
Identifying and Developing Improved Spring Barley Varieties for Montana 

Spring Barley is an important crop in Montana. At first, barley was primarily grown as an animal 
feed, but more recently malt barley has dominated the state.  Barley is an important part of 
crop rotation in Montana, rotating with sugar beets, wheat and more recently pulse crops.  
Growers need stable markets for barley, although in recent years barley markets have been 
anything but stable with increased contracts one year followed by cut contracts the next.   The 
climate is also mirroring that lack of stability, from record production in 2016 to drought and 
crop failure in 2017, to delayed planting and harvest in 2018 and 2019 with fall rains causing 
pre-harvest sprout damage.   Growers need crops that will perform in a changing environment.  
The MSU Spring Barley breeding program is working to address these concerns.  An important 
goal of the MSU program is to develop barley that is suitable for new markets providing more 
opportunities for the growers of Montana. We are developing lines with unique malting 
attributes so that Montana growers can tap into the craft brewing market.  Craft brewers are 
also interested in Montana made from Grower to Glass, which is feasible with the development 
of the Montana craft malt industry. Malt barley is an example of a value-added market for 
Montana, where Montanan’s can benefit from all steps of the supply chain.  Growers not only 
garner higher revenue by selling grain for malt, but some are also malting their own barley, 
adding value to their crop. We are breeding barley for other high value markets, including 
organic food barley with improved nutritional value and highly digestible forage barley for 
livestock feed. Breeding barley to perform in an ever-changing environment is another goal for 
the program.   We are working to make barley more resilient to heat, drought, acid soils, 
untimely rains as well as several diseases and pests.   The MSU Barley breeding program’s 
primary goal is to provide varieties that will be of economic benefit to Montana Growers.   
 
 
Objectives for 2019 

Continue the barley breeding pipeline 

Table 1 indicates breeding goals of crosses made 2015-2019.  We have started incorporating 
crosses from 2015 back into the germplasm.   Traits we are interested in improving are yield 
and quality stability through extended grain-fill and shorter stature. We are also making crosses 
to improve resistance to abiotic and biotic stress, including drought tolerance, acid tolerance 
and tolerance to FHB.  For forages, we will increase biomass through later heading and taller 
stature as well as increasing feed efficiency through improved digestibility. Our food and feed 
breeding goals include improving nutrition through protein, beta glucans and anthocyanins.   



 

Table 1: Crosses made in the 
MSU barley breeding program 

Test most advanced crosses  

The barley breeding pipeline is 
fully formed and we have new 
material at every stage.  The 
Tables 2-10 report agronomic 
data from the Intrastate nursery 
2019.  We lost the two SARC 
nurseries due to hail.  

Interestingly, new Montana lines are some of the highest yielding lines across all locations 
probably due to stay green genes. Montana lines also have low protein and high plumps under 
dryland conditions.     Tables 11 – 13 report malt quality data from 3 intrastate nurseries.  Blue 
color indicates lines with adjunct malt quality, yellow indicates lines with craft malt quality and 
rust indicates lines with unacceptable quality at that location.   Tables 14-15 report data from 
the early yield trials and Table 16 reports malt quality data for one location of the EYT.  We also 
have agronomic and quality data on over 200 lines from a preliminary yield trial (not shown). 

We are working to reduce the impact of factors limiting barley production in Montana as 
follows:  
Heat and drought: Extended grain-fill lines are reported to be drought and heat resistant, 
storing more starch in drought conditions than regular grain-fill lines, reducing percent protein, 
a quality advantage for malting barley.  These lines also seem to have different root 
development that can provide tolerance to drought.  

Acid tolerance: Low soil pH is a limiting factor in central and eastern Montana.  Barley has 
stunted growth under low pH conditions.  We have acquired germplasm noted to be acid 
tolerant.  We tested Montana lines for acid tolerance in 2019.  Differences in root development 
could provide a new source of acid resistance.     

Pre-harvest Sprouting: In 2014 and 2019 rains during harvest caused some barley to sprout, 
reducing quality.  We are testing lines for dormancy at harvest, and speed of germination 
during malting.  We have found these two important traits are at least somewhat under 
separate genetic control.  If so, we can breed a line that is dormant at harvest, benefiting 
growers; but also germinates quickly once dormancy is broken, benefiting maltsters. 

Harvest Damage:  Although most of the barley grown in the state has a hull that tightly adheres 
to the kernel, varieties that are free-threshing can be grown for feed and food.  In fact, free 
threshing barley is preferred as pig feed.  However, free-threshing varieties are more sensitive 



to damage of the embryo during harvest, which can reduce germination when growing for 
seed.  Genetics as well as cultural practices can help with embryo damage. 

Biotic stress: Although biotic stress is relatively low in Montana, there are some potential 
threats we are anticipating in case they become a significant economic liability.  New gene 
combinations are being created for resistance to Fusarium head blight (FHB or scab), the spot 
form of net blotch, bacterial leaf spot, stripe rust, root lesion nematodes and the wheat stem 
sawfly. We will continue these efforts in collaboration with other investigators and monitor for 
potential threats and solutions to include in the program. 

New gene combinations to improve yield is a constant goal because growers are paid by the 
amount they produce.  However, quality must also be improved, and stabilized so that growers 
can make a sale.   The MWBC was important in the establishment of the MSU Malt Quality Lab.  
One of the justifications for the lab is that it would provide more malt quality data points for 
the breeding program.  These data points allow us to test malt quality in more environments 
allowing us to test for malt stability.  They also allow us to test at an earlier generation through 
methodology we have established, allowing us to improve malt quality more efficiently.   No 
other breeding program in the country is taking advantage of malt data points in this way.  
Providing our own malting and testing has enabled us to better understand the requirements of 
a high-quality malt variety.  Other breeding goals include adaptation to dryland grain 
production, increased forage biomass, improved forage digestibility, and improved human food 
nutrition.  The ultimate goal is to support and increase markets for barley in Montana. 

Several graduate student projects involve identifying new genes to improve barley.  The over-
arching goal of these projects is to better understand the genetic control over malt quality, 
forage quality, and drought tolerance.  This understanding will be directly applied to improve 
barley for Montana.  Importantly, we now have genotyping data for the drought tolerant 
population and malt quality population and are in the process of making marker trait 
associations.   

Montana State University Barley Breeding Program’s primary mission is to develop new lines 
that ensure an adequate supply of high-quality malting, feed, forage and food barley, providing 
growers and the state with important income.  Our primary objective is to enhance barley 
competitiveness by increasing yield and yield stability and reducing risk to growers by 
improving quality stability.  Another objective of the program is to identify, develop and utilize 
new traits in released varieties that will provide an economic advantage to growers or end-
users. Finally by providing lines with new end-uses we hope to provide new markets for 
Montana Growers. 
 



 

Table 2: Intrastate Agronomic 



 

Table 3: Intrastate Agronomic 



 

Table 4: Intrastate Agronomic 



 

Table 5: Intrastate Agronomic 



 

Table 6: Intrastate Agronomic 



 

Table 7: Intrastate Agronomic 



 

Table 8: Intrastate Agronomic 



 

Table 9: Intrastate  Agronomic 



 

Table 10: Intrastate Agronomic 



 

Table 11: Intrastate Quality 



 

Table 12: Intrastate Quality 



 

Table 13: Intrastate Quality 



 

Table 14: Early Yield Trial Agronomic 



Table 15: Early Yield Trial Agronomic 



 

Table 16: Early Yield Trial Quality 



2019 Barley, Malt & Brewing Quality Lab work summary: 

Research: 

Completed analysis for the MSU breeding program: 

2018 AMBA – 16 Micro samples 

2018 128.148 – 192 Micro samples 

2018 Offstation – 148 Micro samples 

Glycosidic Nitrile – 96 Micro samples malted (testing @ Hartwick) 

2018 Sulphur – 200 Micro samples 

Post Farm and MBA Wort tastings – 74 Micro samples 

Pico Method Publication – 96 Micro samples, 96 Pico samples 

2019 Fertility – 85 Micro samples 

2019 Intrastate – 160 Micro samples 

2019 PYT – 192 Micro samples 

Collaborative Research: 

B-Glucan – USDA collaboration – published in the Journal of American Society of Brewing Chemists 2019 

Effect of Steeping Regime on Barley Malt Quality and Its Impacts on Breeding Program Selection 

Glycosidic Nitrile – Hartwick College: Research pending publication 

Publications:  

Optimization of Pico Malting for improved barley breeding 

Data generation complete, writing in process. 

Outreach: 

Tours given: 22 

This includes a handful of maltsters during tours of the 2019 Craft Malt Conference held here on 
campus,  student programs, news services (YPR & NBC), Bozeman Homebrew club and The Pink Boots 

Totals: 

1311 Micro samples 

96 Pico samples 



Society, stakeholders and potential revenue streams for the state such as Heineken and a group from 
China. 

We are expanding our positive footprint on the industry by offering more educational opportunities 
such as now co-teaching the Advanced Class in Craft Malt Production – a staple program for North 
American Craft Maltsters, hosting the Brewer’s Association’s Basics of Beer Quality workshop, 
developing a two day Malt for Brewers coarse (coming on board summer 2020), and starting to offer 
classes which have the largest reach into the community – required alcohol service training “Your 
Community Matters”. 

Service: 

Active clients: 28 

Clientele include Maltsters, brewers, and peer 
research programs. Clients are both local, 
regional, and international including Canada and 
18 states. In 2019 we have expanded our 
analysis offerings and have brought on beverage 
quality testing. 

Third Party samples tested: 

Malt: 361 samples 

Barley: 31 samples 

Beverage: 11 




