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Recurring life cycle stages
influenced by genetic and
environmental interaction
(flowering time and
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Barley flowering/anthesis —vs- heading
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Heading date is not Flowering time in Spring Barley

Algudah and Schnurbusch, 2017, Frontiers in Plant Science
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Fungicide application in spring barley

Heading +3-5 days application was the most efficacious in spring barley
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2014 & 15 — Barley IM Trials — LREC and FAR

These IPM studies have been conducted with Prosaro, Caramba, Miravic Ace
and Adepidyn

2015 —Brueggeman, Chapara and Friskop, USWBSI



Managing Scab in winter barley with
resistance and Fungicides
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Comparison of Miravic Ace, Prosaro and Caramba,\ for management
of DON in Winter Barley

Cowger, poster #3, 2019
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Timing of
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spring and
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Variability of heading stages in the field
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Even more variability in winter barley



More variability in
winter barley

A consideration is cleistogomy vs
chasmogomy

Cleistogamy also provides a
means of escape from fusarium
head blight infection

influence winter barley
cleistogamy which may also have
a negative effect on head blight
infection

Nair et al., 2010, PNAS



Barley head/floret morphology

Barley head morphology
differences result in distinct
infection processes and disease
progression

The florets and their
morphological characteristics are
determinant of pathogen
infection and colonization
processes




Floret infection in wheat lacking Type |l
resistance spread through the rachis

wheat barley

Jansen et al., 2005, PNAS



Investigation of head morphology traits that
influence infection processes
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Imboden et al., 2018, MPP



Trichome morphology influences infection
processes

Detached floret




Head/floret maturity influenced
disease spread

“Infections of more mature florets supported the spread of hyphae into the
vascular bundles, whereas younger florets did not show this spread”

Vascular bundles Pre-lemma/palea fusion Post lemae/palea fusion

Imboden et al., 2018, MPP




Conclusions on implications of
understanding the effects that barley

phenology and head morphology have on
FHB management

Timing of fungicide application to protect the entire head
across the field

Increase genetic resistance mechanisms
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Recurring life cycle stages influenced by genetic and environmental interaction (flowering time and heading)

Phenology



Picture provided by Andrew Friskop, NDSU







Phenology

Important because barley florets are the site of Fusarium infection







Barley flowering/anthesis –vs- heading



Alqudah and Schnurbusch, 2017, Frontiers in Plant Science

Heading date is not Flowering time in Spring Barley
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Barley heading stages

Picture provided by Andrew Friskop, NDSU





Fungicide application in spring barley

Heading +3-5 days application was the most efficacious in spring barley 

2014 & 15 – Barley IM Trials – LREC and FAR

2015 –Brueggeman, Chapara and Friskop, USWBSI



These IPM studies have been conducted with Prosaro, Caramba, Miravic Ace

and Adepidyn





Non-treated	[VALUE] a
[VALUE] a

Quest	Tradition	2.2000000000000002	2.8	Prosaro @ Fks. 10.5	[VALUE] a
[VALUE] a

Quest	Tradition	1.7	2.6	Prosaro @ Fks. 10.5 + 4-5 days	[VALUE] b
[VALUE] b

Quest	Tradition	0.9	1.4	Variety


DON Level (ppm)




Managing Scab in winter barley with resistance and Fungicides



Cowger, poster #3, 2019



Comparison of Miravic Ace, Prosaro and Caramba,\ for management of DON in Winter Barley 
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Timing of fungicide application is similar in both spring and winter barley

~ 6 day window

Picture provided by Andrew Friskop, NDSU







Variability of heading stages in the field
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Even more variability in winter barley



Picture provided by Andrew Friskop, NDSU





More variability in winter barley

A consideration is cleistogomy vs chasmogomy

Cleistogamy also provides a means of escape from fusarium head blight infection



Environment influences appear to influence winter barley cleistogamy which may also have a negative effect on head blight infection

Nair et al., 2010, PNAS
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Barley head/floret morphology

Barley head morphology differences result in distinct infection processes and disease progression



The florets and their morphological characteristics are determinant of pathogen infection and  colonization processes







2-row

6-row







Floret infection in wheat lacking Type II resistance spread through the rachis



Jansen et al., 2005, PNAS

wheat

barley





Investigation of head morphology traits that influence infection processes 

Imboden et al., 2018, MPP
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Domed trichomes and cork cells





Prickle-lke trichomes and cork cells
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Trichome morphology influences infection processes 







Imboden et al., 2018, MPP



Detached floret
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Head/floret maturity influenced disease spread

Imboden et al., 2018, MPP



“Infections of more mature florets supported the spread of hyphae into the vascular bundles, whereas younger florets did not show this spread” 



Pre-lemma/palea fusion

Post lemae/palea fusion

Vascular bundles

Perithecia





Conclusions on implications of understanding the effects that barley phenology and head morphology have on FHB management



Timing of fungicide application to protect the entire head across the field

     

Increase genetic resistance mechanisms
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Infected florets may be empty, or have
shriveled discolored kernels
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http://www.frontiersin.org/Plant_Science



http://www.frontiersin.org
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Microsoft_Excel_Worksheet.xlsx

Sheet1


			 			Non-treated			Prosaro @ Fks. 10.5			Prosaro @ Fks. 10.5 + 4-5 days


			Quest			2.2			1.7			0.9


			Tradition			2.8			2.6			1.4


			Celebration			2.4			1.12			0.66


			S_Prosaro @ Early Flowering + 4-5 days			4.5			2.8			5


			MS_Prosaro @ Early Flowering + 4-5 days


			MR_Prosaro @ Early Flowering + 4-5 days
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Managing Scab in W inter Barley with Resistance and FungicidesChristina Cowger, USDA-ARS, Department of Entomology & Plant Pathology, North Carolina State University, Raleigh, NC, Christina.Cowger@ars.usda.govMATERIALS & METHODSThe experiment had a split-plot design with 4 replicate blocks.  Each sub-plot consisted of four adjacent  8-foot rows.  Winter barley cultivation is increasing throughout the eastern U.S. due to the expansion of craft brewing and distilling.  In malting barley, tolerance for scab –caused by Fusarium graminearumandrelated fungi --is extremely low.  Infected spikeletsare bleached, discolored and shriveled. They contain the mycotoxin DON (deoxynivalenol).Low-Fusariumwinter barley is key to providing a local grain supply to the rapidly growing eastern U.S. malting industry.  Barley is also grown throughout the eastern U.S. for animal feed.For 12 oz. of beer, 21 barley heads are needed. Gushing, as seen on the right, increases with the severity of Fusariuminfection in the malt.Acknowledgements


Thanks to Michael Elliott, Matt Hargrove, Jean Beacorn, and Gabe Supinofor 


excellent technical assistance.  Thanks to Dr. YanhongDong, Univ. of 


Minnesota, for DON analysis, and to the US Wheat & Barley Scab Initiative 


and the NC Small Grain Growers Association for financial support.


Previous research (2015-17) with North Carolina winter barleys showed a maximum DON reduction of 70-80%, using variety resistance and Prosaro(Fig. 1), and no difference from spraying when spikes were just 100% emerged vs. 6 days later. MAIN PLOTS:  3 barley varieties, differing in scab resistance•Flavia (S) –2-row malt•Thoroughbred (MS)–6-row feed/malt •Violetta(MS-MR) –2-row malt Michael Elliott applies fungicide to Fusarium-inoculated barley plots in Raleigh, May 2018.Fusarium-infected corn was spread three times on plots:  34, 24, and 14 days before full heading of the earliest variety.  Mist was provided 3 hours each morning and 3 hours each afternoon (2 min out of each 20 min).  Disease incidence and severity were recorded 30 days after the first fungicide applications. xExcludes the unsprayed plots.  Within a row, means followed by the same letter are not significantly different at P≤ 0.05.Y Includes the unsprayed plots.  Within the column, means followed by the same letter are not significantly different at P≤ 0.05.DON  Averaging across treatments, DON was not significantly different from applications at 50% spikes emerged, 100% spikes emerged and those 6 days later.  Violettahad less DON than Flavia, and Thoroughbred was intermediate (Table 1, green letters).For each cultivar, early applications had numerically higher DON than medium or late ones.  But the only significant timing effect was on Thoroughbred, where DON was lower from the late application than from the other two (Table 1, red letters.)Test WeightTest weight followed the pattern of DON, with Violetta> Thoroughbred > Flavia (P< 0.0001; means not shown).TW did not differ significantly between early, medium and late fungicide timings (P≥ 0.10).Fig. 1. Percent DON reduction relative to susceptible cultivar Atlantic unsprayed.  T1 = Prosaroat 100% spikes 


emerged; T2 = Prosaroat 


6 d. after 100% spikes 


emerged.  


Barley scab:  bleaching & darkening of spikelets(left); infected kernels become discolored and can have black fungal fruiting bodies (above).SUB-PLOTS:  Oz/  Timing Fungicide acre(spike emergence)Prosaro 8.0 100%Miravis Ace 11.5 100%Miravis Ace 11.5 50%Miravis Ace 13.7 100%Miravis Ace 13.7 50%Prosaro 8.0 50%Prosaro 8.0 100% +6 daysMiravis Ace 11.5 100% +6 daysMiravis Ace 13.7 100% +6 daysDATAAwn 


tipping


The effect of fungicide treatment depended on variety.   Fungicides did not significantly reduce symptoms in Flavia, likely because of very uneven heading, nor in Violetta.  However, 4 of the fungicide treatments did reduce symptoms in Thoroughbred (asterisks; P≤ 0.05).  There was no significant difference in DON among fungicide treatments, and all reduced DON compared to the 


unsprayed check. Test weight was significantly affected by fungicide treatment; several treatments resulted in 


higher test weights than the unsprayed check, but there was no clear trend by product or timing (P≤ 0.05). 


CONCLUSIONS1)All fungicide treatments reduced DON relative to the unsprayed controls.  Three treatments also boosted test weight.2)Across cultivars, DON and test weight were the same for the “medium” and “late” fungicide timings.  This confirms there is at least a 6-day 


window for effective fungicide application, 


starting at 100% spikes emerged.


3)Results did not support an “early” fungicide 


timing (50% spikes emerged); DON was always 


numerically higher.  In the case of Thoroughbred, 


the “late” timing was significantly lower-DON than 


the “early” and “medium” timings.
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RESULTS SUMMARYYIELDDON


Fungicide treatment had no effect on yield.  Varieties had significantly different yields, with Thoroughbred’s high yield expected as a six-row type (P≤ 0.05).  TEST WEIGHT


INTRODUCTIONNEW QUESTIONS


•Efficacy of early 


fungicide application 


(spikes 50% emerged)


•Compare new 


product, MiravisAce, 


to Prosaro


VISIBLE FHB SYMPTOMS Table 1.DON ppm averaged across treatments, where Early = 50% spike emergence, Medium = 100% spike emergence, and Late = 100% spike emergence + 6 days.
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