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The eight IPM principles from EU: focus on control 
of leaf diseases in wheat Directive 2009/128/EC of 21 October 2009

IPM

1 Prevent attack: grow resistant cultivars or mixtures and delay sowing 

2 Ensure national/regional monitoring during season – optimal scouting is field specific

3 Use a DSS or a threshold to decide on need for spraying  

4 Apply, if possible, biological or no chemical alternatives for control

5 Use specific and effective fungicides that are least harmful 

6 Keep fungicide input as low as possible – apply adjusted and reduced rates

7 Diversify choice of fungicides to minimize risk of developing fungicide resistance: 
Strobilurins, SDHIs and azoles 

8 Keep an area free of spraying – to evaluate impact from control measures

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02009L0128-20091125&from=EN


IPM 1: Grow resistant cultivars: ranking against septoria
(Tystofe Foundation - data from observation plots)
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Cultivar mixtures:
why grow mixtures?



Concept
Less diseases + slightly higher yields in mixtures 
 less need for fungicide input

Disrupted selection
 Less selection for fungicide resistance
 Less selection for virulence

Other benefits
More tolerant to variable climate
 Less need for PGR
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Wheat cultivars % area
2023

% area
2022 

% area
2021

% area
2020

% area
2019

% area
2018

Benchmark 0 0 1 6 25 31

Variety mix 39 25 11 5 2 3

Sheriff 0 0 2 13 20 17 

Pondus 20 22 5 0 0 0

Heerup 5 8 9 1 0 0

Informer  5 11 26 26 8 1

KWS extase 3 6 14 6 0 0

Kvium 2 4 9 13 1 0

*

Farmer uptake on new cultivars is quick (based on sold amounts of 
certified seed ) – DK grow ca. 600.000 ha 
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Percentage reduction in attack of septoria in mixtures compared 
with average of individual cultivars
194 comparisons from 2017–19 
(aver. 14% reduction); 24% reduction in mixtures with 4 cultivars and high disease presure 
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Mixture effect on rust control
16 trials with yellow rust, 6 trials with brown rust 
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Yield increase from mixtures using different treatments   
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One
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% yield increase in mixtures

All
Kristoffersen et al 2022

Several applications reduce the benefit from using mixtures. 
Yield increase less in mixtures with good resistance. 8 9



Disruptive selection from mixtures
 Potential to reduce need for fungicides 

 example: apply 1–2 times instead of 2–3 times

 Reduced selection for fungicide resistance (assessed on azoles)
• % reduction in CYP51 mutations linked to azole resistance (4 sites in 2 seasons)
 V136A: 3.5%
 V136C: 30.2%
 D134G: 4.7%
 S524T: 48.5%

 Indications for reduced selection for                                                                       
virulent types against STB6

Lise Nistrup Jørgensen AU, Flakkebjerg. 



Danish platform for cultivar information: www.sortinfo
In 2022, three mixtures were among the 10 best-yielding ‘cultivars’ 



Cultivar mixtures: what is in it for the farmer? 

Mixtures can add stability, with less risk of failure.
Good option for wheat and barley for animal feed.
Not yet an option for bread wheat and malting barley.  

Winter wheat dt pr. ha Euro. pr. dt euro. pr. ha

Yield increase from mixtures 2,1 28 59 €

Extra cost from seeds for sowing 1,5 5 -8€

Saved fungicides 46 €

Economic benefit 97€

Lise Nistrup Jørgensen



IPM 1 : Adjust sowing to minimise risk of diseases (septoria, 
BYDV, take all etc). Early and late sowing (2 and 21 September)

Late sowing

Early sowing
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Data from AU-Flakkebjerg 
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Fungicides available for control of 
wheat diseases in the UK, France & Germany

Mildew Rust Septoria Tan spot Fusarium Eyespot
Tebuconazole
Prothioconazole

Azoles
Tebuconazole
Prothioconazole
Metconazole
Cyproconazole
Mefentrifluconazole

Azoles
Tebuconazole
Prothioconazole
Metconazole
Cyproconazole
Difenoconazole
Mefentrifluconazole

Azoles
Prothioconazole

Azoles
Prothioconazole
Metconazole
Tebuconazole

Azoles
Prothioconazole

Morpholines
Fenpropidin
Spriroxamine

SDHI
Solatanol

SDHIs
Boscalid
Fluopyram
Bixafen
Isopyrazam
Fluxapyroxad
Solatanol

SDHI
Boscalid

Other
Metrafenone
Proquinazid

Strobilurins
Pyraclostrobin
Azoxystrobin
Fluoxastrobin
trifloxystrobin

QiI
Fenpicoxamid

(Pyraclostrobin) Other
Cyprodinil
Metrafenone

Sulphur Multisite
Folpet
Sulphur
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IPM 5-6: Optimising fungicides
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IPM 2+3: Use of thresholds and decision support
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Wheat fungicide treatments: adjust input according to season

Different stategies
depending on season, cultivar
and diseases present

Low disease risk

High disease risk



Summary on validation of CPO: 21 trials 2009–19
CPO gave comparable disease control to fixed
strategies (42 comparisons)

CPO recommended fungicide input between
0 –2.9 TFI 

CPO provided comparable net yields using 37% 
less fungicides compared to a two-spray strategy

Jørgensen et al 2020  In: Applied Crop Protection,  DCA report No. 165

DSS Used thresholds
CPO 
model 

4 days with precipitation from GS 32 (S)
5 days with precipitation from GS 37 (R)

Humidity
model

>20 hours continuing humidity; >85% RH, leaf 
wetness or rain during an hour. Trial evaluation of humidity model : Jørgensen et al 2020
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IPM  4: BIOLOGICAL CONTROL OF DISEASES AND 
EXPERIENCES WITH ALTERNATIVE CHEMISTRIES
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Efficacy and yield responses from alternative solutions for control of 
septoria in wheat: two trials AU 2022, using both T1 and T2
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2 x 4.0 Serenade

2 x  0,3 Lalsstop + Silvet

2 x 3.0 Charge

2 x 1.0 Iodus

2 x 0.1 Polyversum

2 x (1.0 Iodus + 3.0 Thiopron)

2 x 5.0 Vertipin

2 x 3.0 Thiopron

2 x 0.4 Proline

2 x 3.0 phosphanate

2 x 3 Thiopron + 3 phosphanate

0.06 Bion/3 Thiopron + 3…

0.5 Propulse/0.75 Balaya

Yield increase hkg/ha
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2 x 3.0 Charge

2 x 0.1 Polyversum

2 x 4.0 Serenade

2 x 1.0 Iodus

2 x 3.0 phosphonate

2 x  0,3 Lalstop + 0,1 Silvet

2 x 3 Thiopron + 3 phosphonate

2 x 3.0 Thiopron

2 x 0.4 Proline

2 x (1.0 Iodus + 3.0 Thiopron)

0.06 Bion/3 Thiopron + 3 phosphonate

2 x 5.0 Vertipin

0.5 Propulse/0.75 Balaya

Yield increase from control of stb hkg/ha                                    % control of septoria on 2nd leaf 
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Control of yellow rust using alternative chemistries

Chemical 
solutions

Biological
solutions

21
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1 g Chitosan/l water

7.0 Sulphur

3.0 Trianum P

3,0 Phosphonate

4 l Serenade ASO + 0.1%Silwet

3 kg Phosphonate + 3.5 Sulphur

10% pyraclostrobin

25% tebuconazole

% control of yellow rust 

We need to keep searching for new alternatives 
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IPM 7: FUNGICIDE RESISTANCE: PROBLEMS WITH 
ZYMOSEPTORIA TRITICI
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Hellin et al 2021

SDHI mutations CYP51 azol mutations
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Summing up: factors for more IPM 
• Grow resistant cultivars or cultivar mixtures

• Adjust or delay sowing time

• Use DSS before spraying   

• Use effective fungicides and appropriate rates

• Ensure anti-resistance strategies

• Alternative chemistries? Might be valuable in 

the future ….. 
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