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Management Guidelines/Barriers
Guidelines
 Prosaro/Caramba application at anthesis
 Genetic resistant
 Tillage
 Crop rotation
 FHB prediction center

Barriers to adoption
 Application timing
 Adverse weather condition
 Lack of flowering uniformity at the field level
 Inability to adequately identify anthesis

 Other limitations
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Stakeholder/Research Questions
Efficacy of pre/post-anthesis application
 How effective is early/late application?
 IND
 DON
 Yield
 Test weight

 Is efficacy influenced by fungicide?
 Prosaro vs Caramba

 Is efficacy influenced by wheat type/region?
 Spring vs winter wheat

 Is efficacy influenced by cultivar resistance?
 Integrated management
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Fungicide Timing:
Pre- and post-anthesis applications
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Heading: Feekes 10.1-10.5
10.1 10.2 10.3 10.4 10.5

Warrick Texas A&M - https://soilcropandmore.info/Newsletter/nl042005.htm
Knott UK - https://mccracken.ca.uky.edu/files/identifying_wheat_growth_stages_agr224.pdf

https://soilcropandmore.info/Newsletter/nl042005.htm
https://mccracken.ca.uky.edu/files/identifying_wheat_growth_stages_agr224.pdf


6

OHIO AGRICULTURAL RESEARCH AND DEVELOPMENT CENTER

Early Anthesis/Flowering: Feekes 10.5.1
Early

Feekes 10.5.1

Wheat head Flowering 
(anthesis). Notice the 
anthers sticking out

Mid Late

Feekes 10.5.2 Feekes 10.5.3
Knott UK - https://mccracken.ca.uky.edu/files/identifying_wheat_growth_stages_agr224.pdf

https://mccracken.ca.uky.edu/files/identifying_wheat_growth_stages_agr224.pdf
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Variable heading and flowering
50% on primary 

tillers

10.3

10.4
10.0
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Uniform Fungicide Trials
TREATMENTS
1. Nontreated check (CK)
2. Caramba early (CE)
3. Caramba at anthesis (CA)
4. Caramba late (CL)
5. Prosaro early (PE)
6. Prosaro at anthesis (PA)
7. Prosaro late (PL)

META-ANALYSIS
 Log response ratio (L)
 Percent control (C)
 Wheat type as moderator
 Predictions

C̅ = [1-exp(L̅)]×100
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Fusarium head blight
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Fungicide Timing:
Pre- and post-anthesis applications of Prosaro and Caramba

Paul et al. 2018a, 2018b, 2019 – Plant Disease
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Late application in integrated 
management

Combination Description
MR_A Moderately resistant, treated at anthesis
MR_A+2 Moderately resistant, treated at 2 days after anthesis
MR_A+4 Moderately resistant, treated at 4 days after anthesis
MR_A+6 Moderately resistant, treated at 6 days after anthesis
MR_CK Moderately resistant, nontreated
MS_A Moderately susceptible, treated at anthesis
MS_A+2 Moderately susceptible, treated at 2 days after anthesis
MS_A+4 Moderately susceptible, treated at 4 days after anthesis
MS_A+6 Moderately susceptible, treated at 6 days after anthesis
MS_CK Moderately susceptible, nontreated
S_A Susceptible, treated at anthesis
S_A+2 Susceptible, treated at 2 days after anthesis
S_A+4 Susceptible, treated at 4 days after anthesis
S_A+6 Susceptible, treated at 6 days after anthesis
S_CK Susceptible, nontreated
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Late application in integrated 
management
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Late application and cultivar resistance on FHB
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Fungicide Timing:
Late application and cultivar resistance on DON

Deoxynivalenol
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Miravis® Ace:
A new fungicide for head scab and 

vomitoxin management
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Miravis Ace
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Fungicide Timing:
Early heading (10.3) to Mid-anthesis (10.5.2)

10.3 10.5 10.5.1 10.5.2

7 Days

8-12 Days?
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Nontreated 
check
(CK) 

Prosaro
Feekes 10.5.1

(PRO_A) 

Caramba 
Feekes 10.5.1

(CAR_A) 

Miravis Ace 
Feekes 10.5.1

(MIR_A) 

Early Anthesis Timing:
Miravis Ace vs Prosaro and Caramba
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Miravis Ace Timing:
Early Heading to Late Anthesis
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Summary
Both pre- and post-anthesis treatments were effective

at reducing FHB.
Miravis Ace was just as effective against FHB and DON

as Caramba or Prosaro when applied at anthesis.
Efficacy of Miravis Ace was comparable between

anthesis and late applications, but was less consistent
for early heading application.

Two-treatments programs - an anthesis application of
Miravis Ace followed by an application of Caramba,
Prosaro, or Folicur 4-6 days later - led to the greatest
reduction in DON.

Combining an anthesis application with genetic
resistance resulted in lower FHB and DON than
resistance or fungicide application alone.
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Management Guidelines/Barriers

Guidelines

Prosaro/Caramba application at anthesis

Genetic resistant

Tillage 

Crop rotation

FHB prediction center 

Barriers to adoption

Application timing

Adverse weather condition

Lack of flowering uniformity at the field level

Inability to adequately identify anthesis 

Other limitations
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Stakeholder/Research Questions

Efficacy of pre/post-anthesis application 

How effective is early/late application?

IND

DON

Yield

Test weight



Is efficacy influenced by fungicide?

Prosaro vs Caramba

  

Is efficacy influenced by wheat type/region?

Spring vs winter wheat



Is efficacy influenced by cultivar resistance?

Integrated management
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Fungicide Timing:
Pre- and post-anthesis applications
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Heading: Feekes 10.1-10.5





10.1

10.2

10.3

10.4

10.5





Warrick Texas A&M - https://soilcropandmore.info/Newsletter/nl042005.htm

Knott UK - https://mccracken.ca.uky.edu/files/identifying_wheat_growth_stages_agr224.pdf  
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Early Anthesis/Flowering: Feekes 10.5.1

Early



Feekes 10.5.1

Wheat head Flowering (anthesis). Notice the anthers sticking out

Mid

Late

Feekes 10.5.2

Feekes 10.5.3



Knott UK - https://mccracken.ca.uky.edu/files/identifying_wheat_growth_stages_agr224.pdf  
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Variable heading and flowering



50% on primary tillers





10.3





10.4





10.0
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Uniform Fungicide Trials

TREATMENTS

Nontreated check (CK)

Caramba early (CE)

Caramba at anthesis (CA)

Caramba late (CL)

Prosaro early (PE)

Prosaro at anthesis (PA)

Prosaro late (PL)

META-ANALYSIS

Log response ratio (L)

Percent control (C)

Wheat type as moderator

Predictions

C̅ = [1-exp(L̅)]100
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Fungicide Timing:
Pre- and post-anthesis applications of Prosaro and Caramba

Paul et al. 2018a, 2018b, 2019 – Plant Disease





‹#›





OHIO AGRICULTURAL RESEARCH AND DEVELOPMENT CENTER

Late application in integrated management

		Combination		Description

		MR_A		Moderately resistant, treated at anthesis

		MR_A+2		Moderately resistant, treated at 2 days after anthesis

		MR_A+4		Moderately resistant, treated at 4 days after anthesis

		MR_A+6		Moderately resistant, treated at 6 days after anthesis

		MR_CK		Moderately resistant, nontreated

		MS_A		Moderately susceptible, treated at anthesis

		MS_A+2		Moderately susceptible, treated at 2 days after anthesis

		MS_A+4		Moderately susceptible, treated at 4 days after anthesis

		MS_A+6		Moderately susceptible, treated at 6 days after anthesis

		MS_CK		Moderately susceptible, nontreated

		S_A		Susceptible, treated at anthesis

		S_A+2		Susceptible, treated at 2 days after anthesis

		S_A+4		Susceptible, treated at 4 days after anthesis

		S_A+6		Susceptible, treated at 6 days after anthesis

		S_CK		Susceptible, nontreated
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Late application in integrated management
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Fungicide Timing:
Late application and cultivar resistance on FHB

Susceptible

Moderately Susceptible



Fusarium head blight

Moderately Resistant
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Fungicide Timing:
Late application and cultivar resistance on DON

Deoxynivalenol

Susceptible

Moderately Susceptible



Moderately Resistant
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Miravis® Ace:

A new fungicide for head scab and vomitoxin management
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Miravis Ace
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Miravis Ace at Feekes 10.3
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Fungicide Timing:
Early heading (10.3) to Mid-anthesis (10.5.2)
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7 Days



8-12 Days?
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Nontreated 

check

(CK) 





Prosaro 

Feekes 10.5.1

(PRO_A) 





Caramba 

Feekes 10.5.1

(CAR_A) 





Miravis Ace 

Feekes 10.5.1

(MIR_A) 

Early Anthesis Timing:
Miravis Ace vs Prosaro and Caramba
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Miravis Ace Timing:
Early Heading to Late Anthesis



Nontreated 

check

(CK) 



Miravis Ace

10.3

(MIR_H) 



Miravis Ace 

10.5.1

(MIR_A) 



Miravis Ace 

4-6 DAA

(MIR_L) 
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VOMITOXIN:

A- Comparison of Miravis Ace, Caramba, and Prosaro at anthesis/flowering – similar efficacy among the three

B- Comparison among early application (at heading or Feekes 10.3) and late (4 days after anthesis) – late application did little better than early application and early application did not do as well as anthesis applications.

C- Combination treatments – Miravis Ace at anthesis followed by Prosaro, Folicur or Caramba four days later – provided the best results, but what about the economics.





Prosaro/Caramba/Miravis Ace
Fusarium Head Blight
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Prosaro/Caramba/Miravis Ace
Deoxynivalenol
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Timing x Genetic Resistance
Fusarium Head Blight
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Timing x Genetic Resistance
Deoxynivalenol
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Summary

Both pre- and post-anthesis treatments were effective at reducing FHB.

Miravis Ace was just as effective against FHB and DON as Caramba or Prosaro when applied at anthesis.

Efficacy of Miravis Ace was comparable between anthesis and late applications, but was less consistent for early heading application.

Two-treatments programs - an anthesis application of Miravis Ace followed by an application of Caramba, Prosaro, or Folicur 4-6 days later - led to the greatest reduction in DON.  

Combining an anthesis application with genetic resistance resulted in lower FHB and DON than resistance or fungicide application alone.
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Figure 11. Wheathead at eekes 10.5/  Figure 12. Wheat head atFeekes 105.1/  Figure 13. Wheat head at Feekes 1052/ Figure 14. Wheat head at Feekes 10.5.3/
heading growth stage. beginning flowering growth stage. flowering growth stage. fullflower growth stage.
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Deoxynivalenol
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