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Introduction  

The following is a brief introduction to barley, malting, various aspects surrounding the 

cultivation of barley, a historical perspective of winter barley for malting purposes, and how all 

of this fits into Ohio agriculture. At the end are tables with data showing malting quality of 

several barley cultivars and modern breeding lines when grown in Ohio.  

  

One or more paragraphs are devoted to each topic, and these include:   

  

Malting Two row and six row character Malting barley Winter vs. spring barley Winter 

malting barley, a brief history Barley cultivation in Ohio Malting barley in Ohio  

  

Greater understanding of freezing tolerance and winter hardiness at the molecular-genetic 

level are active areas of research in the Stockinger lab. As such, these topics are presented in 

greater detail on the Research page.  

  

Malting  

Malting is a process in which seed is germinated and then germination is stopped by kilning. 

Depending on the length of germination time the emerging root may or may not become visible 

at the time germination is stopped. Now referred to as malt the seed is for the most part no longer 

viable and capable of producing a plant. Biochemically it is still very much alive because 

enzymes that convert insoluble storage forms of proteins and carbohydrates to soluble forms 

remain intact if the kilning process is carried out at relatively low temperatures. Germination 

actually initiates these processes. Normally the usable forms would serve as nutrition for the 

seedling and would be metabolized when the plant is establishing itself before it produces its first 

set of true leaves. In the brewing process the usable forms are consumed by yeast. Detailed 

reference works available on malts and malting written by experts in the UK, Germany, and the 

U.S. include: (Briggs and Hough, 1981; Kunze and Wainwright, 1996; Briggs, 1998; Bamforth 

and American Society of Brewing Chemists., 2006).  

  

Two row and six row  

Row number refers to the organization of the seed on the rachis. Two row types have two rows 

of main florets that run up opposite sides of the rachis, which are fertile and produce seed. Each 

of these main florets has two axillary (side branch) florets. The axillary florets are infertile in two 

row types and fertile in six row types, and as a result produce seed. Two row types are believed 

to be the ancestral form in cultivated barley because barley’s closest wild relative, Hordeum 

spontaneum has the two row character. Mutation in a single gene called the six-rowed spike1 

gene, Vrs1, causes two row types to become six row types. Different naturally-occurring 

mutations of the Vrs1 gene exist and studies show that each arose independently in 

geographically distinct regions of the world during the domestication of barley, data which 

supports the notion that the six-row trait was favored by humans (Komatsuda et al., 2007). The 

six row character increases by four-fold the number of seed per head, a seemingly obvious means 

to increase yield. Importantly, row number affects many aspects of the malting and brewing 

processes and as such the desired end-product specifications will dictate what row type is used.   
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Malting barley  

Barley cultivars tremendously differ from one another in their suitability for malting. Modern 

cultivars grown in the U.S. must meet stringent criteria of the American Malting Barley 

Association (AMBA; http://www.ambainc.org/). Key criteria by which malting quality is 

evaluated include the protein content of the grain, the ratio of soluble protein to total protein, the 

Diastatic Power (DP) – a measure of the enzymatic activity of the grain capable of converting 

starch to soluble carbohydrates, the percent of fermentable sugars extractable from the malt, and 

the levels of glucans – a cell wall carbohydrate that impedes both the malting and the brewing 

processes. Some of these traits can be managed by cultivation practices but for the most part 

genetics determines suitability for malting. Feed barleys are generally unsuitable for malting 

because they are at the opposite end of the trait spectrum relative to malting barleys – 

particularly barleys bred to be feed barleys. A list of barley cultivars recommended for malting 

by AMBA can be found on their website (http://www.ambainc.org/) under “Know Your Malting 

Barley Varieties.”  

  

Winter vs. spring barley  

Barley cultivars used for malting and brewing are typically spring types (Fischbeck, 2003). In 

terms of cultivation, the main difference between these two types is that spring types are sown in 

spring and mature the grain crop that autumn, while winter types are sown in the autumn and 

mature their grain crop the following spring. In practical terms winter types are not 

recommended for spring-sowing because they typically won’t flower and produce grain that 

same season while spring types are not recommended for autumn-sowing because they lack 

winter hardiness and generally won’t survive winters in temperate climate regions such as Ohio. 

A third type of barley is the facultative type which is capable of surviving winter if autumn-sown 

and also flowering and producing a crop if spring-sown. Essentially they behave like a winter 

type if autumn-sown and like a spring type if spring-sown. The facultative designation is in part 

more recent and is the result of refined genetic analyses and a greater understanding of the 

flowering and winter hardiness traits (von Zitzewitz et al., 2005). In the U.S., spring malting 

barleys are grown in the upper tier of states from Minnesota westward to Washington State. 

Many of these modern U.S. barley malting cultivars have genetic roots that trace to Central 

Europe and lines selected in the Bohemia and Moravia (Haná) regions of the Czech Republic 

(Fischbeck, 2003).  

  

Winter malting barley, a brief history  

While the use of winter barleys for malting and brewing is not standard practice in most parts of 

the world there has nonetheless long been a desire to develop winter barleys suitable for these 

processes. One reason for this is because winter types are capable of returning yields 40% greater 

than that of their spring counterparts. Due to an extended vegetative growth phase winter types 

amass greater biomass and produce more tillers (secondary stems) prior to flower initiation 

leading to increased flower numbers, increased kernel numbers per spike, and increased kernel 

weight (Pinthus, 1967; Stoskopf et al., 1974). Other reasons to develop winter barleys for 

malting purposes that are particularly relevant today include increased demand and decreased 
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supplies; the latter due in part to disease pressures non-existent a few years ago (Osborne and 

Stein, 2007), and concerns about increasing incidence of crop failures due to climate change 

factors (BBC and Reuters News Reports). Having winter barleys that are of high malting quality 

will stabilize market supply and provide flexibility in processing for end use. In Ohio it would 

also provide a source of locally-grown barley for the continuously expanding microbrewery 

industry.  

  

Emphasis on having winter barleys that possess high malting qualities in part traces to the work 

of the Austrian geneticist and plant breeder Dr. Erich von Tschermak-Seysenegg, who developed 

early-maturing, winter hardy two-row barley during the early part of the 20th 

century(TschermakSeysenegg, 1932). Through crossing of two row spring barley types from the 

Haná region to winter-hardy two row and six row barleys, and subsequent backcrossing to the 

two row winter types, Tschermak developed a two-row barley which was extremely winter 

hardy, more lodging resistant because of shorter stems, and a protein content of 8 – 10% – a 

property more in line with the Haná spring barleys than with the other winter barleys. 

Tschermak’s two row winter barley subsequently received 2nd place out of 307 entries submitted 

to an Austrian Brew Barley exhibition, and appears to be the only winter barley submitted 

(Tschermak-Seysenegg, 1932).  

  

In 1933 Dr. G.D.H. Bell at the Plant Breeding Institute in Cambridge England crossed  

Tschermak’s two row winter barley to 'Spratt-Archer', then one of the two most important spring 

malting barleys in the United Kingdom, and this led to 'Pioneer' (Bell, 1944). 'Pioneer' was a 

significant advancement because it possessed high malting quality character traits in a winter 

background, but more notable was the progeny from the cross of 'Pioneer' to another spring type, 

'Proctor' (itself an elite malting type of spring barley with genetic roots tracing to landraces in the 

U.K., Scandinavia, and the Haná region) that led to 'Maris Otter', a winter barley having superior 

malting qualities. 'Maris Otter' was first described in 1965 by the National Institute of 

Agricultural Botany (NIAB) and recommended the following year for cultivation in the UK 

(National Institute of Agricultural Botany, 1965). The UK continues to develop winter barleys 

having higher yield capacity and more suited for modern malting purposes; and the cereals and 

oilseeds division of the Agriculture and Horticulture Development Board annually publishes a 

listing of cultivars recommended for the UK. Nonetheless, 'Maris Otter' is still preferred by many 

brewers, and to date has been the most successful winter barley for malting purposes.  

  

In the U.S. Midwest efforts to produce winter barleys suitable for malting were carried out by  

Dr. John M. Poehlman, a barley and wheat breeder at the University of Missouri. In 1961 

Poehlman redirected the efforts of his barley breeding program from one in which development 

of winter-hardy six-row winter feed barley was the primary driver, to one in which development 

of winter-hardy, two-row malting-quality barley was the driver (Poehlman and Cloninger, 1955). 

This redirection was the result of an expressed interest in the development of two-row 

maltingquality winter barley by Anheuser-Bush Inc. At that time Poehlman’s program had 

already had tremendous success in the development of winter-hardy six-row feed barleys that 

could be reliably-grown in the area north of Columbia Missouri (Poehlman, 1952; Poehlman and 

Cloninger, 1955; Lambert, 1958).  
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In 1961 and 1962 Poehlman screened 71 two-row European winter barley accessions for their 

maturity date and their winter hardiness. Included in those trials were Tschermak’s two row 

winter barley, 'Pioneer', and 'Carstens'. 'Pioneer' was eliminated because it was too late in 

maturity to make it agronomically viable for the region. Of the remaining 70 accessions only 

Tschermak’s and 'Carstens' approached Poehlman’s six-rows in their winter hardiness, 

nonetheless his six-rows still exhibited superior winter hardiness (Duelos et al., 1970). Because 

winter hardiness was (and remains) a critical component of winter barley cultivation in the 

Midwest Poehlman crossed Tschermak’s and 'Carstens' to his six rows, eventually leading to 

advanced selections exhibiting promising malting-quality characteristics that also possessed 

winter hardiness levels approaching the six rows (Poehlman et al., 1973). These were increased 

for commercial malting trial evaluations scheduled for 1976 (Poehlman et al., 1973). Although 

the lines appear to not have made it into commercial production, they represent an early 

concerted effort between U.S. public and private sectors to develop two-row malting-quality 

winter barley. The barley lines Poehlman worked with and created through his breeding program 

have recently become a focus of research in the Stockinger lab because they exhibit a wide 

spectrum of copy number variation for genes affecting freezing tolerance and winter hardiness. 

This topic is addressed in more detail under the Research page.  

  

The first winter barley in the U.S. deemed suitable for malting by AMBA is the two row cultivar  

'Charles', released by Dr. Don E. Obert, who was at the USDA in Aberdeen Idaho (Obert et al.,  

2006). Obert subsequently released 'Endeavor', another two-row winter malting barley cultivar 

(Obert et al., 2009). 'Charles' and 'Endeavor' have a moderate level of winter hardiness compared 

to other winter barleys (Obert et al., 2006; Obert et al., 2009). 'Charles' and 'Endeavor' are 

available from Idaho Foundation Seed Program (http://www.kimberly.uidaho.edu/fsp/).  

  

Public breeding programs in the U.S. that are currently working to develop superior malting 

quality winter barleys include those of Drs. Patrick M. Hayes at Oregon State University 

(http://barleyworld.org/), Gongshe Hu, at the USDA in Aberdeen Idaho, and Kevin P. Smith at 

the University of Minnesota.   

  

Barley cultivation in Ohio  

Agricultural statistics records indicate that in 1871 barley was planted on 81,000 acres in Ohio, 

producing approximately two million bushels total. Today the number of acres is down to 5000 – 

6000 with an average yield of 72 bushels per acre (360,000 – 432,000 bushels total production). 

The barley cultivated is a six row feed winter barley. Spring barleys have not been recommended 

for Ohio as conditions early in the spring are erratic leading to unpredictable and generally poor 

yields (Beuerlein et al., 2005). Winter barley is ideally planted by the second week of October 

and after the Hessian fly-safe date, which is usually the last week of September. Planting after 

Hessian fly-safe date also reduces the incidence of the aphid-transmitted barley dwarf yellow 

virus because aphid populations significantly decrease after the Hessian fly-safe date (Paul and 

Hammond, 2010).   
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One notable Ohio winter barley cultivar is 'Dayton', released in 1955 (Ray, 1968). 'Dayton' was 

selected based on performance under Ohio conditions from a mixture in which multiple parents 

were crossed to one another (Ray, 1969). It continued to be recommended for cultivation in Ohio 

until 1968 when it was superseded by 'Harrison', a cultivar more winter-hardy and more disease 

resistant than 'Dayton' that was developed by Purdue University (Caldwell et al., 1966). The last 

barley release by the Ohio State University was 'Ray' (Lafever, 1988). 'Ray' has 'Dayton' as one 

of its parents; it matures slightly later than 'Dayton', and is notable for very high yield under  

Ohio conditions and excellent lodging resistance. It was developed by the late Dr. Dale A. Ray, 

the oat and barley breeder at OSU 1956 – 1981. An active barley breeding program has not been 

in existence since Ray’s retirement. Currently the only barley cultivar available that meets the 

requirements of the Ohio Seed Improvement Organization (http://www.ohseed.org/) standards as 

Ohio Certified Seed is the six row feed cultivar 'Thoroughbred' developed by the Virginia 

Agricultural Experiment Station (Brooks et al., 2005).  

  

Malting barley in Ohio  

In the 2008–2009 growing season we began cultivation of malting type barleys at the OARDC. 

These were selections being developed by Dr. Patrick M. Hayes at Oregon State University. The 

objective was to assess their winter hardiness and malting quality when grown under Ohio 

conditions. Included was Oregon lines OR 73, OR 74, OR 75, OR76, OR 77, OR 78, and OR 81. 

Also included was 'Pipkin', an offspring of 'Maris Otter' (Stockinger, 2011).  

  

  

  



 

Tracking barley at the OARDC Shafter Farm 2008 – 2009  
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Winter hardiness was not an issue the 2008–2009 growing season as all lines exhibited 100% 

winter survival. The results from the first malting evaluation were also very promising. Protein 

levels of all barley lines were very low, ranging 9.4 – 10.6% (Table 1). These low protein levels 

are attributed to plentiful moisture during grain filling. Overall, OR 81 is most notable for its 

high diastatic power (DP) and very low beta-glucan levels. It has subsequently been released as 

'Maja'. Additional malting quality data for 'Maja' (OR 81) can be found through the Barley 

World web site (http://barleyworld.org/) by following the link through Breeding and Genetics, 

then the link through Malting variety development. Certified seed of 'Maja' is available from 

AgriSource in Burley Idaho.  
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Table 1. Malting quality data for winter barleys grown 2008–2009 on the OARDC 

Schafter Farm, Wooster Ohio   

 

  
'For Wort Clarity - 1 = clear, 2 = slightly hazy, 3 = hazy; Wort Colors were not determined (n.d.) on hazy samples  

  

Malting quality traits evaluated are listed at the top of each column. Blue text in bold identifies 

values below a minimum AMBA threshold standard for quality, and green text in bold 

identifies values above a maximum AMBA quantity standard. 
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In the 2010–2011 growing season the number of barley accessions grown at the OARDC and 

evaluated for their malting quality was expanded to approximately 50. Included were additional 

advanced malting type breeding lines from the Oregon State University Breeding program, U.S. 

and U.K. winter malting cultivars, other modern European breeding lines (NT), and the two row 

winter barleys developed by Poehlman (MO B). Following harvest samples of each were sent to 

the USDA malting quality lab in Madison WI for malting quality evaluation.   

  

The data from the 2010–2011 Ohio-grown material is consistent with results from the 2008– 

2009 growing season, indicating that the Oregon lines and the Idaho lines maintain their high 

malting quality when grown in Ohio. In terms of overall malting quality (rightmost column 

Tables 2 and 3) 'Maja' ranks #1 (Table 3), 'Endeavor' ranks #2 (Table 2), and 'Charles' ranks #3 

(Table 2). The U.K. cultivars 'Halcyon' and 'Pipkin' have a much lower ranking due largely to 

low diastatic power and high β-glucan levels (Table 2). However, the β-glucan levels from the 

2010–2011 growing season are much higher than those from the 2008–2009 season for 'Pipkin' 

and the other lines grown both years (compare Table 1 to Tables 2 and 3). Poehlman’s lines also 

have a relatively low ranking in large part as a result of high protein levels and very high 

βglucan levels (Table 3).  

  



 

Table 2. Malting quality data for two-row winter barleys grown 2010–2011 on the OARDC Schafter Farm, Wooster Ohio  

  

  
For Wort Clarity - 1 = clear, 2 = slightly hazy, 3 = hazy; Wort Color was not determined (n.d.) on hazy samples  
Data flagged by an asterisk exceed the mean by +/- 3 standard deviations and are excluded from statistics  

  

Malting quality traits evaluated are listed at the top of each column. Blue text in bold identifies values below a minimum AMBA threshold 

standard for quality, and green text in bold identifies values above a maximum AMBA quantity standard.  
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Table 3. Malting quality data for six-row winter barleys grown 2010–2011 on the OARDC Schafter Farm, Wooster Ohio  

  

  
For Wort Clarity - 1 = clear, 2 = slightly hazy, 3 = hazy; Wort Colors were not determined (n.d.) on hazy samples  

  

Malting quality traits evaluated are listed at the top of each column. Blue text in bold identifies values below a minimum AMBA threshold standard 

for quality, and green text in bold identifies values above a maximum AMBA quantity standard.  
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In the Wooster Shafter farm fields U.K. cultivars 'Halcyon' and 'Pipkin' matured about two weeks 

later than 'Endeavor' and 'Charles' and most Oregon lines. Incidence of fusarium head blight 

tended to be higher on the six row types than on the two row types a trait determined by 

measuring deoxynivalenol (DON) levels (data available upon request). Anecdotal observations 

suggest 'Endeavor' has a better stature in the field than 'Charles', and is less affected by diseases.  

  

Conclusions and prospects  

Winter barleys developed in Oregon and Idaho and bred to have high malting quality characters 

meeting AMBA quality standards maintain their high malting quality when grown in Ohio. In 

essence it should be feasible to produce high quality malt suitable for brewing from Ohio-grown 

barley using these cultivars and appropriate management practices. Certified seed of 'Maja' is 

available from AgriSource in Burley Idaho. Enquiries should be directed to Mike Allen, 

Agriosource. mallen@AgriSourceinc.com. Foundation seed of 'Endeavor' and 'Charles' is 

available from the Idaho Foundation Seed Program (http://www.kimberly.uidaho.edu/fsp/). 

Enquiries should be directed to Kathy Stewart-Williams, Idaho Foundation Seed Program 

(williams@kimberly.uidaho.edu). Any of the OR lines not available as released cultivars but 

which meet desired malting and brewing specifications may be obtained through Material 

Transfer Agreements with the breeder at Oregon State University, Patrick M. Hayes.  

  

The U.K. malting barley cultivars having a classic place in brewing history ranked much lower 

relative to these U.S. cultivars. While the Diastatic Power and alpha amylase levels are 

acceptable for all malt beers, there is a potential for high β-glucan levels from these cultivars. 

Malting and mashing programs designed to reduce levels to acceptable thresholds would be 

required. Nonetheless β-glucan levels are heavily-influenced by the environment as observed 

here, and by others (Hang et al., 2007; Griffey et al., 2010), and as such this should not be a 

deterrent for individuals wanting to experiment with these lines.  
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