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DH130910 is a two-row facultative malting barley (Hordeum vulgare subsp. vulgare) developed by Oregon State University (OSU). The variety is proposed for release based on its excellent agronomic performance and competitive malting quality. It is well adapted to the Pacific Northwest (South Idaho, Palouse, Columbia Basin, and western valleys of Oregon and Washington) and New York. Data from the Winter Malting Barley Trial (WMBT), which is grown throughout the US, suggests that it may have broader adaptation. DH130910 was bred for fall-planting, but it will flower under spring-planted conditions as well. Based on the limited spring-planted yield trials conducted to date, DH130910 would be competitive at some locations under spring-planted conditions but other varieties may be higher yielding. More extensive spring-planted assessments in regional yield trials are underway. 
DH130910 has passed its first year of the American Malting Barley Association (AMBA) pilot scale program and was rated as satisfactory. At this time, the AMBA approval process is focused on fall-planted samples of DH130910. The proposed name for DH130910 is ‘Lightning’, continuing in the ‘Thunder’ tradition and emphasizing the potential of facultative varieties as a tool for addressing the need for stable supplies of malting barley as the climate changes. This name is approved by the USDA. 
DH130910 is a rough-awned, two-row facultative barley with long rachilla hairs, white auricles, closed collars, pubescent leaf sheaves, and glabrous leaf blades. It is a doubled haploid derived from the F1 of the cross TC6W265/29494_2991. TC6W265 is a six-row facultative barley breeding line developed by OSU. 29494_2991 is an experimental winter two-row barley developed from the program of Markus Herz (Germany). The cross between TC6W265 and 29494_2991 was made in 2012 at Oregon State University and the doubled haploids were produced in 2013.
From 2013 to 2016, DH130910 advanced through mini-plot, preliminary, and advanced yield trials in the Willamette Valley of Oregon, based on agronomic and malting quality performance. After the 2016 harvest, DH130910 progressed to regional and national trials. DH130910 was included in the WMBT for three years (2016-17, 2017-18, 2018-19) and the fourth year (2019-20) is underway. Two years of trials (2017-18 and 2018-19) have been conducted with University of Idaho Extension, and the third year (2019-20) is underway. On-farm trials were conducted in Idaho and Oregon in 2018-19 and more are being grown in 2019-20. In New York, DH130910 has been tested in state-wide trials for winter barley from 2017 to 2019 and in spring trials in 2018 and 2019.
Agronomic performance
Agronomic data across all experiment years are summarized for Western Oregon (Table 1), the multi-location Winter Malting Barley Trial (WMBT) (Table 2), and the two Idaho locations (Table 3). The greatest strength of DH130910 is grain yield. On average, across all experiment years, DH130910 yielded higher than both checks at all locations. Test weight, which was measured only in  Western Oregon, was considerably higher for DH130910, compared to the checks. Heading time was similar to that observed in checks. The relative plant height of DH130910 varied with location. In the WMBT and in the Idaho locations, DH130910 was similar or slightly taller than the checks, whereas in Western Oregon it was 6 inches taller. Taller plants, however, did not result in increased lodging (Table 1). On average, lodging scores were similar across all entries in Western Oregon, slightly lower for ‘Wintmalt’ in the WMBT, and considerably lower for DH130910 in Idaho. 
In summary, DH130910 is higher yielding than both checks under all production systems in the Pacific Northwest. Western Oregon data represents a high-rainfall system, Aberdeen and Rupert represent irrigated conditions, and the WMBT represents a wide range of systems across the US. The excellent agronomic performance of DH130910 across these locations indicates that it is adapted to a range of environmental conditions. 
In New York, over three years of state-wide winter barley trials, DH130910 grain yields were 9% above the mean of current check varieties, ‘KWS Scala’ and ‘Endeavor’ (Table 4).  In two years of state-wide spring barley trials, DH130910 grain yields were 19% less than the mean of current check varieties, ‘KWS Tinka’ and ‘AAC Synergy’. DH130910 had a higher test weight, was two days earlier to head out, and was more resistant to lodging than either check. It was similar to KWS Scala for height and 4 inches shorter than Endeavor.
Table 1. Agronomic performance of fall planted DH130910 compared to check cultivars. Average of 2014-2019 trials in Western Oregon (Corvallis and Lebanon). 

	Entry 
	Yield 
(bu/acre)
	Test Weight
(lbs/bu)
	Plant Height 
(in)
	Lodging (1-9)
	Stripe Rust (%)
	Scald (%)

	Station yrs. 
	10
	11
	11
	11
	6
	11

	DH130910
	146
	54.4
	45
	3.1
	5
	5

	Endeavor
	115
	51.5
	39
	3.2
	5
	69

	Wintmalt 
	122
	51.2
	39
	2.8
	19
	46




Table 2. Agronomic performance of fall planted DH130910 compared to check cultivars. Average of the 2017, 2018, and 2019 Winter Malting Barley Trial. 

	Entry
	Yield
(bu/acre)
	Heading (DOY)
	Plant Height
(in)
	Lodging (0-9)
	Winter Survival
(%)
	Net Blotch (0-9)
	Powdery Mildew (0-9)

	Station yrs.
	45
	34
	39
	25
	14
	4
	9

	DH130910
	93
	125
	33
	2.3
	76
	2.0
	0.1

	Endeavor
	83
	122
	32
	2.4
	64
	2.0
	1.0

	Wintmalt
	87
	126
	31
	1.7
	74
	2.0
	1.3



Table 3. Agronomic performance of fall planted DH130910 compared to check cultivars. Average of the 2018 & 2019 University of Idaho Extension Trials (Aberdeen and Rupert). 

	Entry
	Yield
(bu/acre)
	Heading (DOY)
	Plant Height
(in)
	Lodging (%)
	Spring Stand
(%)

	Station yrs. 
	4
	4
	4
	4
	4

	DH130910
	157
	145
	41
	16
	99

	Endeavor
	139
	147
	42
	63
	98

	Wintmalt
	151
	147
	40
	35
	98




Table 4. Agronomic performance of fall planted DH130910 compared to check cultivars. Average of the 2017 to 2019 New York state-wide trials.
	Entry 
	Yield 
(bu/acre)
	Test Weight
(lbs/bu)
	Heading (DOY)
	Plant Height
(in) 
	Lodging (1-9)

	Station yrs. 
	12
	12
	4
	4
	6

	DH130910
	86
	49.8
	148
	32
	2.8

	KWS Scala
	80
	46.9
	150
	31
	3.2

	Endeavor
	81
	48.2
	150
	36
	4.8




Table 5. Agronomic performance of fall planted DH130910 compared to check cultivars. Average of the 2017 to 2019 New York state-wide trials.
	Entry 
	Scald (%)
	FHB Index (%)
	DON (ppm)
	Pre-harvest Sprouting (0-9)
	Winter Survival (%)

	
	
	
	
	
	

	Station yrs. 
	6
	4
	4
	4
	6

	DH130910
	14
	5.8
	13.9
	0.1
	65

	KWS Scala
	48
	11.2
	14.5
	0.8
	63

	Endeavor
	57
	4.6
	16.6
	6.0
	59



Resistance to abiotic and biotic stresses 
Winter injury is the principal threat to fall-planted malting barley. Winter survival was measured across the WMBT trials and New York state-wide trials. In the WMBT, DH130910 showed the highest winter survival rate compared to checks (average of 76% across 14 station years). This is considerably higher than the 64% survival rate observed for Endeavor, and 2 percent points higher than Wintmalt, which is a winter variety considered to have a good level of winter hardiness. In New York, DH130910 was equal to KWS Scala for winter survival and more winter hardy than Endeavor (Table 5).
Disease susceptibility was measured for the principal diseases in each location. In the Pacific Northwest, especially west of the Cascades, stripe rust (incited by Puccinia striiformis f. sp. hordei) and scald (incited by Rhynchosporium commune) are the principal diseases threatening barley. In Western Oregon, DH130910 was considerably less susceptible to stripe rust than Wintmalt, and considerably less susceptible to scald than both checks. Wintmalt and Endeavor are considered to be resistant/moderately resistant to stripe rust and susceptible to scald. Therefore, DH130910 can be considered resistant to both stripe rust and scald. Across the WMBT locations, the fungal diseases net blotch (Pyrenophora teres) and powdery mildew (Blumeria graminis) were assessed. All three entries were rated equally for net blotch, and DH130910 was the least susceptible to powdery mildew. In the Idaho trials no disease data was reported. In New York, scald and fusarium head blight (caused by Fusarium graminearum) are the two most important diseases in winter barley and DH130910 showed very good resistance to scald (Table 5).
Disease data other than that shown in Tables 1 and 2 are available from a subset of environments. Overall, DH130910 has demonstrated good broad-spectrum disease resistance. It was selected by the Cornell University cereals program based on its resistance to scald and Fusarium head blight (FHB) and was used as a parent of crosses from which doubled haploids were produced for the US Wheat and Barley Scab Initiative (USWBSI). In Mt. Holly, VA (2018 data), the FHB and deoxynivalenol (DON) indexes were 4.1 and 0.7, respectively. The corresponding values for Endeavor were 6.2 and 3.2 and for Wintmalt were 6.2 and 1.9. At Fargo, ND (2018 data), however, the FHB severity for DH130910 was 21 and the DON was 26. Endeavor and Wintmalt were not included in this test: by way of comparison the corresponding values for ‘Stander’ were 30 and 34.5. In the New York FHB nursery, the FHB index (combines incidence and severity) was equal to Endeavor which is considered to be one of the more resistant varieties (Table 5). However, DON levels were similar to Endeavor and KWS Scala. In the 2019 Barley Stripe Rust Screening Trial (Corvallis, OR and Davis, CA) the average stripe rust severity for DH130910 was 14%, as compared to 72% for ‘Thoroughbred’, the susceptible check. At Mount Vernon, WA, there was a severe epidemic of leaf rust in 2016. The leaf rust % severity for DH130910 was 17%, compared to 47% and 28% for Endeavor and Wintmalt, respectively. 
In summary, based on the data obtained to date, DH130910 is resistant to stripe rust, scald, net blotch and powdery mildew, and relatively tolerant to FHB and leaf rust.
Malting quality 
Malting barley varieties must meet stringent requirements for AMBA approval. DH130910 is close to meeting AMBA specifications for both adjunct two-row and all malt two-row malting barley (Table 6). In malting quality specifications, higher values are better for plump seed and malt extract. Lower values are better for wort beta-glucan. There is an upper limit to grain protein and upper/lower boundaries for the soluble/total protein ratio (S/T). For all malt two-row there are upper limits to wort protein (5.5%) and upper/lower boundaries for diastatic power (110-150 °ASBC), alpha amylase (40-70 DU), and free amino nitrogen (140-190 ppm). For adjunct two-row there are lower limits to diastatic power (120 °ASBC), alpha amylase (50 DU), and FAN (210 ppm), and upper/lower boundaries for wort protein (4.8-5.6%). 
The two AMBA checks are currently Endeavor and Wintmalt. Both are 2-row, winter malting barleys that are on the list of AMBA-recommended varieties. Endeavor was developed by the USDA-ARS program (Aberdeen, Idaho). Wintmalt was developed by KWS (Germany) and is the most widely-grown winter two-row malting barley in the Pacific Northwest. In 9 micro-malting tests, the malting quality of DH130910 was competitive to both checks (Table 6). The kernel plumpness is much better than Endeavor and superior to Wintmalt. The malt extract values are comparable for the three varieties. Barley protein is slightly higher than the checks, but within specification. The S/T for DH130910 is also within specification for both all malt and adjunct two-row malt. Diastatic power was slightly above the all malt spec but comparable to that of Endeavor. Alpha amylase activity was at the low end of the all malt criteria however, the low alpha amylase activity translated to excellent resistance to pre-harvest sprouting in the unusually wet Willamette Valley 2019 harvest. The wort beta glucan was much lower than that of Endeavor and comparable to that of Wintmalt. The FAN is within the all malt specification.  
DH130910 most closely aligns with the all malt two-row criteria. Of all the malting quality parameters measured, DH130910 meets all the AMBA specifications except for diastatic power which, on average, falls just outside the 110-150 range at 163. According to the AMBA specifications for adjunct two-row DH130910 is slightly low for wort protein (4.6% vs 4.8%), alpha amylase (41 vs 50), and FAN (188 vs 210).  
In New York, the emphasis is on “All Malt Quality” because the brewing industry in the Northeast is predominantly craft brewing. Kernels of DH130910 were heavier than KWS Scala and Endeavor, similar in plumpness to KWS Scala, and plumper than Endeavor. Malt extract, barley protein, and FAN were similar to checks. DH130910 had slightly lower diastatic power. Endeavor had the highest beta glucan, KWS the lowest, and DH130910 was intermediate and slightly higher than specifications. The all malt quality score was similar for DH130910 and KWS Scala and both were superior to Endeavor.
Table 6. Malt quality1 of DH130910 and check cultivars using data from analyses of barley samples grown at multiple locations in the US (2014-2018).

	Entry
	Plump Kernels (%)
	Malt Extract (%)
	Barley Protein (%)
	Wort Protein (%)
	S/T
(%)
	DP
(0ASBC)
	Alpha Amylase
(20°DU)
	Beta Glucan
(ppm)
	FAN
(ppm)

	Station yrs.
	9
	9
	9
	9
	9
	9
	9
	9
	9

	DH130910
	98.2
	81.5
	11.1
	4.60
	44.1
	163
	41.4
	67
	188

	Endeavor
	79.5
	81.9
	10.4
	4.94
	51.9
	164
	101.7
	201
	232

	Wintmalt
	96.1
	81.4
	10.2
	4.10
	43.5
	140
	55.8
	64
	169



1Data courtesy of the USDA-ARS Cereal Crops Research Unit, Madison, WI.


Table 7. Malt quality1 of DH130910 and check cultivars using data from analyses of barley samples grown in Ithaca, NY (2017-2019).
	Entry
	Kernel Weight (g)
	Plump Kernels (%)
	Malt Extract (%)
	Barley Protein (%)
	DP
(0ASBC)
	Beta Glucan
(ppm)
	FAN
(ppm)
	All Malt Quality 
Score

	Station yrs.
	3
	3
	3
	3
	3
	3
	3
	3

	DH130910
	46.4
	96.4
	79.6
	12.5
	162
	152
	185
	30

	KWS Scala
	43.9
	97.4
	80.0
	11.9
	181
	99
	176
	31

	Endeavor
	33.9
	80.5
	79.8
	12.2
	172
	239
	212
	23



1Data courtesy of the USDA-ARS Cereal Crops Research Unit, Madison, WI.


Seed production
The production of certified classes of seed is proceeding in three ways. 1) Breeder’s seed was produced from head row purification blocks at Hyslop Farm in 2019. Approximately one acre of this seed was planted in the fall of 2019 at Othello, Washington by Washington State Crop Improvement Association for the production of Foundation seed. 2) Breeder’s seed from increase blocks grown at Corvallis, Oregon was harvested in 2018 and, under a research Materials Transfer Agreement, was used by Golden Valley Warehouses Inc. to plant approximately one acre of Breeder’s seed near Rupert, Idaho in the fall of 2018. The approximately 8,000 pounds of seed from this increase were used to plant approximately 80 acres in the fall of 2019. Production from this acreage (2020 harvest) will be used primarily for commercial assessment of malting quality by Great Western Malting. Approximately ten acres will be reserved for production of Experimental Foundation Seed, pending passing inspection by the Idaho Crop Improvement Association. 3) In New York, 1 acre of breeder seed was planted in the spring of 2019 using seed harvested from rogued trial plots. This lot was rogued thoroughly and inspected by the New York Seed Improvement Project and approximately 900 pounds of seed were harvested and cleaned. In the fall of 2019, seven acres were planted for Foundation seed production.
Licensing and royalties 
DH130910 is recommended for release with non-exclusive licenses. Release with non-exclusive licenses is a condition for receipt of research funding from the American Malting Barley Association. There will be a one-time application fee of $250 for each non-exclusive license. Those interested in a license should contact Denis Sather at the OSU Office of Commercialization and Corporate Development (denis.d.sather@oregonstate.edu). DH130910 can only be sold as a class of certified seed with a royalty of $0.03/lb. The $0.03/lb royalty will be paid on sale of this seed. All grain harvested must be disposed of by malting or feeding, unless permission is obtained - in writing - from OSU to use the seed for other purposes, including re-planting. In New York a research fee will be charged per pound of Foundation seed sold in order to cover costs and support further barley research. The New York Seed Improvement Project will be authorized to produce Breeder and Foundation seed as needed for seed production in the Northeast.
Variety protection 
Plant Variety Protection will not be sought for DH130910 due to the special status of malting barley in the US, where the malting barley supply chain is based on sale of certified seed. By specifying that all seed sales must be a class of certified seed we will ensure that growers will be purchasing seed from the seed dealers with non-exclusive licenses. There is not an open market in the US for malting barley that is not grown from a class of certified seed: the risk to the maltster is too great. The variety will be protected by Federal Seed Law and OSU recognized as the owner of the variety. Furthermore, Oregon, Idaho and Washington state trademarks will be applied for that specify the variety can only be sold under the name of “Lightning”.  
Notice of the release and deposition in seed repositories
A variety release for DH130910 will be submitted to the Journal of Plant Registrations and seed will be deposited with USDA collections, as required for such releases.  
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