(t/ha)

MOFC 
($/ha)

Yield 
(t/ha)

MOFC 
($/ha)

1 nil nil 11.33  - 10.04  - 8.57  - 

2 Proline 0.4 Proline 0.4  -  - 10.50 9 9.23 69

3 Aviator Xpro 1.0 Aviator Xpro 1.0 12.38 84 10.58 -69 9.47 39

4 Aviator Xpro 0.7  Aviator Xpro 0.7 12.63 219 10.65 12 9.17 9

5 Aviator Xpro 0.5 + 
Proline 0.114

Aviator Xpro 0.5+ 
Proline 0.114 12.09 69 10.57 0 9.27 51

6 Aviator Xpro 0.25 + 
Proline 0.257

Aviator Xpro 0.25 + 
Proline 0.257 12.36 165 10.57 15 9.17 36

7 Adexar  1.25 Adexar 1.25 12.34 73 10.70 -32 9.27 -20

8 Adexar 1.0 Adexar 1.0 12.31 104 10.48 -58 9.20 -1

9 Adexar 0.62 + 
Opus 0.19

Adexar 0.62 + 
Opus 0.19 12.02 66 10.66 45 9.32 84

10 Proline 0.6 + 
Acanto 0.5

Proline 0.6 + 
Seguris flexi 0.6  -  - 10.86 -47 9.10 -134

11 Proline 0.4 + 
Acanto 0.37

Proline 0.4 + 
Seguris Flexi 0.45  -  - 10.81 17 9.15 -40

12 Proline 0.4 + 
Acanto 0.25

Proline 0.4 + 
Seguris Flexi 0.3 12.38 129 10.53 -39 9.45 78

13 Proline 0.4 + 
Acanto 0.25

Proline 0.4 + 
Seguris Flexi 0.3

Proline 0.2 + 
Seguris Flexi 0.3 12.30 38 10.87 -4 9.31 -31

Mean 12.17 10.62 9.22
LSD 0.59 0.31 0.52

CV% 3.45 2.1 3.96
MOFC = Margin over fungicide cost.

Severe infection of scald on a barley crop.
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Comparison to autumn sown barley:
Optimum fungicide timings in spring sown barley have generally mirrored those observed in FAR trials on autumn 
sown barley. However, three key differences have been observed:

• Spring sowing naturally reduces disease pressure allowing lower rates of fungicide to be employed.

• Later sown crops (October) develop much more quickly with a short grain fill period reducing the need for 
fungicide persistence.

• Where dryland crops are sown later, particularly on the east coast of New Zealand (e.g. Hawkes Bay), 
fungicides produce relatively small gains in profitability and therefore fungicide cost needs to be tailored 
accordingly. 

Therefore consider two spray programmes for spring sown barley starting at the start of stem elongation GS30 or 
as the rows close over at GS23-30.

Spring barley 
GS23-30 (Row closure T1)  
Similar products to those used in autumn sown barley have performed well in spring sown barley. At the first 
timing, tank mixtures of Proline (prothioconazole) with the strobilurin Acanto (picoxystrobin) have performed well. 
The SDHI Seguris Flexi (isopyrazam) has also been effective when mixed with Proline, as have the pre-formulated 
SDHI mixtures Aviator Xpro (prothioconazole and bixafen) and Adexar (epoxiconazole and fluxapyroxad). Therefore, 
for irrigated crops or early sown dryland crops consider:

Proline 0.2 l/ha + Acanto 0.25 l/ha or Proline 0.2 l/ha + Seguris Flexi 0.3 - 0.45 l/ha or Aviator Xpro 0.5 - 
0.7 l/ha or Adexar 0.62 - 1.0 l/ha.

For dryland crops, where disease pressure has been historically low, consider Proline mixed with Protek, Proline 
0.2 l/ha + Protek 0.5.

GS39-49 (Flag leaf fully emerged to awns emerging T2) 
For irrigated crops or early sown disease prone dryland crops consider: 

Proline 0.2 l/ha + Seguris Flexi 0.3- 0.45 l/ha or Aviator Xpro 0.5 - 0.7 l/ha or Adexar 0.62 - 1.0 l/ha.

The SDHI option Seguris Flexi would be stronger if the key target diseases were leaf rust and Ramularia leaf spot, 
whilst the SDHI option based on Aviator Xpro or Adexar would be stronger where scald was also present. Good 
leaf rust resistance and/or very dry conditions may reduce the value of adding a strobilurin or SDHI with the Proline. 

The later GS49 timing has the advantage of applying fungicide to the flag leaf sheath, which is un-emerged at GS39. 
However this benefit has to be considered against ensuring that the gap between the two sprays does not exceed 
four weeks.  

Dryland crops with lower disease pressure
Trials in the Manawatu and Hawkes Bay over three years (and drier inland parts of Southland in previous FAR 
trials) have shown lower cost fungicide programmes to be more cost effective. In the Manawatu and Hawkes 
Bay trials there has been no increase in yield from adding other fungicides to a two spray Proline programme in 
dryland situations.  

Notes: 

Above rates assume optimum timing of application. Late sprays where disease is at high pressure may 
require higher rates.

Use of rates lower than full label rate is carried out at growers’ risk.

In some situations and in some seasons dryland sites may be more equivalent to irrigated sites. In 
dryland situations monitor rainfall between the key application timings at GS23, 33 and 49 (late tillering 
- awn emergence). Where rainfall is well above the average, consider irrigated strategy otions as well as 
dryland options.

Key fungicide timings for disease  management strategies in 
spring sown barley
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Background supporting data 2014-2015
The following table shows the yield and margin over fungicide cost from 15 fungicide treatments tested at the Chertsey 
FAR Arable Site from an irrigated trial in 2015. The cultivar was Sanette. The main disease in the trial was leaf rust. The 
average yield response to fungicide was 53%. In comparison, the average yield response from fungicide in the three 
trials at Chertsey from 2011 to 2013 was 32% (FAR Cropping Strategies – Cereal disease management 2014). Two of the 
cheaper fungicide programmes had the highest yields and therefore the best margin over fungicide cost. They were two 
spray programmes of Proline 0.2 + Seguris Flexi 0.3 l/ha and the same treatment but replacing Seguris Flexi with Acanto 
at the first timing. Treatment 12 (Proline 0.2 at both GS31 and GS49) only yielded 9.1 t/ha, well below any other fungicide 
treatment within this trial, illustrating the strength of partner chemistry against this disease. In contrast, dryland trials in the 
Manawatu from 2009 to 2011, where the main diseases present were net blotch and Ramularia leaf spot, showed no yield 
response from adding a second fungicide to Proline. In the 2011 to 2013 irrigated trial series at Chertsey, where leaf rust 
was also the main disease (with Ramularia as well in one season), Aviator at 0.7 l/ha was on average the highest yielding 
treatment. This treatment was 0.7 t/ha down on the highest yielding treatment in the 2015 trial.

The disease control provided by the Systiva seed treatment increased grain yield by 0.6 t/ha compared with Raxil seed 
treatment when no follow up foliar fungicide was applied. However there was no yield response to Systiva seed treatment 
when followed by a two spray foliar programme.

Table 8. Influence of fungicide (l/ha) on yield and margin after fungicide cost relative to the untreated ($/ha, grain price 
$300/t) in irrigated spring sown barley cultivar Sanette. All seed was treated with Raxil.

Trt. 
No.

Seed 
trt GS30-31 GS39-49

Leaf rust (% leaf 
area affected leaf 2) 

assessed GS75

Yield  
(t/ha)

% Yield gain 
over nil 

fungicide

Margin over 
fungicide 

cost ($/ha)

1 Nil Nil 98.5 6.4 0

2 Systiva* 97.3 7.0 10 78

3 Proline 0.2 + Seguris 
Flexi 0.3 2.1 9.4 47 840

4 Systiva* Proline 0.2 + Seguris 
Flexi 0.3 1.2 9.8 54 840

5 Proline 0.2 + Acanto 
0.25

Proline 0.2 + Seguris 
Flexi 0.3 0.6 10.1 59 987

6 Systiva* Proline 0.2 + Acanto 
0.25

Proline 0.2 + Seguris 
Flexi 0.3 1.4 9.9 55 791

7 Aviator Xpro  1.0 Aviator Xpro  1.0 0.8 9.8 53 784

8 Aviator Xpro  0.7 Aviator Xpro  0.7 1.5 9.5 49 763

9 Aviator Xpro  0.35 Aviator Xpro  0.35 3.0 9.4 48 817

10 Proline 0.4 + Acanto 
0.25

Proline 0.4 + Seguris 
flexi 0.45 0.5 10.1 59 932

11 Proline 0.2 + Seguris 
Flexi 0.3

Proline 0.2 + Seguris 
Flexi 0.3 0.5 10.2 60 1011

12 Proline 0.2 Proline 0.2 41.7 9.1 43 747

13 Adexar  1.25 Adexar 1.25 1.0 9.9 55 820

14 Adexar 0.94 Adexar 0.94 0.8 9.7 52 819

15 Adexar 0.62 Adexar 0.62 11.0 9.5 49 807

Mean 17.5 9.3

LSD 5.2 0.6

CV% 4.4

*Systiva treated seed at 1.0 l/t seed.

Key points on fungicide resistance 
• To date, monitoring of the New Zealand Septoria population has not revealed reduced activity in the SDHIs 

(Seguris flexi, Adexar and Aviator) against this disease. This is not the case in Europe, where SDHI resistance 
is evident in the Septoria pathogen population.

• New Zealand monitoring in both 2014 and 2015 revealed laboratory activity (reported as EC50s) in the 
acceptable range for SDHI sensitivity.

• Of the three fungicide modes of action we use regularly for cereal disease control;  
 • Strobilurins e.g. Amistar are at the highest risk of pathogen resistance development (Septoria tritici 
  blotch (STB) in wheat). Powdery mildew in barley is already resistant to strobilurins in New Zealand, and 
  it is suspected that Ramularia may also have developed resistance, so strobilurin fungicides will be 
  ineffective on these diseases). 
 • SDHIs e.g. Aviator, are at moderate-high risk of resistance development in the pathogen, but so far 
  in New Zealand these products are still very effective. In Europe, net blotch and Septoria pathogens are 
  developing resistance to the SDHIs. 
 • Triazoles are at low-moderate risk of pathogen resistance development. The Septoria pathogen already 
  shows reduced sensitivity to triazoles such as tebuconazole and epoxiconazole e.g. Opus in New Zealand 
 • Overall, FAR trial work still shows the more effective triazoles have reasonable activity (75-90% control +) 
  against STB, but that prothioconazole is superior to epoxiconazole.

• Not all pathogens present the same risk of developing successful resistance mutations to fungicide groups. 
For example the mutation which renders the STB pathogen resistant to strobilurins is lethal to cereal rust 
pathogens, meaning that strobilurins such as Amistar and Comet are still very effective against rusts. 

In 2013, New Zealand wheat growers encountered fungicide resistance. The disease was Septoria tritici blotch (STB) 
(caused by Zymoseptoria tritici) and the fungicides were the strobilurins (Quinone Outside Inhibitors, or QOIs). The 
situation was compounded by the fact that testing of the New Zealand Zymoseptoria tritici population the previous year 
had shown that triazole fungicide products such as Opus (epoxiconazole) and Folicur (tebuconazole) were less effective 
than they were in previous years. 

Fungicide resistance and insensitivity
So how did the Septoria pathogen develop fungicide resistance and why can’t we use strobilurins to control this disease 
any more when we can still use triazoles, even though they are less effective than they were five years ago?

To answer these questions we need to understand how fungicide resistance develops and why some forms of pathogen 
resistance are more common than others. Fungicides do not create or generate the resistance in a fungal population; 
instead their application selects for a natural variation that already exists in the fungal population. 

Strobilurins e.g. Amistar, Comet, Acanto
Some fungicide groups have a higher risk of resistance development in the pathogen than others. This risk depends on 
several factors; the rate of reproduction in the fungus, the frequency and fitness of mutants in the population and the 
complexity of the resistance mutation (eg, is the resistance conferred by a single point change in a gene, or by multiple 
mutations in the gene). Zymoseptoria tritici (STB pathogen) resistance to strobilurins is the result of a single point mutation 
change (position G143A) and the resultant mutants are equally fit in the environment. The process of the population 
becoming resistant to strobilurins took just two or three seasons in New Zealand. The G143A mutation is a common 
mutation in a number of pathogens, but in some cases (for example if it occurs in the cereal rust pathogens) the same 
mutation is lethal to the pathogen. As a consequence, strobilurins can still be used effectively to control rusts. 

What is the current situation with fungicide resistance? 
Fungicide resistance has become an increasingly important aspect of FAR’s work in the cropping sector. One key change in 
our research programme over the last two years has been to increase investment in the monitoring of pathogen populations 
so that we can get an early warning of changes that might render our fungicides less effective. As the importance of 
fungicide resistance is increasing globally this section of the document has been expanded.
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Triazoles e.g. Opus, Proline, Folicur
In contrast, pathogen mutations to triazoles occur slowly over time and are governed by multiple mutations in the same 
gene (principally the CYP51 gene). The three commonly used fungicide groups in New Zealand cereal crops are at different 
risks of resistance development.

Table 9. Risk of resistance for fungicide groups commonly used in New Zealand.

Fungicide group FRAC* Group 
mode of action

Product example (ai) Risk of resistance development 
in the  pathogen

Triazoles (DMIs) Group 3 Proline (prothioconazole) Low - moderate
Strobilurins (QoIs) Group 11 Amistar (azoxystrobin) High
Succinate Dehydrogenase 
inhibitors (SDHIs) 

Group 7 Adexar (fluxapyroxad co 
formulated with a DMI)

Moderate - High

* Fungicide Resistance Action Committee.

Triazole fungicides, such as Opus and Proline, are generally at lower risk of resistance development than strobilurins and 
SDHIs, since multiple mutations tend to accumulate over time (years). This form of resistance is more accurately described 
as fungicide insensitivity, as the pathogen becomes a little less sensitive to the pathogen with each passing season. 

The STB pathogen has a number of complex resistance mechanisms, some of which affect all triazoles and others which 
do not affect all triazoles equally. These mechanisms are:

1.  Alteration of the target fungal (CYP51) enzyme that the fungicide binds to.

2.  Enhanced active efflux (the fungal cell actively moves fungicide out of the cell so it cannot bind)

3.  Elevation of intracellular CYP51 enzyme levels in the cell as a result of over expression or multiple copies of the 
CYP51 gene.

In Europe the levels of triazole insensitivity in some regions are much higher than New Zealand with all three mechanisms 
presenting very serious loss of activity against diseases such as STB. 

If	we	have	reduced	triazole	activity	showing	in	lab	results	what	does	it	mean	in	the	field?	
In New Zealand we clearly have a Septoria population that is less sensitive to triazole than it was five to ten years ago, but 
the fungicides still give reasonable control. This was seen in a FAR trial at Methven in 2014 where lab testing showed that 
isolates from the Septoria population in the trial were less sensitive to Opus (epoxiconazole) and Proline (prothioconazole) 
in the lab than sensitive isolates collected over a decade ago. This loss of activity is registered in the resistance factor (RF). 
Isolates collected from the field where the trial was set up were 21-50 times less sensitive to the fungicide than the historical 
sensitive strains. The resistance factor for Folicur (tebuconazole), was over 100. So how did Opus and Proline perform in 
the trial? The Proline programme gave 93% control and a 3.64 t/ha yield increase whilst Opus gave 76% control and a 
2.78 t/ha yield increase (Figure 6 over page). Prochloraz a group 3 fungicide that is less influenced by mutation changes in 
the STB population gave similar results to Opus.    

Notes: EC50 values (µg/ml) and designated laboratory status r = considered resistant, i = considered intermediate and s 
= considered sensitive.  RF = Resistance Factor (mean EC50 of 10 isolates from the trial pre fungicide application divided 
by EC50 of the sensitive isolate (not shown)).

Figure 6. STB infection levels and subsequent yield response from triazole only programmes – cv Starfire, Methven, 
2014 (Leaf samples with STB were taken from this trial and the laboratory sensitivity of the STB population are 
reported in table 10). Multiple applications of triazoles are being used in this trial for experimental purposes only.
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Table 10. Laboratory sensitivity of the STB population in a 2014 Methven wheat trial relative to a 
sensitive STB strain collected over a decade ago (courtsey of Plant and Food Research, Lincoln).

Tebuconazole 
EC50 Lab status

RF Epoxiconazole 
EC50 Lab status

RF Prothioconazole 
EC50 Lab status

RF Prochloraz 
EC50 Lab status

RF

r i s s
5.1 µg/ml 119 0.79 µg/ml 21 0.05 µg/ml 50 0.03 µg/ml 1.4

Case for alternating and mixing triazole fungicides
FAR research trials over the last two seasons have shown margin advantages to mixing and alternating triazoles when less 
expensive generic triazoles, such as epoxiconazole, are used compared with using solely prothioconazole. This has been 
noted when epoxiconazole has been alternated or mixed with prothioconazole, in terms of giving similar disease control 
to a higher number of prothioconazole sprays, but with reduced cost. The exact effect of alternating and mixing on the 
resistance status of the pathogen population is being tested by Plant & Food Research at Lincoln, however it is clear that 
there are some margin benefits from these approaches. 
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SDHI testing in New Zealand
In a FAR led industry initiative with Plant & Food Research, BASF, Bayer and Syngenta, work has been undertaken at 
PFR in Lincoln to monitor the sensitivity of different Septoria isolates collected in the field to examine if there are any signs 
of resistance development in the population. After two years of testing there are no signs of isolates that might carry the 
SDHI resistance mutations. Leaves showing symptoms of Zymoseptoria tritici blotch were collected from 12 commercial 
wheat paddocks FAR fungicide trials and disease nurseries during the 2015-16 growing season. The EC50 values for 
a total of 266, 269 and 270 single pycnidium Zymoseptoria tritici isolates were calculated for isopyrazam, bixafen and 
fluxapyroxad, respectively, using a microplate testing method with eight concentrations for each fungicide. These results, 
with the exception of one isolate (at this stage thought be an outlier), show that there are no signs of a shift towards SDHI 
resistance in the Septoria population.   

Figure 8. Comparison of percentage frequency 
distribution of EC50 values for isopyrazam (Seguris Flexi), 
bixafen (SDHI in Aviator) and fluxapyroxad (SDHI in Adexar) 
for Zymoseptoria tritici tested in 2014 and 2015, including 
all sites. (Courtesy of Plant & Food Research Ltd)

Notes
The EC50 is the concentration of a fungicide that kills 
50% of the STB fungi. This occurs at between 0.05 
and 0.10 µg/ml for the three SDHIs tested in 2014 and 
2015. Resistance will be indicated by an increase in the 
concentration of fungicide required to kill 50% of the fungi 
(i.e. a higher EC50).
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Figure 7. Influence of triazole fungicide mixtures (L/ha) against STB applied as four applications at GS30-31, GS32, GS39 
and GS65 on two cultivars – 2 site 2 year mean. Margin over fungicide cost calculated at grain price $300/t.

N.B. This trial has been conducted for experimental purposes only and many treatments exceed the maximum number of 
application for the same product.
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Microtiter plates with S. tritici strains (during incubation).

What can growers do to protect fungicides from the development of resistance?
Integrated Disease Management (IDM)
• Use all the tools in the toolbox to control disease not just fungicides. Look to grow more disease resistant cultivars, 

where appropriate sow more resistant cultivars in the early sowing windows and less resistant cultivars later, consider 
stubble management and controlling the green bridge between crops and grazing pre GS30.

Clearly the best way to avoid fungicide resistance is not to use fungicides! However in an IDM approach, when a cultivar’s 
genetic resistance breaks down or is incomplete, it is imperative that growers have other ways of controlling the disease, 
such as fungicides. At present there are few, if any, cereal cultivars that have a complete resistance package to all the 
principal diseases. Minimising the number of fungicide applications of a particular mode of action in any one growing 
season is the principal means of reducing the selection pressure and preventing resistance development. 

 

Influence	of	fungicide	rate
The vast majority of scientific studies suggest that there is no connection between lower fungicide rates (below label 
rate) and greater fungicide resistance. In fact, the data suggests the opposite; that increased fungicide rates select for 
resistance more quickly. 

With dryland crops and more resistant cultivars, particularly where leaf rust or Ramularia are not considered a risk, later 
fungicide sprays could be omitted rather than using lower rates.

The main anti-resistance measures that growers can adopt when using fungicides in cereal crops are:

• To minimise the number of fungicide applications using the same mode of action.

• Not applying strobilurins or SDHIs more than twice in a growing season. Consider this limit as a maximum, and use 
fewer applications where disease pressure allows.

• Always mix the strobilurins or SDHIs with a fungicide with a different mode of action (eg a triazole) using an 
appropriate rate for both products.

• Although not strictly an anti-resistance strategy, since all triazoles have the same modes of action, consider 
alternating triazole active ingredients through the season. 

A summary of resistance research studies was put together by Frank van den Bosch (Rothamsted, UK) which found that 
increasing the dose and the number of applications was most likely to increase resistance risk. Adding a mixture partner 
with a different mode of action was most likely to reduce resistance risk.

Table 11. Consequences for resistance (no. of studies resulting in increased or decreased resistance risk). 
(Source: Frank van den Bosch, Annual Review of Phytopathology, 2014).

Increase selection 
(resistance) 

No effect Decrease selection 
(resistance)

Increase dose 16 1 2
Increase no. of sprays 6 0 0
Split the dose 10 0 1
Add a mix partner 1 6 46

Key points on anti-resistance measures when using fungicides
• Minimising the number of fungicide applications in a season (a maximum of two strobilurins and two SDHIs in 

a season) and using these active ingredients in mixtures with triazole fungicides (different mode of action) at 
effective rates are key anti-resistance measures.

• Lower fungicide rates do not select for resistance, in fact with fungicides there is more evidence that the 
reverse is the case and that higher rates select for resistance.

• Decisions on fungicide rate should be based on the likelihood of a financial return, where the appropriate rate 
chosen is dependent on cultivar susceptibility, disease pressure, irrigation input and seasonal conditions.

• Triazole-only applications are best reserved for less important spray timings and situations where disease 
pressure is low.

• There are advantages in margin over chemical cost from both mixing or alternating triazole fungicides 
depending on the products used.

• Although not strictly an anti-resistance strategy, since all triazoles have the same modes of action, consider 
alternating triazole active ingredients through the season. 

• For both resistant and intermediate disease scenarios you could consider the addition of the multisite fungicide 
Phoenix® (folpet) as a triazole partner in order to assist with the control of triazole insensitive strains of STB. In 
principle, this is a good anti resistance strategy, but results with folpet in FAR trials to date have been variable 
both in terms of efficacy and economics. More work will be conducted on this in the 2016-17 season.

Members of the Plant & Food Research Microbial Systems for Plant Protection team who focus on cereal fungicide 
resistance: Dr Suvi Viljanen, Rachael Warren, Shirley Thompson and Virginia Marroni.

Growth of  Zymoseptoria tritici strains on microtiter plates 
after 14 days of incubation.

Key fungicide timings for disease management strategies in spring sown barley    31 30    Key fungicide timings for disease management strategies in spring sown barley



 
 
    
   HistoryItem_V1
   Join2Pages
        
      

        
     1
    
            
       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0f
     Quite Imposing Plus 3
     1
      

   1
  

 HistoryList_V1
 qi2base





