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Kentucky Grain Crop Production

Map created at mapchart.net
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• Planted October 998%

96%

94%

Soft red winter
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Kentucky Grain Crop Rotations
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Photo: Jeff Franklin

Year 1

Year 2

Full-Season Double-Crop

Photo: Jeff Franklin
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Annual Risk of FHB
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Essentially all wheat follows corn

Majority of wheat is drilled into no- or minimally- tilled corn residue
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State 5-Yr Mean
Soft Red Winter Wheat Harvested 

ha†

5-Yr Mean
Soft Red Winter Wheat Yield  

kg ha-1 (bu acre-1) †

Illinois 208,000

Kentucky 147,700

Michigan 195,900

Missouri 212,900

North Carolina 153,400

Ohio 189,000

Tennessee 121,800
†Data obtained from USDA-NASS (https://quickstats.nass.usda.gov/).

https://quickstats.nass.usda.gov/
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State 5-Yr Mean
Soft Red Winter Wheat Harvested 

ha†

5-Yr Mean
Soft Red Winter Wheat Yield  

kg ha-1 (bu acre-1) †

Illinois 208,000 4708 (70)

Kentucky 147,700 4977 (74)

Michigan 195,900 5447 (81)

Missouri 212,900 4237 (63)

North Carolina 153,400 3497 (52)

Ohio 189,000 4708 (70)

Tennessee 121,800 4640 (69)
†Data obtained from USDA-NASS (https://quickstats.nass.usda.gov/).

https://quickstats.nass.usda.gov/
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Future of Wheat Production in Kentucky
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Profitability
Mitigating the annual threat of FHB
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Recommendations to Manage FHB
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Photo: Carl Bradley

Moderately Resistant Cultivars Fungicide at Feekes 10.5.1 (Zadoks 60)
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Variability in the Growth Stage of the Wheat Field
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Variability in the Growth Stage of the Wheat Field

10



UNIVERSITY OF KENTUCKY

Goal: Identify Management Practices that could Mitigate FHB

11



UNIVERSITY OF KENTUCKY

Objectives

To determine if management 
practices can:
• Reduce variability in flowering 

(duration)
• Deoxynivalenol (DON)

Management Practices
1. In-Furrow Phosphorus Application 
2. Increased Seeding Rate 
3. Harvest Timing
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Materials and Methods

Fall 2016, 2017, and 2018
• Planting Date

– October
– November

• In-Furrow Phosphorus
– 0 kg P2O5 ha-1

– 47 kg P2O5 ha-1

**all fields had adequate P**

• Harvest Timing
– 20 to 22% grain moisture
– 13 to 15% grain moisture

Fall 2017 and 2018
• Seeding Rate

– 377 pure live seed m-2

– 603 pure live seed m-2
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Materials and Methods

Fall 2016, 2017, and 2018
• Environments

– Mist-irrigated FHB nursery inoculated 
with F. graminearum-infested corn

– “Ambient”

• Cultivar
– Moderately-Resistant to Fusarium 

graminearum (Pembroke 2016)
– Moderately-Susceptible to F. 

graminearum (Pioneer 26R53)
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Materials and Methods

Experimental Design
Randomized Complete Block
5 replications
PROC GLIMMIX SAS 9.4
-means adjusted with the Tukey method

Data Collected
Date of:
• Feekes 10.5    (Zadoks 58)
• Feekes 10.5.1 (Zadoks 60)
• Feekes 10.5.3 (Zadoks 68)

Fusarium Head Blight Index

Fusarium Damaged Kernels (FDK)

Deoxynivalenol (DON)

Grain Yield
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2018 Heading and Flowering Duration
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2018 Heading and Flowering Duration
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2019 Heading and Flowering Duration
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2019 Heading and Flowering Duration
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Heading and Flowering

Treatment Feekes 10.5 Feekes 10.5.1 Feekes 10.5.3

Days from first plant of plot until 50% of the plot

0 kg P2O5 ha-1

47 kg P2O5 ha-1

P – value

377 pure live seed m-2

603 pure live seed m-2

P – value
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Heading and Flowering

Treatment Feekes 10.5 Feekes 10.5.1 Feekes 10.5.3

Days from first plant of plot until 50% of the plot

0 kg P2O5 ha-1 3

47 kg P2O5 ha-1 3

P – value 0.7390

377 pure live seed m-2

603 pure live seed m-2

P – value
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Heading and Flowering

Treatment Feekes 10.5 Feekes 10.5.1 Feekes 10.5.3

Days from first plant of plot until 50% of the plot

0 kg P2O5 ha-1 3 3

47 kg P2O5 ha-1 3 2

P – value 0.7390 0.1260

377 pure live seed m-2

603 pure live seed m-2

P – value
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Heading and Flowering

Treatment Feekes 10.5 Feekes 10.5.1 Feekes 10.5.3

Days from first plant of plot until 50% of the plot

0 kg P2O5 ha-1 3 3 2

47 kg P2O5 ha-1 3 2 2

P – value 0.7390 0.1260 0.3497

377 pure live seed m-2

603 pure live seed m-2

P – value
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Heading and Flowering

Treatment Feekes 10.5 Feekes 10.5.1 Feekes 10.5.3

Days from first plant of plot until 50% of the plot

0 kg P2O5 ha-1 3 3 2

47 kg P2O5 ha-1 3 2 2

P – value 0.7390 0.1260 0.3497

377 pure live seed m-2 3

603 pure live seed m-2 3

P – value 0.8024
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Heading and Flowering

Treatment Feekes 10.5 Feekes 10.5.1 Feekes 10.5.3

Days from first plant of plot until 50% of the plot

0 kg P2O5 ha-1 3 3 2

47 kg P2O5 ha-1 3 2 2

P – value 0.7390 0.1260 0.3497

377 pure live seed m-2 3 3

603 pure live seed m-2 3 2

P – value 0.8024 0.0011
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Heading and Flowering

Treatment Feekes 10.5 Feekes 10.5.1 Feekes 10.5.3

Days from first plant of plot until 50% of the plot

0 kg P2O5 ha-1 3 3 2

47 kg P2O5 ha-1 3 2 2

P – value 0.7390 0.1260 0.3497

377 pure live seed m-2 3 3 2

603 pure live seed m-2 3 2 2

P – value 0.8024 0.0011 0.3329
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DON and Grain Yield

Treatment FHB 
Index

FDK
(%)

DON
(ppm)

Grain Yield
(kg ha-1)

0 kg P2O5 ha-1

47 kg P2O5 ha-1

P – value

377 pure live seed m-2

603 pure live seed m-2

P – value
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DON and Grain Yield

Treatment FHB 
Index

FDK
(%)

DON
(ppm)

Grain Yield
(kg ha-1)

0 kg P2O5 ha-1 4

47 kg P2O5 ha-1 4

P – value 0.9500

377 pure live seed m-2 6

603 pure live seed m-2 6

P – value 0.2294
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DON and Grain Yield

Treatment FHB 
Index

FDK
(%)

DON
(ppm)

Grain Yield
(kg ha-1)

0 kg P2O5 ha-1 4 11

47 kg P2O5 ha-1 4 10

P – value 0.9500 0.5073

377 pure live seed m-2 6 12

603 pure live seed m-2 6 12

P – value 0.2294 0.1019
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DON and Grain Yield

Treatment FHB 
Index

FDK
(%)

DON
(ppm)

Grain Yield
(kg ha-1)

0 kg P2O5 ha-1 4 11 2.1

47 kg P2O5 ha-1 4 10 2.0

P – value 0.9500 0.5073 0.5009

377 pure live seed m-2 6 12 2.4

603 pure live seed m-2 6 12 2.3

P – value 0.2294 0.1019 0.0769
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DON and Grain Yield

Treatment FHB 
Index

FDK
(%)

DON
(ppm)

Grain Yield
(kg ha-1)

0 kg P2O5 ha-1 4 11 2.1 4768

47 kg P2O5 ha-1 4 10 2.0 4909

P – value 0.9500 0.5073 0.5009 0.0333

377 pure live seed m-2 6 12 2.4 4247

603 pure live seed m-2 6 12 2.3 4393

P – value 0.2294 0.1019 0.0769 0.0079
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Harvest Timing

Treatment FDK
(%)

DON
(ppm)

Grain Yield
(kg ha-1)

13 to 15% Grain Moisture

20 to 22% Grain Moisture

P – value
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Harvest Timing

Treatment FDK
(%)

DON
(ppm)

Grain Yield
(kg ha-1)

13 to 15% Grain Moisture 11

20 to 22% Grain Moisture 10

P – value <0.0001
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Harvest Timing

Treatment FDK
(%)

DON
(ppm)

Grain Yield
(kg ha-1)

13 to 15% Grain Moisture 11 1.7

20 to 22% Grain Moisture 10 2.4

P – value <0.0001 <0.0001
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Harvest Timing

Treatment FDK
(%)

DON
(ppm)

Grain Yield
(kg ha-1)

13 to 15% Grain Moisture 11 1.7 4873

20 to 22% Grain Moisture 10 2.4 4823

P – value <0.0001 <0.0001 0.4529
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Summary

• Management practices investigated did not reduce time to 
heading, beginning flowering, or full flowering
– STAY TUNED
– We will investigate further by examining total duration of these 

growth stages

• In-furrow P and seeding rate did not reduce FHB Index, FDK, 
or DON
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Summary

• Phosphorus and greater seeding rate increased yield

• Harvesting at 20 to 22%
– Reduced FDK
– Increased DON
– Did not impact grain yield
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Thank You!
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Kentucky Grain Crop Production



Map created at mapchart.net
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Planted October 9



98%



96%



94%

Soft red winter
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In Ky—much grain crops produced—including wheat

==2018 shaded counties = 	98% wheat production

	 	96% corn production

		95% soybean production
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Kentucky Grain Crop Rotations
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Photo: Jeff Franklin

Year 1



Year 2

Full-Season

Double-Crop



Photo: Jeff Franklin
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Annual Risk of FHB
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Essentially all wheat follows corn

Majority of wheat is drilled into no- or minimally- tilled corn residue
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Essentially 100% wheat crop follows corn

--majority is no- or min- till
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		State		5-Yr Mean
Soft Red Winter Wheat Harvested 
ha†		5-Yr Mean
Soft Red Winter Wheat Yield  
kg ha-1 (bu acre-1) †

		Illinois		208,000		

		Kentucky		147,700		

		Michigan		195,900		

		Missouri		212,900		

		North Carolina		153,400		

		Ohio		189,000		

		Tennessee		121,800		



†Data obtained from USDA-NASS (https://quickstats.nass.usda.gov/).
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Even though our wheat rotation is opposite of what many other state’s recommend….Highly productive system for our producers
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		State		5-Yr Mean
Soft Red Winter Wheat Harvested 
ha†		5-Yr Mean
Soft Red Winter Wheat Yield  
kg ha-1 (bu acre-1) †

		Illinois		208,000		 4708 (70)

		Kentucky		147,700		4977 (74)

		Michigan		195,900		5447 (81)

		Missouri		212,900		4237 (63)

		North Carolina		153,400		3497 (52)

		Ohio		189,000		4708 (70)

		Tennessee		121,800		4640 (69)



†Data obtained from USDA-NASS (https://quickstats.nass.usda.gov/).
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Even though our wheat rotation is opposite of what many other state’s recommend….Highly productive system for our producers
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Future of Wheat Production in Kentucky
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Profitability

Mitigating the annual threat of FHB
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To continue to maintain AND increase wheat yields, must mitigate the impact of FHB
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Recommendations to Manage FHB
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Photo: Carl Bradley



Moderately Resistant Cultivars

Fungicide at Feekes 10.5.1 (Zadoks 60)
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Two broad recommendations, which are universal

--Major challenges with both
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Variability in the Growth Stage of the Wheat Field
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Un-even stands/growth stages….greatly complicate fungicide application/efficacy
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Variability in the Growth Stage of the Wheat Field
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Can remain throughout much growing season…..lead to reduced efficacy of fungicides….
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Goal: Identify Management Practices that could Mitigate FHB
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Really=it is this phenomenon (variable flowering timing) that prompted this study
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Objectives

To determine if management practices can:

Reduce variability in flowering (duration)

Deoxynivalenol (DON)



Management Practices

In-Furrow Phosphorus Application 

Increased Seeding Rate 

Harvest Timing
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Materials and Methods

Fall 2016, 2017, and 2018

Planting Date

October

November

In-Furrow Phosphorus

  0 kg P2O5 ha-1

47 kg P2O5 ha-1

**all fields had adequate P**

Harvest Timing

20 to 22% grain moisture

13 to 15% grain moisture



Fall 2017 and 2018

Seeding Rate

377 pure live seed m-2

603 pure live seed m-2
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Materials and Methods

Fall 2016, 2017, and 2018

Environments

Mist-irrigated FHB nursery inoculated with F. graminearum-infested corn

“Ambient”

Cultivar

Moderately-Resistant to Fusarium graminearum (Pembroke 2016)

Moderately-Susceptible to F. graminearum (Pioneer 26R53)
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Materials and Methods

Experimental Design

Randomized Complete Block

5 replications

PROC GLIMMIX SAS 9.4

-means adjusted with the Tukey method



Data Collected

Date of:

Feekes 10.5    (Zadoks 58)

Feekes 10.5.1 (Zadoks 60)

Feekes 10.5.3 (Zadoks 68)



Fusarium Head Blight Index



Fusarium Damaged Kernels (FDK)



Deoxynivalenol (DON)



Grain Yield
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2018 Heading and Flowering Duration
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2018 Heading and Flowering Duration
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2019 Heading and Flowering Duration
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2019 Heading and Flowering Duration
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Heading and Flowering

		Treatment		Feekes 10.5		Feekes 10.5.1		Feekes 10.5.3

				Days from first plant of plot until 50% of the plot				

		  0 kg P2O5 ha-1						

		47 kg P2O5 ha-1						

		P – value						

								

		377 pure live seed m-2						

		603 pure live seed m-2						

		P – value						
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Heading and Flowering

		Treatment		Feekes 10.5		Feekes 10.5.1		Feekes 10.5.3

				Days from first plant of plot until 50% of the plot				

		  0 kg P2O5 ha-1		3				

		47 kg P2O5 ha-1		3				

		P – value		0.7390				

								

		377 pure live seed m-2						

		603 pure live seed m-2						

		P – value						
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Heading and Flowering

		Treatment		Feekes 10.5		Feekes 10.5.1		Feekes 10.5.3

				Days from first plant of plot until 50% of the plot				

		  0 kg P2O5 ha-1		3		3		

		47 kg P2O5 ha-1		3		2		

		P – value		0.7390		0.1260		

								

		377 pure live seed m-2						

		603 pure live seed m-2						

		P – value						
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Heading and Flowering

		Treatment		Feekes 10.5		Feekes 10.5.1		Feekes 10.5.3

				Days from first plant of plot until 50% of the plot				

		  0 kg P2O5 ha-1		3		3		2

		47 kg P2O5 ha-1		3		2		2

		P – value		0.7390		0.1260		0.3497

								

		377 pure live seed m-2						

		603 pure live seed m-2						

		P – value						
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Heading and Flowering

		Treatment		Feekes 10.5		Feekes 10.5.1		Feekes 10.5.3

				Days from first plant of plot until 50% of the plot				

		  0 kg P2O5 ha-1		3		3		2

		47 kg P2O5 ha-1		3		2		2

		P – value		0.7390		0.1260		0.3497

								

		377 pure live seed m-2		3				

		603 pure live seed m-2		3				

		P – value		0.8024				
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Heading and Flowering

		Treatment		Feekes 10.5		Feekes 10.5.1		Feekes 10.5.3

				Days from first plant of plot until 50% of the plot				

		  0 kg P2O5 ha-1		3		3		2

		47 kg P2O5 ha-1		3		2		2

		P – value		0.7390		0.1260		0.3497

								

		377 pure live seed m-2		3		3		

		603 pure live seed m-2		3		2		

		P – value		0.8024		0.0011		
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Heading and Flowering

		Treatment		Feekes 10.5		Feekes 10.5.1		Feekes 10.5.3

				Days from first plant of plot until 50% of the plot				

		  0 kg P2O5 ha-1		3		3		2

		47 kg P2O5 ha-1		3		2		2

		P – value		0.7390		0.1260		0.3497

								

		377 pure live seed m-2		3		3		2

		603 pure live seed m-2		3		2		2

		P – value		0.8024		0.0011		0.3329
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DON and Grain Yield

		Treatment		FHB 
Index		FDK
(%)		DON
(ppm)		Grain Yield
(kg ha-1)

		  0 kg P2O5 ha-1								

		47 kg P2O5 ha-1								

		P – value								

										

		377 pure live seed m-2								

		603 pure live seed m-2								

		P – value								
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DON and Grain Yield

		Treatment		FHB 
Index		FDK
(%)		DON
(ppm)		Grain Yield
(kg ha-1)

		  0 kg P2O5 ha-1		4						

		47 kg P2O5 ha-1		4						

		P – value		0.9500						

										

		377 pure live seed m-2		6						

		603 pure live seed m-2		6						

		P – value		0.2294						
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DON and Grain Yield

		Treatment		FHB 
Index		FDK
(%)		DON
(ppm)		Grain Yield
(kg ha-1)

		  0 kg P2O5 ha-1		4		11				

		47 kg P2O5 ha-1		4		10				

		P – value		0.9500		0.5073				

										

		377 pure live seed m-2		6		12				

		603 pure live seed m-2		6		12				

		P – value		0.2294		0.1019				
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DON and Grain Yield

		Treatment		FHB 
Index		FDK
(%)		DON
(ppm)		Grain Yield
(kg ha-1)

		  0 kg P2O5 ha-1		4		11		2.1		

		47 kg P2O5 ha-1		4		10		2.0		

		P – value		0.9500		0.5073		0.5009		

										

		377 pure live seed m-2		6		12		2.4		

		603 pure live seed m-2		6		12		2.3		

		P – value		0.2294		0.1019		0.0769		
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DON and Grain Yield

		Treatment		FHB 
Index		FDK
(%)		DON
(ppm)		Grain Yield
(kg ha-1)

		  0 kg P2O5 ha-1		4		11		2.1		4768

		47 kg P2O5 ha-1		4		10		2.0		4909

		P – value		0.9500		0.5073		0.5009		0.0333

										

		377 pure live seed m-2		6		12		2.4		4247

		603 pure live seed m-2		6		12		2.3		4393

		P – value		0.2294		0.1019		0.0769		0.0079
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Harvest Timing

		Treatment		FDK
(%)		DON
(ppm)		Grain Yield
(kg ha-1)

		13 to 15% Grain Moisture						

		20 to 22% Grain Moisture						

		P – value						
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Harvest Timing

		Treatment		FDK
(%)		DON
(ppm)		Grain Yield
(kg ha-1)

		13 to 15% Grain Moisture		11				

		20 to 22% Grain Moisture		10				

		P – value		<0.0001				
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Harvest Timing

		Treatment		FDK
(%)		DON
(ppm)		Grain Yield
(kg ha-1)

		13 to 15% Grain Moisture		11		1.7		

		20 to 22% Grain Moisture		10		2.4		

		P – value		<0.0001		<0.0001		
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Harvest Timing

		Treatment		FDK
(%)		DON
(ppm)		Grain Yield
(kg ha-1)

		13 to 15% Grain Moisture		11		1.7		4873

		20 to 22% Grain Moisture		10		2.4		4823

		P – value		<0.0001		<0.0001		0.4529
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Summary

Management practices investigated did not reduce time to heading, beginning flowering, or full flowering

STAY TUNED

We will investigate further by examining total duration of these growth stages

In-furrow P and seeding rate did not reduce FHB Index, FDK, or DON
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Summary

Phosphorus and greater seeding rate increased yield



Harvesting at 20 to 22%

Reduced FDK

Increased DON

Did not impact grain yield
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