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Triazole resistance of Zymoseptoria tritici in Denmark, Sweden, Finland, Latvia and  
Lithuania
Every year at AU Flakkebjerg a number of Zymoseptoria tritici isolates from Denmark and Sweden are 
investigated for triazole resistance in order to survey potential shifts of resistance in the Nordic popu-
lations. Leaf samples are collected in collaboration between AU Flakkebjerg, SEGES, Jordbruksverket 
and local advisors and tested at AU Flakkebjerg. In 2015, a total of 259 Danish isolates from 29 local-
ities and 226 Swedish isolates from 30 localities were investigated for sensitivity to both epoxiconazole 
and prothioconazole. The 45 localities were dispersed throughout the two countries, and the aim was 
10 isolates per locality. In addition, some isolates from Finland, Latvia, Lithuania and Slovenia were  
included in the survey.

The resistance tests were carried out according to the FRAC protocol for DMI sensitivity testing of Z. trit-
ici. The individual pycnidia isolates were used to produce spore suspensions by scarping off six-day-old 
Z. tritici spores and transferring them into demineralised water. Spore suspensions were homogenised 
and adjusted to a spore concentration of 2.4 x 104 spores mL-1. Technical duplicates of each of the isolates 
were included in the study. Epoxiconazole and prothioconazole were mixed separately with 2 x Potato 
Dextrose Broth (PDB) to obtain the following final microtitre plate fungicide concentrations (ppm): 10, 
3.3, 1.0, 0.3, 0.1, 0.03, 0.01, 0 and 90, 30, 10, 3.3, 1.0, 0.3, 0.1, 0, respectively. A total of 100 µl of spore 
suspension and 100 µl fungicide solution were added to 96 deep-well microtitre plates. Microtitre plates 
were wrapped in tin foil and incubated at 20°C for six days in the dark. Plates were visually analysed in 
an Elisa reader at 620 nm. Fungicide sensitivities were calculated as the concentration of a fungicidal 
compound at which fungal growth in vitro is inhibited by 50% (EC50) by non-linear regression (curve fit) 
using GraphPad Prism (GraphPad software, La Jolla, CA, USA). Isolate IPO323 was used as reference. 

Results Denmark
In 2015, the isolation of single pycnidia isolates was possible but was not as easy as previously. Hence 
the aim of 10 isolates was not reached for all localities. The average EC50 value for epoxiconazole in 2015 
was 0.48 ppm and did not increase compared to previous years (Table 1). The population was 18 times 
less sensitive than the reference isolate IPO 323. Even though no changes occurred when seen as an 
average, more outliers were detected in the Danish Z. tritici population 2015. In total, 19 isolates with 
EC50 higher than 1 ppm were found, 9 of which lay over 2 ppm and with one isolate over 5 ppm (Figure 
1). Most of these isolates are from sites in South and Central Jutland, which could indicate that the  
population is less sensitive in that part of the country (Table 2).

The average resistance factor for epoxiconazole was 18; however, there was a great variation amon-
gst localities due to the many outliers mentioned above, varying from 4 to 40. In field trials from 
2014 a significant drop in efficacy was seen for epoxiconazole compared with the performances seen 
in previous years. This trend was halted and the performance for epoxiconazole has stabilised (page 
29), yet on a much lower level than before 2014. The drop in control seen in the field has not been 
reflected in an increase in EC50 values, yet. Nevertheless, the occurrence of more isolates with high 
EC50 values indicates that a change might be underway. Similar observations have been seen in other 
countries also where lower field performances have not always been reflected in increased EC50 values. 
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Results from sensitivity testing of prothioconazole suggest that no dramatic changes occurred in 2015. 
The average EC50 for Danish isolates was 12.0, which is in line with values from previous years. However, 
EC50 and the corresponding resistance factors vary largely from 5 to 80 between localities, compared 
with the control isolate IPO323. 

Table 1. Summary of measured EC50 (ppm) values for epoxiconazole and prothioconazole assessed for 
Z. tritici in Denmark. Total numbers of tested isolates are given in brackets. *Indicates the years when 
an additional concentration for prothioconazole (90 ppm) was introduced.

Year EC50 epoxiconazole R factor EC50 prothioconazole R factor

2005 0.12 (47) 2 - -

2006 0.57 (180) 10 - -

2007 0.77 (140) 13 - -

2008 0.17 (88) 3 - -

2009 0.7 (96) 12 0.7 7

2010 1.4 (54) 23 4.4 29

2011 1.33 (85) 22 11.2 74

2012 0.30 (40) 15 10.9 72

2013 0.36 (133) 18 11.7 78

2014 0.50 (290) 25 9.9 (290)* 66

2015 0.45 (262) 17 11.3 (192)* 75

Average 
Wild type IPO323 0.02 - 0.03 1 0.15 - 0.30 1

Septoria is isolated from leaves and tested for sensitivity.
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Table 2 . Results from single localities with data from sensitivity testing for Zymoseptoria tritici 
screened on epoxiconazole and prothioconazole using approximately 10 isolates per locality. 

Location  EC50 Number of 
isolates

EC50

15-ST-DK  EPO EPO R factor PROT PROT R factor Folpet Boscalid 
1 Flakkebjerg 0.96 35 24.35 162 2 0.10 0.73

2 Holeby 0.25 9  -  - 6 0.16 0.53

3 Sorø, Gefion 0.46 17 8.11 54 10 0.15 0.09

4 Silkeborg 0.34 13 6.38 43 10  -  -

5 Kolding 0.61 22 12.71 85 10 0.15 0.17

6 Sorø; Gefion 0.42 15 9.45 63 10 0.11 0.10

7 Rønne 0.43 16  -  - 6 0.15 0.19

8 Sorø 0.21 8  -  - 9 0.15 0.34

9 Ytteborg 0.55 20 4.11 27 10 0.27 0.51

10 Egeskov, Fyn  -  -  -  - 6 0.01 0.01

11 Aabenraa 0.64 23 19.37 129 10 0.05 0.06

12 Aabenraa 0.98 36 16.25 108 10 0.20 0.17

13 Hjerm 0.19 7 9.84 66 6 0.07 0.10

14 Rønde 0.12 5 5.19 35 10 0.10 0.22

15 Flakkebjerg 0.21 8 15.77 105 7 0.60 0.20

16 Ålborg 0.10 3 7.91 53 6 0.06 0.16

17 Thyholm 0.35 13 11.28 75 10 0.10 0.15

18 Limfjord 0.16 6 15.94 106 4 0.03 0.84

19 Haderslev 0.77 28 19.80 132 10 0.04 0.20

20 LMO Hadsten 0.19 7 1.37 9 6 0.15 0.19

21 Silkeborg 0.84 30 16.98 113 10 0.01 0.01

22 LMO 0.41 15 11.79 79 10 0.01 0.01

23 Sverdrup, Haderslev 1.09 40 16.81 112 9 0.21 0.33

30 Sydfyn 0.05 2 3.33 22 3  -  -

31 Hinderup 0.17 6 4.80 32 19  -  -

32 Flakkebjerg 0.15 6 6.38 43 10  -  -

33 Lolland 0.44 16  -  - 9  -  -

34 Falster 0.35 13  -  - 10  -  -

35 Sjælland 0.60 22  -  - 10  -  -

36 Sydfyn 0.72 26  -  - 10  -  -

37 Kerteminde 0.85 31  -  - 10  -  -

Sum  0.45 17 11.27 75 268   

Septoria sensitivity to folpet and boscalid
Out of the many isolates tested for sensitivity to azoles 44 isolates were tested for sensitivity to folpet and 
boscalid (SDHI). All tested isolates showed low EC50 values indicating no signs of shifting in the Danish 
population to these two actives. 
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Results Sweden
In 2015, EC50 for epoxiconazole and prothioconazole did not change tremendously compared with pre-
vious years. The average value for epoxiconazole was 0.33 ppm, with local EC50 values ranging on ave-
rage from 0.05 to 1.27 ppm. As in Denmark, more outliers were seen compared to 2014. The average for 
prothioconazole was 11.1 ppm, which was slightly lower than in 2013 and 2014; however, when resistan-
ce factors were compared, the Swedish population remained at the same level. There is a great variation 
in EC50 values in Sweden. Especially for prothioconazole, EC50 values vary greatly among localities from 
0.06 to 25.74 ppm on average. Most of the locations showing low EC50 tend to be further north in Central 
Sweden.

Results other countries
A number of isolates were tested for resistance levels to epoxiconazole and prothioconazole from Po-
land, Norway, Slovenia, Finland, Latvia and Lithuania. EC50 values for epoxiconazole for the two Baltic 
countries were very low at 0.19-0.20 ppm (Table 3). These results are in line with the results from 2014, 
indicating that sensitivity remains high. Also values for prothioconazole are at the same level as seen in 
2014. EC50 values from Finnish and Norwegian isolates were higher compared to the Baltic countries 
and somewhat at the level we saw in Denmark and Sweden in 2015. 

2015 was the first year we included isolates from Slovenia and Poland in our yearly monitoring. EC50 
values for epoxiconazole and prothioconazole were at a low level.

Figure 1. EC50 values for epoxiconazole and prothioconazole for Danish and Swedish isolates from 
2015. The EC50 values are plotted against number of tested isolates.
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Stobilurin resistance to tan spot (Drechslera tritici-repentis)
A total of 8 samples from the NORBARAG region were tested for sensitivity to strobilurins with help 
from BASF. One sample from Denmark confirmed previous findings, which showed that both F129L 
and G143A are common. Two samples from Latvia showed resistance conferred by G143A and so did 
one sample from Finland. Mutation G137R was in neither of those samples (Table 4).

Resistance to Rhynchosporium
A total of 6 Finnish samples from barley were investigated for strobilurin resistance. No signs of resi-
stance were found. No screening for triazole sensitivity was carried out.

Resistance to net blotch
Similarly to previous years, the investigation for mutations was carried out by BASF and Bayer using 
pyrosequencing or QPCR. The data from 2015 showed that the level of F129L in the population of 
Drechslera teres is quite stable and currently not changing dramatically. The level seems to be similar 
to investigations carried out in previous years (Tables 5 and 6). F129L is known to be a mutation which 
only partly influences the field performances of strobilurins. No indication of mutation F129L was found 
in the samples from Latvia and Finland.

Data showed that F129L could be found in 38% of the tested Danish samples. Data from the last 8  
years’ monitoring are given in Table 5. The localities with resistance have been found in Zealand, Funen, 
Bornholm, Central Jutland and North Jutland. Field data from Flakkebjerg where the level of F129L is 
quite high have shown that the different strobilurins perform differently. Amistar has been seen to be 
more influenced by F129L than Comet and Aproach/Acanto. Although the number of positive samples 
is moderate, it can unfortunately not be verified which fields are affected with F129L mutations before 
treatments, so farmers generally have to go for the most effective products.

Table 3. EC50 values for epoxiconazole and prothioconazole 2015 for isolates from Slovenia, Finland, 
Latvia and Lithuania.

Countries EC50 epoxiconazole RF EC50 prothioconazole RF No. of isolates
Slovenia 0.17 6 2.27 6 18
Finland 0.52 18 12.96 26 3
Latvia 0.20 7 11.02 22 8
Lithuania 0.19 7 8.37 17 21
Poland 0.33 10 3.2 15 12
Norway 0.26 7 1.8 14 7
Wild type IPO323 0.03  - 0.50  -

Table 4. Strobilurin resistance in the Drechslera tritici-repentis population.

Country Locality % resistance (F129L) % resistance (G137R) % resistance (G143A)
Finland Jokionen 0 0 0
Finland Inkoo 0 0 12
Finland Ylistraro 0 0 0
Finland Ruukki 0 0 0
Latvia Jelgava region 0 0 93
Latvia Jelgava region 0 0 13
Latvia Saldus 0 0 0
Denmark Flakkebjerg 21 0 41



86

Three trials were carried out as a part of a NORBARAG trial series (Table 7), testing the effect of dif-
ferent products on net blotch, using azoles, SDHI fungicides and strobilurins. One trial was carried out 
in Denmark and two in Sweden. Data from 2015 and data from 2014 comprising 6 trials carried out in 
Latvia, Finland, Lithuania, Sweden and Denmark are shown in the table below. The aim was to compare 
field performances and then screen for resistance to both strobilurins and SDHI fungicides. In two trials, 
of which one was in Sweden and the other in Denmark, net blotch developed significant attacks. With 
the exception of Proline EC 250, most other treatments gave very good control. No resistance to SDHI 
was found in the screening, only mutation F129L was detected in the Danish trial and in one treatment 
(Proline EC 250 + Comet) in the Swedish trial. 

Table 5. Net blotch samples tested for strobilurin resistance in the NORBARAG region.

Country Number of samples Number with  F129L

Latvia 3 0

Sweden 11 4

Denmark 8 3

Finland 10 0

Table 6. Summary of results from the strobilurin resistance investigation, F129L incidence in the net 
blotch fungus (Drechslera teres) in Denmark.

Year No. of samples No. without 
F129L

No. with 1-20% No. with
>20-61%

No. with
>60%

% samples with 
F129L

2008 20 9 5 3 3 55

2009 44 18 7 13 6 59

2010 16 5 3 7 1 69

2011 34 13 4 12 5 62

2012 19 14 1 2 2 24

2013 25 17 2 4 2 32

2014 20 13 2 3 2 35

2015 8 5 0 3 0 38

Net blotch appears as either net type or spot type. The net type is most widely occurring in the Nordic 
region and appears commonly in most years. Spot types appear more sporadically and can be difficult to 
distinguish from others, e.g. Bipolaris sorokiniana.
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Table 7. Control of net blotch and yield responses in 6 trials (2014) and in 3 trials (2015) with spring or 
winter barley. The trial was treated at GS 39.

Treatments l/ha 
GS 39
2014

% net 
blotch

Green leaf area Yield and 
increases

TGW % strob. 
resistance

% SDHI
resistance

GS 75-77 GS 77 hkg/ha G F129L C-G79R

1. Untreated 35.1 36 65.4 41.8 63 10

2. Imtrex + Comet 1.0 + 0.5 0.7 83 +12.2 45.2 76 0

3. Imtrex 1.0 1.2 84 +11.4 45.4 59 23

8. Proline EC 250 + Comet 0.4 + 0.5 1.5 74 +10.3 45.3 88 0

4. Siltra 0.5 1.8 79 +10.2 45.5 70 0

5. Siltra + Comet 0.5 + 0.5 0.9 84 +11.1 45.7 92 0

6. Proline EC 250 0.4 6.1 63 +8.6 43.9 65 0

No. of trials 5 4 6 6 1 1

LSD95 3.1 7.3 2.9 0.8 - -

Treatments l/ha GS 39
2015

% net blotch % 
Rhynchosporium

% brown rust Yield and 
increases

% strob. 
resistance

% SDHI
resistance

GS 75-77 GS 77 hkg/ha F129L C-G79R

1. Untreated 28.7 12.5 32.5 63.0 14 0

2. Imtrex + Comet 1.0 + 0.5 1.2 0.2 0.6 +16.1 0 0

3. Imtrex 1.0 1.3 0.4 1.0 +13.8 25 0

8. Proline EC 250 + Comet 0.4 + 0.5 2.5 1.8 1.5 +14.7 40 0

4. Siltra 0.5 1.9 0.3 1.3 +15.3 38 0

5. Siltra + Comet 0.5 + 0.5 - - - (+13.5) - 0

6. Proline EC 250 0.4 12.8 2.8 4.0 +8.7 17 0

No. of trials 3 1 2 3 1 3

Country Locality EC50 prothioconazole EC50 propiconazole 

Denmark Langeskov 4.9 (6) 0.9 (6)

Denmark Middelfart 7.2 (3) 3.9 (3)

Denmark Billund 9.9 (5) 4.9 (5)

Denmark Kolding 9.5 (5) 4.8 (5)

Denmark Lemvig 8.1 (5) 4.0 (5)

Denmark Flakkebjerg 8.0 (5) 3.3 (5)

Denmark Ballum 10.2 (5) 6.2 (5)

Denmark Koldkjærgaard 9.6 (5) 5.4 (5)

Sweden Marieholm, Hastenløv 8.9 (5) 3.4 (5)

Sweden Västera, Uppsala 9.3 (5) 3.8 (5)

Sweden Ôresundsbro, Uppsala 9.4 (5) 7.9 (5)

Finland Västankvarn Exp. Farm, South Finland 7.0 (5) 3.4 (5)

Table 8. Sensitivity of Drechslera teres to two triazoles tested in Denmark, Sweden and Finland.  
Number of isolates is given in brackets (Syngenta data). 
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Triazole sensitivity to net blotch
Syngenta investigated sensitivity to two azoles using prothioconazole and propiconazole (Table 8).  
8 Danish localities, 3 Swedish and 1 Finnish locality were included. The sensitivity was overall very  
similar in the region. Among the tested isolates several isolates were categorised as less sensitive. This 
was the case when EC50 values for prothioconazole were higher than 10 and for propiconazole the thres-
hold was fixed as 7 ppm. For several isolates less sensitive isolates were found for both actives. 

SDHI resistance to net blotch
This year no signs of the SDHI mutation C-G79R were found in the leaf samples collected. The C-G79R 
is known to reduce the effect of SDHI fungicides significantly, as it is known for azoles and also for the 
strobilurin mutation F129L. The impact from C-G79R has a variable impact on the performances of dif-
ferent SDHI products. 
 
The map below shows reduced sensitivity/resistance of Pyrenophora teres (net blotch in barley) to-
wards isopyrazam (an SDHI) in air-borne samples from different regions of Europe in 2015. The test 
was an in vivo bioassay with detached leaves in which whole plants were treated. The discriminating test 
concentrations to differentiate between sensitive and adapted/resistant strains were: 0.0, 3.0, 10.0 mg 
L-1 IZM. Red fraction on the pies on the map reflects IZM adaptation (not total resistance). In the UK, 
the 100% are based on 2 isolates only. In 2015, 15 isolates from an air sampling collected during a drive 
from Nyborg to Copenhagen (Denmark) were tested. Of the 15 isolates, 13 were sensitive, one slightly 
(resistance factor (RF) about 3-10) and one moderately resistant (RF about 10-30) (Source: Syngenta).

Powdery mildew (Erysiphe betae) in sugar beet – sensitivity to strobilurin
In 2015, leaf samples from sugar beet fields with powdery mildew were collected in collaboration with 
NBR Nordic Beet Research. Samples were picked from five Danish and five Swedish sugar beet fields in 
late August in order to test mildew sensitivity to strobilurins. On arrival at AU Flakkebjerg the samples 
were used to infect symptom-free sugar beet plants of the cultivar Julietta (KWS), known to be very  
susceptible to mildew. Diseased leaves were rubbed against the healthy leaves. From each locality 9 
plants were inoculated. The day after the inoculation of the plants, they were divided into 3 treatments. 
Three pots were sprayed with 0.5 l/ha Comet (pyraclostrobin), 3 were sprayed with 0.5 l/ha Opus 
(epoxiconazole) and 3 were kept untreated. The plants were located at the semi-field area, which is an 
open area covered with a roof. The plants were followed intensively and the first symptoms could be seen 
12-14 days after inoculation. Both Comet and Opus provided good control of mildew in the inoculated 
pots and none of the tested samples indicated that the sensitivity had changed.




