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Introduction

T

he key ingredients of craft beer
are malted barley, hops, yeast and
water. There are over 300 licensed
breweries in Washington and every
time someone sits down to enjoy a beer from
one of these establishments they are relying on
the production of barley. While there is a very
good chance the hops have been sourced from
Washington (Turner et al. 2011), until recently
options for sourcing local and organic malt were
very limited.
The malting and brewing industry is highly
consolidated, with 10 companies controlling
over 50% percent of the global malting market
(Punda and Prikhodko 2009; Huvet 2014). In the
United States most malting barley production
occurs in North Dakota, Montana and Idaho, and
breweries typically source malted barley from

Organic barley F3 breeding lines, planted as
headrows, being evaluated for resistance to disease
and general agronomic performance in 2014 at WSU
Mount Vernon. (Figure 3)
Photo credit Brook Brouwer

large North American and European malting
companies. This is changing, however.
In the United States more than 30 craft
malthouses have opened in the past 15 years
aiming to meet demand for unique locally
produced grains (Thomas 2013; Frank and
Meltzer 2014; Stayton 2014; Rowe 2015). In
Washington the establishment of craft maltsters,
including Skagit Valley Malting, is creating
opportunity for barley growers interested in
marketing to local breweries and is creating
opportunity for brewers and distillers interested
in sourcing local grain.

B

arley is grown on more than 6,000 acres in
western Washington where it is commonly
used as a rotation with high value vegetable
crops (USDA NASS 2012). While organic barley
is an important livestock feed, particularly for
dairies, production of barley for malting gives
growers another option to add value to local
grain production. In order to produce beer from
locally grown barley, the barley must be malted.
In the malting process grains are soaked,
germinated, and dried. Key transformations
that occur in the barley kernel during malting
include degradation of structural components
(such as beta-glucan), synthesis of starch
degrading enzymes (primarily alpha and beta
amylase) which convert starch to sugar during
the mashing stage of brewing, and the release
of amino acids which support yeast growth
during fermentation (Briggs 1998). The drying
or kilning stage of malting stabilizes the malted
grain for storage and can be manipulated to alter
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Methods

flavor and color contributions.

Yield
(lbs/
acre)

Heading

Height
(in)

Lodging
(%)

Powdery
Mildew
(%)

Leaf
Rust
(%)

4791 a

166 ab

27 cd

1a

0e

37 cd

During the 2013 and 2014 seasons 12 barley varieties were grown in
a randomized complete block design with three replicates. Entries
included eight widely accepted malting varieties (Harrington,
AC Metcalfe, CDC Copeland, CDC Meredith, Hockett, Newdale,
Bentley and Full Pint), two locally adapted feed varieties
(‘Baronesse’ and ‘Bob’), and two Washington State University
(WSU) breeding lines (2004NZ151, subsequently released as
‘Richard,’ and 2004NZ170). Plots were 12 ft x 4 ft and seed was
planted in seven rows on six in centers at a rate of 120 lbs/acre using
a modified Allis-Chalmers planting tractor. The field was fertilized
with Proganic (8-2-4) at a rate of 70 lbs of N/acre prior to planting.
Plots were harvested using a Winterstieger plot combine and grain
was cleaned by wind machine prior to measuring yield and grain
quality. During the growing season, severity of barley leaf rust and
powdery mildew were rated as a percentage of leaf area. Agronomic
traits including days to heading, plant height and percent lodging
were also evaluated. Quality factors including grain protein, test
weight, kernel plumpness (% >6/64 in), Falling number (seconds)
and germination were measured after harvest. The falling number
indirectly measures alpha amylase which is produced during
germination; if a sample has a falling number below 220 seconds it
is likely that preharvest sprouting has occurred (Tordenmalm et al.
2004; Schwarz et al. 2004).

4186 abc

166 a

24 d

15 a

13 cd

48 bc

AC_Metcalfe

3868 abc

162 bcd

35 ab

17 a

15 bcd

86 a

Results and Discussion

Baronesse

4495 ab

163 abcd

32 bc

2a

17 bcd

42 bc

Bentley

3519 bc

164 abcd

37 ab

3a

17 bcd

73 ab

Bob

4452 ab

164 abcd

33 b

30 a

26 b

38 c

CDC_Copeland

4110 abc

165 abc

39 a

28 a

18 bc

86 a

CDC_Meredith
Full_Pint

3762 abc
3312 c

164 abc
164 abcd

33 b
24 d

29 a
0a

20 bc
45 a

82 a
5d

Harrington
Hockett

3237 c
3764 abc

163 abcd
161 d

35 ab
33 b

22 a
13 a

5 de
23 bc

93 a
92 a

Newdale

4418 ab

162 cd

33 ab

1a

19 bc

73 ab

Mean
CV

3993
14

164
1

32
1

13
182

18
33

63
26

HSD

1085

3

3

48

12

32

Barley breeders have selected varieties to meet the needs of large
malting and brewing companies including rapid germination and
high levels of starch degrading enzymes necessary for adjunct
brewing. Recently the growth of the craft brewing industry has led
to increased demand for barley varieties with lower protein levels,
and enzyme activity better suited to all malt brewing methods
(Brewers Association 2014).

I

n western Washington the moderate temperatures and high
levels of available moisture in the spring months are ideal
for producing high yields of low protein barley. These growing
conditions are also conducive to foliar diseases such as barley
leaf rust (Puccinia hordei) and powdery mildew (Blumeria graminis).
These diseases can reduce yield as well as the quality of barley. The
fertile growing conditions and ample moisture common in western
Washington can also contribute to lodging. Rain near harvest can
cause preharvest sprouting which can negatively impact malting
quality by reducing germination of the harvested grain.
Variety
Richard
(2004NZ151)
2004NZ170

(Days from
Jan. 1)

Table 1. Mean yield, days to heading, height, lodging, powdery mildew
and leaf rust severity for barley varieties grown in organic trials in Mount
Vernon, WA in 2012 and 2013. Groups with the same letter subscript are
not significantly different based on Tukey’s pairwise comparison (p=0.05).
Honest Significant Difference (HSD) indicates smallest significant difference
between to means.
Identifying malting barley varieties that can meet these challenges
and grow well in organic conditions in western Washington is an
important first step for expanding this potential market. As part of
a larger study looking at the performance of malting barley at four
locations in western Washington, malting barley varieties were
grown in a certified organic field at WSU Mount Vernon (Brouwer
2015). In addition to variety trials, a breeding program was initiated
in 2012 with the goal of selecting varieties with unique malting
quality characteristics suited to organic production.

Significant differences between varieties were identified for key
agronomic traits shown in Table 1. Over the two years of the study
‘Richard’ was the highest yielding variety with a mean yield of
4791 lbs per acre, which was significantly greater than ‘Bentley,’
‘Full Pint,’ and ‘Harrington’. ‘Richard’ has been released by WSU
based on its performance in western Washington and foundation
seed will be available spring 2016. Plant height was significantly
different between varieties, with the semi-dwarf varieties ‘Full
Pint,’ ‘2004NZ170,’ and ‘Richard’ being the shortest. Semi-dwarf
cultivars can be more resistant to lodging, however some organic
growers prefer taller varieties to help shade out weeds. Lodging
ranged from 0% for ‘Full Pint’ to 30% for ‘Bob,’ but differences were
not significant, indicating the importance of local environmental
conditions in causing lodging. Varieties with disease resistance
are particularly important for organic growers who don’t have
access to chemical fungicides. ‘Full Pint’ had significantly lower
leaf rust severity than all other varieties except ‘Richard.’ ‘Richard’
had significantly lower powdery mildew severity than all other
varieties except ‘Harrington.’
There were also significant differences between varieties for
germination and falling number, though varieties evaluated were
not significantly different for protein, test weight, or plump kernels
as shown in Table 2. ‘Full Pint’ had the lowest percent germination
(78%) which was significantly lower than ‘Newdale,’ ‘Richard,’
‘Baronesse,’ ‘2004NZ170,’ ‘Bentley,’ ‘Bob,’ CDC ‘Copeland’ and
‘Hockett.’ ‘Full Pint’ also had the lowest falling number indicating
that pre-harvest sprouting was responsible for reducing the
germination of this variety. Susceptibility to pre-harvest sprouting
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has been found to be linked to high levels of starch degrading
enzymes typical of standard malting varieties (Ullrich et al. 2009;
Castro et al. 2010; Jin et al. 2011; Edney et al. 2013). Varieties that
balance malting quality with resistance to pre-harvest sprouting
will be particularly important for malting barley production in
western Washington. Pilot malt testing of ‘Richard’ by Skagit
Valley Malting has demonstrated that this variety has considerable
potential for craft malt even though it was originally rejected by
the industrial malting industry (Brouwer 2015).

I

n parallel to these variety trials a breeding program was initiated
in 2012 to select barley specifically for organic production in
western Washington. A total of 56 successful crosses were made
between 2012 and 2013 using North American and European feed
and malting varieties as well as novel and/or disease resistant
germplasm as parent lines. F2 seed was produced in the greenhouse
and all subsequent selections were conducted in certified organic
field trials at WSU Mount Vernon. Populations were evaluated for
days to heading, resistance to leaf rust, stripe rust, and powdery
mildew as well as lodging. In 2013 a total of 35 F2 populations
were evaluated in the field and 16 populations were advanced, 50
heads were randomly collected from each bulk F2 population. In
spring 2014, 768 F3 head-rows were planted and 40 selections
were advanced to trials in 2015 . Of these F4 lines 19 were selected
for continued evaluation based on general agronomic appearance,
disease resistance and novel pedigree. This is an ongoing breeding
program and feed back from brewers, maltsters, distillers and
growers continues to guide the selection process.

Conclusion
Growers interested in producing organic malting barley should
pay special attention to identifying varieties with excellent
resistance to foliar pathogens, and yield potential under low input
conditions. Important grain quality parameters include large
kernel size, moderate to low protein content, and resistance to preProtein
(%)

Test Weight
(lbs/bu)

Plump
(%>6/64”)

Germination
(%)

Falling
Number (sec)

10.1 a

47.6 a

85 a

99 a

282 ab

10.9 a

46.6 a

78 a

98 ab

297 ab

AC_Metcalfe
Baronesse

11.1 a
10.4 a

46 a
48.9 a

78 a
88 a

81 c
98 a

173 ab
369 a

Bentley
Bob

11 a
10 a

43.8 a
49.4 a

81 a
82 a

95 ab
97 ab

206 ab
282 ab

CDC_Copeland
CDC_Meredith
Full_Pint

11.3 a
11.2 a
11.8 a

45.2 a
44.1 a
46.1 a

76 a
77 a
86 a

92 ab
89 abc
78 c

210 ab
210 ab
142 b

Harrington

11.8 a

43 a

69 a

87 bc

170 ab

Hockett

10.2 a

46.6 a

82 a

98 ab

273 ab

Newdale

10.7 a

46.8 a

81 a

99 a

264 ab

Mean
CV

10.9
26

46.2
8.3

80
22

93
6

240
45

HSD

8

14.8

35

11

219

Variety
Richard
(2004NZ151)
2004NZ170

Table 2. Mean protein, test weight, plump kernels, germination and falling number
for barley varieties grown in organic trials in Mount Vernon, WA in 2012 and
2013. Groups with the same letter subscript are not significantly different based
on Tukey’s pairwise comparison (p=0.05). Honest Significant Difference (HSD)
indicates smallest significant difference between to means.
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harvest sprouting. Growers may also need to work directly with a
maltster to confirm that they have the capacity and interest to malt
novel, locally-adapted varieties. Place-based plant breeding that
engages producers, processors and other end-users in the process
of identifying priorities and making selections has the potential to
play an important role in strengthening local agriculture (Brouwer
et al. 2015). Through a combination of variety evaluation and
breeding work options for organic barley growers interested in
producing malting barley are becoming increasingly available.
Brook Brouwer completed his PhD research in Crop Science at WSU under
the direction of Stephen Jones in August 2015 and is currently working as a research associate with the Organic Seed Alliance based in Port Townsend, WA.
Stephen Jones is a Professor in the Department of Crop Science at Washington
State University, and director of the Bread Lab.
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Additional Resources

thebreadlab.wsu.edu/western-washington-variety-trials/
barleyworld.org/
www.craftmalting.com/
www.cmbtc.com/CMBTC_Site/Home.html
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