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Connect with Us
You can find our Facebook, Twitter, Instagram, 
and LinkedIn pages from our college home 
page, and we encourage you to follow us on 
all four sites.

Dear Beef Producer,

A brand new edition of the Colorado Beef Research Report 
is finally here! Great beef cattle teaching, research, 
and extension efforts are happening here at Colorado 
State University and we are proud to introduce the first 
volume of The State of Beef. The Colorado beef industry 
remains strong and continues to have an important 
impact on the state’s economy. It is critical for us to 
continue to emphasize the goal of supplying useful and 
timely research information to our clientele. 

In this publication, you will find updates, quick 
summaries, and feature articles highlighting the most 
recent beef cattle research activities at CSU, across 
multiple disciplines – all in a high quality, newly 
designed, and producer friendly package. Thanks to the 
many scientists, staff, and graduate students that care 
deeply about providing beef producers with innovative 
research results that will help drive success in the 
Colorado beef industry.

Colorado beef producers are fortunate to have access 
to several outstanding state organizations that are 

dedicated to helping us deal with emerging production 
issues, policies, improving profitability, and satisfying 
beef consumers. The relationship between CSU and state 
organizations such as Colorado Cattlemen’s Association, 
Colorado Livestock Association, and Colorado Beef 
Council is already evident. However, in 2018, CSU will 
strengthen this established relationship by forming 
a “Beef Systems Partnership” or center of excellence 
on campus. This unique partnership will allow us to 
collectively work toward offering motivated ranchers 
with numerous opportunities to not only advance their 
knowledge but to increase their level of engagement 
with CSU and these state organization partners. More to 
come soon!

Ryan D. Rhoades 
Assistant Professor - Extension Beef Specialist 
Colorado State University

THE STATE  
OF BEEF
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NEWS 
& UPDATES

Highlights

2017 Colorado Beef Producer 
Needs Assessment
Until now, there has never been a comprehensive needs 
assessment in Colorado focused on beef producers. The goal of 
the needs assessment was to determine the opportunities and 
challenges of beef producers in Colorado, so CSU Extension 
and other stakeholders can offer support that is more effective. 
Through collaboration with Colorado Cattlemen’s Association 
(CCA) and Colorado Livestock Association (CLA), the survey was 

sent to 1,840 members directly involved in beef operations. Over 
700 producers completed surveys. Conclusions from the survey 
articulate particular challenges and opportunities for beef 
producers in Colorado. Using this needs assessment as a guide, 
further programming development and educational resources 
are being explored to alleviate some statewide issues for the 
beef industry.

Industry Statistics
Key Colorado Beef Industry Statistics Key Colorado Beef Producer Industry Priorities

745,000 Beef Cows

              13,000 Beef Cattle Producers

2.6 Million Head of Cattle (10th Nationally)

$2.5 Billion  
Gross Income from  
Sale of Cattle

High Priority Needs Facing Colorado Beef 
Production: Business Management (57%); 
Resource Management (55%);  
Risk Management (52%)

High Priority Areas of Needed Support 
from Outside Resources: Methods of 
Managing Market Risk (73%); Developing and 
Implementing Production Strategies (58%)

High Priority Areas Needing Additional 
Education: Marketing Strategies (63%); 
Nutrition and Supplementation (47%); 
Grazing and Weeds (46%)

Key Colorado Beef Producer Demographics Key Colorado Beef Producer Outreach Priorities

Operation Size: Small (<100 head) = 
36%; Medium (101-500) = 46%; Large 
(>500) = 18%

Primary Industry Segment: Seedstock 
= 10%; Commercial Cow-Calf = 74%; 
Stocker = 12%; Feedlot = 4%

Years of Ranching Experience: 
Beginner (>10 yrs.) = 8%; Intermediate 
(11-20 yrs.) = 16%; Experienced  
(>20 yrs.) = 76%

Labor: More than 70% of participants are owner and 
manager of the operation; 80% of operations have less 
than three part-time or full-time employees

Primary Motivation for Ranching: Productivity of Land and 
Animals (33%); Profitability and Enterprise Growth (23%); 
Family Lifestyle and Tradition (20%)

Top Barriers to Success within 
Operation: Financial Situation (cash 
flow or cost of production) (70%); Lack 
of Qualified Employees (44%); Quality 
of Information (42%)

Most Effective Methods of Obtaining New Research 
Information: Field Days and Ranch Demonstrations (67%); 
Seminars and Workshops with Expert Speakers (60%)

36%

46%

18%

16%

76%

8%

RESOURCE 
MANAGEMENT

55%

BUSINESS 
MANAGEMENT

57%

RISK 
MANAGEMENT

52%

NUTRITION AND 
SUPPLEMENTATION

47%

MARKETING 
STRATEGIES

63%

GRAZING AND 
WEEDS

46%

LACK OF 
QUALIFIED 

EMPLOYEES

44%

FINANCIAL 
SITUATION

70%

QUALITY OF 
INFORMATION

42%
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NEWS 
& UPDATES

The Colorado Beef Quality Assurance 
(BQA) program is part of the nationally 
implemented, state coordinated National 
BQA network and is cooperatively funded 
by the Colorado Beef Council (CBC) 
and Colorado State University (CSU) 
Department of Animal Sciences. Colorado 
BQA is guided by an advisory board 
consisting of members from CBC, CSU, 
Colorado Cattlemen’s Association (CCA), 
and Colorado Livestock Association 
(CLA). The program’s ultimate mission 
is to grow consumer confidence in beef 
by focusing Colorado cattle producers’ 
attention on best management practices 
that influence the safety, wholesomeness, 
and quality of beef. 

Currently more than 1,000 Colorado 
cattle producers have earned their BQA 
certification. There are a variety of 
options for earning or renewing a BQA 
certification, including both in-person 
and online trainings. The Colorado BQA 
program boasts a network of more than 
25 certified BQA Trainers throughout 
the state who host BQA Certification 
events across Colorado, providing 
producers convenient, nearby options 
for in-person BQA training. Additionally, 
beginning in February 2017, National 
BQA launched new online BQA training 
modules as a simple approach to earn free 
BQA certification anywhere there is an 
Internet connection. The online modules 
can be done in segments, and take no 
more than two hours to complete. BQA 
Certifications expire after three years, so 
stay current by attending an in-person 
training or earning your certification 

online at www.bqa.org. A list of upcoming 
Colorado BQA trainings can be found at 
www.cobqa.org. 

Additionally, Colorado BQA has had the 
unique opportunity to host National 
Cattlemen’s Beef Association (NCBA) 
Stockmanship and Stewardship Regional 
Tour stops. Over 200 cattle producers 
and students joined us for the inaugural 
event in September 2017 at CSU’s ARDEC 
facilities, learning in-depth stockmanship 
and cattle handling techniques while 
earning their BQA Certifications. The 
program is proud to host this event for 
the second time, on September 21-22, 2018 
on Colorado’s Western Slope. Join us in 
Montrose, Colo., for a “High Country” 
Stockmanship and Stewardship program, 
and gain insight on the nuances of 
stockmanship, stewardship, and BQA in 
the intermountain west.

For more BQA educational materials, 
follow Colorado BQA on Facebook and 
Twitter, or join our mailing list at  

BQA Update

www.cobqa.org to receive quarterly 
program updates. For more information 
on the Colorado BQA program, or to 
schedule a training, contact Colorado 
BQA Coordinator, Libby Bigler, at libby.
bigler@colostate.edu or (970) 491-BEEF 
(2333). 

Colorado is also proud to 
be home to two of the 2017 
National BQA Award winners. 
Congratulations to the following 
outstanding Colorado businesses:

• 2017 National BQA Feedyard of 
the Year – Magnum Feedyard, 
Wiggins, Colo.

• 2017 National BQA Marketer 
of the Year – IMI Global, Castle 
Rock, Colo.
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CLUBS &  
GROUPS

The Department of Animal Science began the year with Ram 
Welcome and introducing our new Animal Science students to 
everything our department has to offer. Our busy fall and spring 
included celebrating Ag Day and the agricultural tradition of 
CSU; the Little National Western show, where students have 
the opportunity to participate in livestock showing; and a 
variety of student tours around the front range, which offered 
our students the opportunity to learn about all sectors of the 
agriculture and livestock industry. We wrapped up the year with 
our Spring Branding event, where we honored outstanding 
students as award winners from our department. Our student 
clubs and teams continue to be a source of pride as excellent 
representatives for the University and department. Some of our 
clubs and teams can be seen on these two pages.

2016-2017 Seedstock Team

2016-2017 Ag Ambassadors

2016-2017 CSU Livestock Association NCBA 2016-2017 Block and Bridle Club
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CLUBS &
GROUPS

2016-2017 Rodeo Team

2016-2017 Animal Welfare Science Club 2016-2017 Meat Judging Team
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Improving Beef Cow Grazing Distribution 
Using GPS and DNA Technology
Courtney Pierce, Milt Thomas, Mark Enns, Scott Speidel

Uneven pasture utilization continues to 
be a substantial problem for beef cattle 
producers who utilize rangelands in 
the western United States. In rugged 
rangeland pastures, non-living factors 
such as slope and elevation yield 
concentrated grazing near water sources 
and limited use of uplands. Overgrazing 
near bodies of water can result in poor 
water quality, increased soil erosion, and 
reduced plant biodiversity. By obtaining 
cattle that uniformly graze the entire 
pasture, producers may reduce the 
degradation of areas surrounding water 
sources and improve the sustainability 
of rangelands. 

While management practices such 
as fencing, herding, and water 
development are effective in improving 
grazing distribution, these practices 
are costly and labor intensive. That 
is why researchers in the Breeding 
and Genetics Program at Colorado 
State University have partnered 
with researchers at the University of 
California Davis and New Mexico State 

University to develop a genetic tool 
that will enable producers to select 
bulls whose offspring will graze in the 
uplands of large mountainous pastures.

To develop this genetic tool, researchers 
placed GPS tracking collars on several 
hundred beef cows on ranches located 
in Arizona, Montana, Nevada, New 
Mexico, and Wyoming. These collars 
enabled researchers to track each cow’s 
use of slope, elevation, and distance 
traveled from water. These traits were 
later used to determine which cattle 
were hill climbers and which cattle 
were bottom dwellers. In addition to 
these measurements, blood samples 
were taken to determine the genotype 
of each animal, which were used to 
identify genetic markers associated 
with terrain use. 

Researchers discovered sixteen genetic 
markers, linked to five genes, associated 
with grazing distribution traits in cattle. 
This suggests that grazing distribution 
is a heritable, highly polygenic trait 

(i.e., controlled by many genes) that can 
be improved using genomic selection. 
Previous research suggests one of 
the five genes, GRM5, plays a role in 
locomotion, motivation, and spatial 
memory. Due to its biological function, 
researchers believe that GRM5 may have 
a significant influence on terrain use (i.e., 
whether an animal is a hill climber or 
bottom dweller). 

Identifying genetic markers and 
incorporating them into a genetic tool 
to select superior animals will provide 
researchers with information that is 
needed to develop a genomic-enhanced 
EPD (GE-EPD) for grazing distribution. 
This GE-EPD will allow producers to rank 
cattle with desirable breeding values 
for grazing distribution and utilizing 
these animals in breeding programs 
may improve pasture utilization in 
large rangeland pastures. Furthermore, 
genomic selection will provide a more 
cost effective method of improving 
grazing distribution as compared to 
previous management approaches. 

 BREEDING & GENETICS
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Genetics of Brisket Disease in Beef Cattle
In the Rocky Mountain region of the United States, which 
includes a large portion of Colorado, many beef producers 
manage their cattle herds in attempts to minimize the effects 
of high altitude disease (HAD). Research teams at CSU’s Beef 
Improvement Center work extensively to understand the causes 
and consequences that HAD can have for ranchers. Seedstock 
producers in high altitude operations use this information for 
sire selection and heifer replacement programs. Specifically, 
they have been actively studying the use of pulmonary arterial 
pressure (PAP) values, the genetic influences on PAP values and 
late feedlot death.

Grazing crossbred cows sampled at sea level and other large 
ruminants thought to be adapted to higher altitude (Bison 
and Yak) were compared to CSU’s Angus herd at its high 
elevation ranch. Results provided validation evidence that mean 
pulmonary arterial pressure (mPAP) is an effective indicator 
trait for HAD. Measures from yearling Angus cattle appear to 
be suitable for EPD calculations. It is also important to note 
that the indicator mPAP is used to determine if cattle will be 
tolerant of receiving less oxygen at higher elevations. Phenotype 
of HAD is also influenced by sources of variation such as breed, 
gender, pregnancy, age, elevation, environmental conditions, 
and concurrent and (or) previous illness. Results also suggest 
that high elevation cattle have higher PAP than most animals 
and these values increase when animals are fed high-gain diets, 
which directly relates to late feedlot death.

Another high elevation Angus herd was used in a study that 
reported PAP to be a trait of moderate heritability. Breed 
influences PAP and there appears to be opportunity for hybrid 

vigor from crossbreeding. Additionally, various studies found 
similar results that PAP is a very polygenic trait. This means that 
a combination of genes regulate the PAP category each animal 
will fall into: either low risk, moderate, or high risk of high 
altitude disease. 

These results suggest that genomic selection approaches could 
provide opportunities to improve breeding value estimations.

Research has been developing in regards to late feedlot death. 
The incidence of death has steadily increased as the carcass 
weights of finished steers increase. From PAP data collected on 
feedlot steers, it appears as though feedlot steers have relatively 
high PAP values regardless of the feedlot elevation. This suggests 
some pathology similarities to HAD, but these cattle also have 
unique left heart (ventricular) dysfunction that is not connected 
to HAD. Due to the growing concern of late feedlot death, data 
collection systems are needed to understand if the high quality 
grades of finishing cattle are related to measures commonly 
collected on yearling cattle for risk of HAD.

This research reiterates the importance of regulating the effects 
of HAD for cattle raised at high elevations. Producers should 
continue to manage using mPAP values but look for practices 
that may improve management of HAD, both genetically and 
nutritionally. 

BREEDING & GENETICS
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Genetic study of adaptability of 
beef cattle to altitude 

M.G. Thomas1, T.N. Holt2, R.M. Enns1, S.E. Speidel 1, S.J. Coleman 1, 
M.M. Culbertson 1, K.J. Jennings1, G.M. Krafsur1, N.F. Crawford1, 
B.C. Krehbiel 1, and F.B. Garry 2

1 Department of Animal Science, College of Agricultural Science and 
2 Department of Clinical Sciences, College of Veterinary Medicine and 
Biomedical Sciences

➤	Pulmonary arterial pressure (PAP) is an indicator trait of 
the risk to development of high altitude disease (i.e., Brisket 
disease). PAP is a moderately heritable. 

➤	PAP appears to be regulated by many genes. Many of these 
genes are in pathways of inflammation, metabolism, and 
tissue remodeling. 

➤	The EPAS1 gene responds to altitude-induced hypoxia in serval 
animal species. However, study of the G/A SNP (rs208644340) 
in this gene revealed no association with PAP in Angus cattle 
of mountainous beef production systems in Colorado and 
Wyoming. 

➤	Breed influences PAP and there appears to be opportunity for 
hybrid vigor from crossbreeding. 

➤	Late feedlot death has some pathology similarities to high 
altitude disease, but these cattle also have unique left heart 
(ventricular) dysfunction. 

Further study of fertility traits in Angus cattle 
may lead to improved EPD strategies 

S.E. Speidel, R.M. Enns, R.J. Boldt, M.A. Sanchez-Castro, and 
M.G. Thomas 
Department of Animal Science

➤	Carcass traits, particularly ultrasound measure of back fat, 
appear to be favorable correlated traits for genetic prediction 
of stayability (STAY) in red Angus cattle. 

➤	Random regression models may be a new strategy for 
predicting STAY EPD in Angus cattle.

➤	Important chromosome regions associated with heifer 
pregnancy (HPG) and stayability (STAY) were detected in red 
Angus cattle. These studies involved 74,659 SNP genotypes. 

Genetics influences distribution of 
cows grazing western rangelands 

M.G. Thomas 1, C.F. Pierce 1, R.M. Enns 1, S.E. Speidel 1, and D.W. Bailey 2

1Colorado State University and 2New Mexico State University

➤	Grazing distribution of cattle can be measured with global 
positioning system (GPS).

➤	Five important chromosome region associated with grazing 
distribution (distance and slope) have been identified and new 
genotypes were identified in genes in these regions. 

➤	Grazing distribution traits appear to be repeatable from year 
to year. 

➤	Accelerometers and GPS appear to be viable tools to study and 
manage grazing beef cattle. 

Genetic markers associated with susceptibility to 
bovine respiratory disease (BRD) in feedlot cattle 

R.M. Enns1, T.G. McDaneld 2, J.W. Keele2, R.J. Boldt 1, T.P.L. Smith 2,  
and L.A. Kuehn2 
1Colorado State University and 2USDA-ARS Meat Animal Research 
Center, Clay Center, Neb.

➤	Previous research suggests a genetic component to cattle 
susceptibility to BRD. 

➤	Using ~770,000 genotypes, important regions associated with 
BRD were found on nine bovine chromosomes. 

SUMMARY 
Breeding & Genetics
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In-Motion Optical Sensing of Gait and Hoof 
Patterns for Assessment of Animal Well-Being
Colton Atkins, Kevin Pond, Christi Madsen, Valerie Moorman, Temple Grandin, Noa Roman-Muniz and Shawn Archibeque

Diseases and disorders of the hoof and 
leg can be a biological and environmental 
risk factor that can result in significant 
livestock loss. Early diagnosis and 
treatment is economically crucial for 
animal recovery. Presently, subjective 
visual detection is the most accepted 
form currently being used for diagnosing 
hoof and leg problems such as lameness. 
However, rapid detection is challenging 
when relying on human-based 
analysis without the aid of objective 
measurement tools. New advances in 
technology will allow for rapid changes 
in how producers analyze lameness 
and offer new detection methods 
that are viable onsite or remotely for 
production purposes.

Livestock production is complex 
to manage because animals create 
physiological and behavioral responses 
that vary in meaningful interpretation. 
Various technologies can be applied 
to collect, predict ,and analyze these 
responses; however, their commercial 
viability can be debated when calculating 
economical and societal feasibility. 
Low-cost, non-invasive, and simplistic 
design of devices, machines, sensors, 
and software is necessary for successful 

commercial implementation. Analysis 
of a new optical sensor technology 
may provide robust advancement 
in monitoring, analyzing, and 
managing physiological and behavioral 
characteristics in determining cattle 
health and well-being.

Researchers assessed the use of an in-
motion optical sensing system allowing 
for rapid, real-time measurements of 
variable biomechanical patterns in fifty 
head of live cattle. By teaming up with 
Ag Tech Optics LLC, researchers were 
able to measure biomechanical patterns 
using a commercially standardized 
platform containing one in-motion 
optical sensing system. 

Kinetic analog measurements such as ratio 
and amplitude of hoof-impacts and ground 
reaction forces along with kinematics such 
as estimated speed and stride length were 
recorded in real-time.

Initial analysis revealed the system 
works to detect variable hoof impacts. 
Measurements provided a repeatable 
pattern for cattle in-motion. In addition, 
the system exhibited robustness 
in functioning under typical commercial 

and/or feedlot conditions. It recorded 
unique and sensitive information for 
use in identifying individual patterns as 
normal or abnormal.

The study aims to build a knowledge 
database on differences in biometric/
biomechanical patterns between and 
within animals while in motion. 

Due to the high similarity of patterns 
obtained per individual animal, data 
suggests the optical sensing system alone 
can assess variable gait measurements 
to determine normal and abnormal 
biomechanical patterns in cattle. This 
is indicative to determining an animal’s 
well-being and is unique compared to 
previous research that requires cameras 
and video systems for true analysis.

By identifying normal and abnormal 
gaits in real-time, researchers will 
be able to work towards providing 
producers with an affordable technology 
for evaluating their own animals. 
Researchers are working towards this 
platform being commercially available 
within the next few years as a cost-
effective tool in improving an animal’s 
welfare and productive value. Through 
new and innovative research such as this, 
Colorado State University researchers 
hope to provide producers with the 
necessary tools to efficiently manage the 
health and well-being of their herds.

ANIMAL HEALTH & WELFARE
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Examination of Captive Bolt Stunner 
with Three Different Bolt Lengths 
on Specified Risk Materials 
Helen Kline, Dana Wagner, Miriam Martin, Brittney Bullard, Joseph Bullard, Lacey Alexander, Temple Grandin

 ANIMAL HEALTH & WELFARE

Most cattle are stunned with a pene-
trating captive bolt device to render the 
animal unconscious for harvest. The 
United States Department of Agriculture 
defined “specified risk materials” as 
tissues from cattle that have the potential 
for a higher risk of prion contamination, 
which could potentially cause diseases of 
the brain, such as, transmissible spongi-
form encephalopathies. Cattle of all ages 
contain specified risk materials, however 
the animal’s age determines if additional 
tissues are removed. Cattle of all ages 
have the tonsils and distal ileum, lower 
portion of the small intestine, removed. 
Cattle that are 30 months or older have 
the tonsils, distal ileum, eyes, spinal cord, 
brain, nerves attached to the brain and 
spinal cord, and portions of the vertebral 
column removed.

This study was conducted to examine the 
effect of the captive bolt length on the 

amount of brain damage and specified 
risk material dispersion in Holstein and 
non-Holstein cattle. Three collections 
were conducted and each collection 
was assigned one of three bolt lengths; 
control (15.2 cm), medium (16.5 cm), 
or long (17.8 cm). All animals sampled 
were less than 30 months of age. Blood 
was randomly sampled immediately 
following the start of exsanguination 
from 33 animals per treatment, with 
an equal split of Holstein and non-
Holstein cattle. Blood samples were sent 
to IEH-Warren Analytical Laboratory 
(IEH, Greeley, Colo.) where the Colorado 
State University fluorescent enzyme-
linked immunosorbent assay (F-ELISA) 
was conducted for detection of glial 
proteins that indicate the presence of 
central nervous system tissue. For brain 
damage assessment, 292 heads were 
collected, chilled, and brought to the 

Necropsy Laboratory at Colorado State 
University, Fort Collins, Colo., for damage 
analysis. Skulls were split with a band 
saw through the captive bolt penetration 
tract. Brains were photographed and 
assessed for damage to the frontal lobe, 
parietal lobe, occipital lobe, olfactory 
bulb, hypothalamus, corpus callosum, 
fornix, and the thalamus. Additionally, 
evidence of double knocking or skull 
plate fragments in the brain tissue 
were recorded.

The Colorado State University F-ELISA 
found that 97 percent of the control bolt 
blood samples were negative, 94 percent 
of the medium bolt blood samples were 
negative, and 100 percent of the long 
bolt blood samples were negative for 
the presence of glial proteins. The level 
of brain damage did not differ between 
breed type for any brain structure 
measured. The amount of brain damage 
was statistically different between 
control bolt and long bolt for frontal lobe, 
occipital lobe, and thalamus. The frontal 
lobe, occipital lobe, corpus callosum, and 
thalamus differed between medium bolt 
and long bolt. Comparisons between 
control bolt and medium bolt showed that 
only frontal lobe damage was different. 
The percentage of double knocking and 
skull plate fragments in the brain tissue 
did not differ based on treatment or breed 
type and the brainstem was not disrupted 
for any of the treatments. The different 
bolt lengths did have different effects on 
different cattle brain structures. Further 
studies are needed to determine the 
relationship between captive bolt length 
and specified risk material dispersion in 
cattle carcasses.
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Cattle breed and head dimension effects on 
the performance of a captive bolt stunner 
equipped with three different length bolts 

D.R. Wagner1, H.C. Kline1, M.S. Martin1, L.R. Alexander2, K.D. Vogel3, 
T. Grandin1 
1 Department of Animal Sciences, Colorado State University, 2Animal 
Welfare, Cargill Protein Group, 3Department of Animal Science, 
University of River Falls, Wis.

➤	Different bolt lengths affect the amount of brain damage 
sustained.

➤	Head dimensions differ based on breed in nose length only; 
the distance between orbit and poll does not differ between 
Holstein and non-Holstein breeds.

➤	Stunner placement recommendations may need to be  
re-evaluated.

Evaluation of different captive bolt 
lengths and breed influence upon post 
mortem leg activity in fed cattle 

M.S. Martin1, H.C. Kline1, D.R. Wagner1, L.R. Alexander2, T. Grandin1 
1Department of Animal Sciences, Colorado State University, 2Animal 
Welfare, Cargill Protein Group, 3Department of Animal Science, 
University of River Falls, Wis.

➤	Captive bolt length effect upon post mortem leg activity in 
fed cattle.

➤	Breed influence affect upon post mortem leg activity in 
fed cattle.

➤	Captive bolt length and breed influence affect upon stun to 
exsanguination interval. 

Examination of captive bolt stunner with three 
different bolt lengths on specified risk materials 

H.C. Kline1, D.R. Wagner1, M.S. Martin1, B.R. Bullard1, J.M. Bullard1, 
L.R. Alexander2, T. Grandin1

1Department of Animal Sciences, Colorado State University, 2Animal 
Welfare, Cargill Protein Group

➤	Different bolt lengths affect the amount of brain damage 
sustained and brain structures damaged.

➤	Different bolt lengths affect the amount of specified risk 
material dispersion.

➤	Targeted brain structures may need to be re-evaluated for 
maximum effect.

SUMMARY 
Animal Health & Welfare

In-motion optical sensing of gait and hoof 
patterns for assessment of animal well-being

C.A. Atkins1, K.R. Pond1, C.K. Madsen , V.J. Moorman3, T. Grandin1, 
N. Roman-Muniz1, and S.L. Archibeque1 
1Department of Animal Sciences, Colorado State University, 2Ag 
Tech Optics LLC, Bryan, Texas, 3Equine Orthopedic Research Center, 
Fort Collins, Colo.

➤	System works to detect variable hoof impacts.

➤	System provided a repeatable pattern of measurements for 
cattle in-motion and recorded unique information for use in 
identifying individual patterns as normal or abnormal.

➤	The in-motion optical sensing system could be used for a 
rapid, real-time early diagnosis and lameness detection in 
livestock.
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 BEEF SYSTEMS MANAGEMENT

An Innovative Beef Production 
System: All Heifer, No Cow
Meredith Harrison, Ryan Rhoades, Jason Ahola, George Seidel

Production efficiency is becoming increasingly important 
in beef production. Consumers desire beef that is locally 
raised with minimal environmental impact, but producers 
are concerned with the economic viability of their operations. 
Persistent drought, volatile markets, and increasing 
sustainability pressure have created a considerable amount of 
market uncertainty, facilitating the emergence of alternative 
production methods. Researchers at Colorado State University 
are evaluating an innovative system—The All Heifer, No Cow 
(AHNC) system. 

The AHNC system is a unique production system where beef is 
produced without mature cows. Maintaining cows to produce 
one calf annually is costly and inefficient. The AHNC system 
utilizes sexed semen, so each heifer replaces herself with a 
heifer. All the animals in the enterprise are growing, so nutrients 
are utilized more efficiently. To further outline the system, 
heifers are bred and calve at two years of age. Calves are early 
weaned at 100 days old. Then, their mothers are placed on a 
finishing ration and are harvested for beef just before reaching 
30 months of age. 

All heifer calves are kept as replacements, but due to 
imperfections in sexed semen and use of a clean-up bull, there 
will be some male calves. Considering this, the system is not 
entirely self-sustaining – a number of replacements must be 
bought each year. Additionally, annual income requires two 

herds 12 months apart. It is important to note the predominant 
source of income in a conventional herd is the sale of weaned 
calves, but the main income source with the AHNC system is 
carcasses. Additional income is generated through the sale of 
bull calves and the sale of open and late bred heifers. 

Researchers have been studying a small demonstration herd 
for the past several years. Preliminary findings from the 
study are promising. A number of fringe benefits associated 
with the AHNC system have been identified. There are no 
growing, lactating, first-calf heifers to rebreed. Without older 

cows, the burdens of diseased eyes, mastitis, and lameness are 
eliminated. The system has proven to be more flexible than the 
conventional. The system also has its pitfalls. Besides the need 
for replacements, the second drawback of the system is the 
potential for discounted carcasses – pregnancy can cause early 
ossification, which negatively affects USDA quality grades. 

The AHNC system appears to be a promising alternative for 
producers. It is an effective way to improve beef production 
efficiency. The AHNC system produces more pounds of beef 
per unit of feed with fewer methane emissions. Furthermore, 
the system’s flexibility and fringe benefits appear to more than 
offset the drawbacks of the model. Implementation of this 
system can improve the sustainability of beef systems, mitigate 
producer risk, and produce high quality beef products. 

METHANE

30%
less methane

emission

FEED

30%
less feed
required

BENEFITS

0%
first-calf 

heifers to 
rebreed

SEXED SEMEN

100%
heifer calves 

kept as 
replacements
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Survey of Cow/Calf Producer  
Value-Added Marketing Strategies 
and Industry Challenges
Miriam Martin, Scott Grau, Lily Edwards-Callaway, Temple Grandin, Burt Rutherford

Uncertainty in the beef industry is a 
given – whether it be market instability, 
consumer concern with animal welfare, 
or natural disasters. Finding ways to 
mitigate risk through adding value to 
producers’ calf crop is one solution. 

Colorado State University collaborated 
with BEEF Magazine to survey how beef 
producers are navigating uncertainty 
via how they market their calf crop, select 
replacements, and what their greatest 
challenges were in 2017. 

Producers were also surveyed on their 
willingness to embrace new practices 
and marketing strategies. More than 
1,400 responses were received from 
producers in 44 states. 

BEEF SYSTEMS MANAGEMENT

SELECTING FEMALE 
REPLACEMENTS
#1  Reproduction Efficiency
#2  Mothering Ability
#3  Calving Ease
#4  Longevity

Seventy-five percent of respondents are 
preconditioning their calf crop 45 days 
prior to them leaving home. Fifty percent 
of producers are backgrounding their 
calves post-weaning, prior to marketing 
them, with 25 percent retaining them 
through finishing.

With consumers becoming more 
interested in how we raise beef, 
opportunities for programs that verify 
animal handling and care may add value 
in the marketplace. A quality assessment, 
providing guidelines for handling and 
care, would add value to their program, 
according to 46 percent of producers, 
while 55 percent of producers say that an 
all-inclusive program, verifying source 
and age, vaccinations, and handling and 
care, would be valuable. 

When selecting female replacements, 
reproductive efficiency was producers’ 
top priority, followed by mothering 
ability, along with calving ease and 
longevity being the third and fourth top 
priorities. 

When selecting which bulls to utilize, 
top priorities for producers were calving 
ease, followed by growth and feed 
efficiency, as well as phenotype, and 
fourthly feet and leg structure. 

Approximately 80 percent of producers 
were found to be marketing their calf 
crop through a local auction market; with 
22 percent of producers doing so through 
a special sale, and 65 percent of those 
special sales being for preconditioned 
calves. What’s more, 36 percent are 
utilizing direct marketing and 8 percent 
are selling via video auction.

 

80%
local 

auction

36%
direct 

marketing

8%
video 

auction

Taking a broad view of the challenges 
facing ranchers, cow-calf health rose to 
the top as one of the industry’s top five 
challenges, followed by reproductive 
health and the export market. Pasture 
availability and biosecurity were the 
fourth and fifth challenges identified. 

With three of the top five challenges centered 
around health and disease prevention, 
keeping animals healthy and productive 
seems to be the top priority for producers. 

When asked to rate challenges to the 
overall success of their operation, 
respondents ranked land availability and 
price at the top of the list, with lack of 
market predictability coming in second 
and access to reliable labor identified as 
the third biggest challenge. 

Producers seem to be exploring new 
ways to market their calf crop and are 
open to new strategies to add value to 
their bottom line, despite a variety of 
challenges facing them. Improving the 
quality of replacements, utilizing value-
added programs, and finding creative 
ways to market their calf crop all seem to 
be avenues that producers are willing to 
embrace to add value. 

SELECTING BULLS  
TO UTILIZE
#1  Calving Ease
#2  Growth and Feed Efficiency
#3  Phenotype
#4  Leg and Foot Structure

BROAD VIEW OF THE 
CHALLENGES
#1  Cow-Calf Health
#2  Reproductive Health
#3  Export Market
#4  Pasture Availability
#4  Biosecurity
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A long-term integrated evaluation of 
the ARDEC irrigated forage system

J.E. Brummer1, J.K. Ahola2, R.D. Rhoades2, J. Ippolito1, D. Mooney3, 
D.W. Schafer4, and C. Shawver1

1Department of Soil and Crop Sciences, 2Department of Animal Sciences, 
3Department of Agricultural and Resource Economics, 4Agricultrual 
Research Development and Education Center

➤	Economic analysis comparing this intensively managed 
grazing system to traditional alternatives including a 
conventional cropping system and haying the perennial 
forages. 

➤	Baseline soils data will be used to measure changes in soil 
health over time as determined by the Soil Management 
Assessment Framework (SMAF) protocol.

➤	Baseline water use, forage yield, quality, and species 
composition data will be used to measure changes in the four 
forage seed mixtures over time. 

Developing a year-round objective measure 
of Colorado rangeland and water nutrient 
composition to facilitate optimization of nutrient 
supplementation programs for grazing livestock

R.D. Rhoades1, P.J. Meiman2, J.E. Brummer3, T.E. Engle1, J.D. 
Derner4, A.M. Stokes5, B. Fickenscher5, R. Bruegger5, T. Hagenbuch5, 
C.D. Horne1,and J.K. Ahola1

1Department of Animal Sciences, 2Department of Forest and Rangeland 
Stewardship, 3Department of Soil and Crop Sciences, 4USDA-ARS 
Rangeland Resources and Systems Research Unit, Cheyenne, Wyo, 
5Colorado State University Extension, Fort Collins, Colo.

➤	Validated sampling protocol could be used to construct a more 
comprehensive statewide study.

➤	Pilot sampling results will help highlight the importance of 
site-specific forage analysis to develop more cost effective 
supplementation programs.

➤	Strengthen producer knowledge and value of range beef cow 
nutrition management recommendations in Colorado.

The all heifer, no cow (AHNC) 
beef production system

J.K. Ahola1, R.D. Rhoades1, G. Seidel2, S.L. Archibeque1, D. Mooney3, 
and M. Harrison1 
1Department of Animal Sciences, 2Department of Biomedical Sciences, 
3Department of Agricultural and Resource Economics

➤	Compared to a conventional system, we estimate the same 
amount of beef could be produced with 30 percent less feed 
and methane emissions.

SUMMARY 
Beef Systems Management

➤	A simulation model is being developed to further analyze 
system efficiency and profitability.

➤	System offers increased flexibility in a ranching operation and 
has the potential to make a large impact on the sustainability 
of the U.S. beef production system.

Colorado beef producer needs assessment 2017 

R.D. Rhoades1, J.K. Ahola1, D. Mooney2, and S. Dideriksen1 
1Department of Animal Sciences, 2Department of Agricultural and 
Resource Economics

➤	More than 700 producers completed the survey. Each segment 
of beef producers were represented with 74 percent cow-calf, 
12 percent stocker, 10 percent seedstock, and 4 percent feedlots 
among survey respondents.

➤	Marketing strategies and methods of managing market risk 
consistently ranked as the #1 most identified priority need 
for additional education and resources among Colorado 
producers.

➤	“Financial situation” was ranked as the #1 barrier to success 
within the operation. Qualified employees and quality 
information also ranked relatively high.

Survey of cow-calf producer value-added 
marketing strategies and industry challenges 

M. Martin1, S. Grau1, L. Edwards-Callaway1, T. Grandin1, and 
B. Rutherford2 
Colorado State University 1Department of Animal Sciences, 
2BEEF Magazine

➤	80 percent of producers are marketing their calf crop through 
a local auction market. With 22 percent of producers doing 
so through a special sale, and 65 percent of those special sales 
being for preconditioned calves.

➤	55 percent of producers indicated that an all-inclusive 
program, verifying source and age, vaccinations, and handling 
and care, would be valuable.

➤	46 percent of producers think that a quality assessment 
providing guidelines for handling and care would add value to 
their program.
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FEEDING & NUTRITION

Effects of Mineral  
Supplementation Concentration 
and Source on Feedlot Steers

Colorado is home to a diverse range of 
cattle producers, including all segments 
of the industry from cow-calf to 
backgrounders and stockers to feedlots 
to packer facilities. Each segment within 
the beef industry emphasizes different 
production values, which act as a guide 
for management decisions. 

Trace mineral supplementation is 
a common nutritional additive for 
feedlot cattle. Feedlot diets are typically 
fortified with trace minerals either 
because the diet does not contain high 
enough concentrations of essential trace 
minerals or is too high in antagonists 
that block the function of the minerals. 
Feedlot managers and consulting 
nutritionists must adjust and adapt 
the concentration and source of trace 
minerals to ensure the feedlot cattle 
are receiving a ration that will help the 
cattle be most productive. Due to the 
complicated nature of this process, a CSU 

research team investigated a specific 
group of feedlot steers in order to better 
understand the effects of supplemental 
zinc, copper, and manganese 
concentrations and sources on 
performance and carcass characteristics 
of feedlot steers. 

The project compared how five 
treatments with various concentrations 
and sources of zinc, copper, and 
manganese affected feedlot steers. 
Results from the study found that animal 
performance and carcass characteristics 
were similar across all five treatments, 
regardless of the source and concentration 
of the three trace minerals. Although 
mineral supplementation is common, 
it is difficult to reach an objective 
conclusion about the effect of copper, 
zinc, and manganese supplementation 
on finishing cattle performance. A 
variety of factors can influence how an 
individual animal may respond to trace 

mineral supplementation, such as stress, 
breed, disease status, initial trace mineral 
status of the animal, environmental 
factors, levels of antagonists, or mineral 
availability. 

Keeping in mind the results of the 
study, cattle producers should take the 
time to reevaluate their trace mineral 
supplementation program at their 
operation. As the study showed, some 
variation in levels of trace minerals 
does not compromise the performance 
or carcass characteristics for feedlot 
steers. Producers may be able to reduce 
some feed costs by evaluating the 
levels of trace minerals supplemented 
and adjusting to potentially lower 
concentrations. It is essential that 
cattle receive an adequate level of trace 
minerals, but depending on the factors 
influencing the animal, these levels may 
be lower than previously thought.
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Effects of Molybdenum Water 
Concentration on Feedlot Performance, 
Tissue Mineral Concentrations, and 
Carcass Quality of Feedlot Steers
Maddie Kistner, John Wagner, Sam Jalali, Jenny Evans, Sarah Chalberg, Karen Sellins, Lynne Kesel, Tim Holt, and Terry Engle

 FEEDING & NUTRITION

Colorado is a state that holds large 
natural deposits of molybdenum. 
Molybdenum (Mo) plays an important 
role for the function of certain 
enzymes in plants and animals. Dietary 
requirements for Mo are not well 
defined for beef cattle. However, elevated 
concentrations of dietary Mo and Sulfur 
(S) have been reported to induce Copper 
(Cu) deficiency in beef cattle through 
the formation of thiomolybdates in 
the rumen. Copper is a necessary trace 
mineral in beef cattle nutrition as it helps 
with growth, reproduction, and supports 
a healthy immune system.

Molybdenum alone can also have 
antagonistic effects on Cu absorption. 
Therefore, feeding additional Cu has been 
recommended in areas where feed sources or 
water is suspected to be high in Mo. 

Due to natural events or human activity, 
Mo deposits can become soluble and 
enter ground or river water systems 
increasing Mo water concentrations that 
exceed the Colorado agricultural water 
standard of 160 ppb (Environmental 
Protection Agency, 2012). In 2014, CSU 
initiated a research project to investigate 
the influence of Mo in drinking water on 
Cu status in beef cattle. Seventy single 

sourced commercial crossbred steers 
with an initial BW of 1,000 lbs. were 
housed at the Agricultural, Research, 
Development, and Education Center in 
Fort Collins, Colo., from which 30 steers 
were selected for this experiment.

Prior to initiating the experiment, all 
cattle were processed. Processing proce-
dures included: 1) obtaining an individual 
body weights; 2) individually identifying 
cattle with an electronic identification 
tag and a visual four-digit ear tag; 3) 
vaccinating each steer for common beef 
cattle diseases; and 4) treating each steer 
for internal and external parasites. Cattle 
were then divided into two blocks of 15 
steers. Block 1 steers were fed for a total 
of 151 days and block 2 steers were fed 
for a total of 112 days. Steers were housed 
in individual pens and Mo was added 
to individual 70-gallon water tanks at 
different concentrations. Molybdenum 
water treatment concentrations were: 0 
(control), 160, 320, 480, and 960 ppb. 

Molybdenum water concentrations 
were maintained through the entire 

feeding period at the appropriate doses. 
Water consumption and feed intake 
were determined daily and body weights 
were collected every 28 days in order 
to calculate average daily gain and feed 
efficiency. Liver biopsies were obtained at 
the beginning and middle of the feeding 
period and a liver sample was obtained 
at slaughter. Blood samples were also 
obtained at 28-day intervals. Liver and 
blood samples were analyzed for Cu to 
determine the influence of Mo intake on 
Cu status.

Results of this experiment indicate 
that Mo addition to drinking water 
up to 960 ppb for cattle had no impact 
on performance, mineral status, water 
intake, and carcass quality of rapidly 
growing feedlot steers fed a moderately 
high concentrate diet. However, factors 
that influence ruminal bypass of 
drinking water and diet type (forage vs. 
concentrate) need further investigation. 
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Effects of supplemental zinc, copper, 
and manganese concentration and 
source on performance and carcass 
characteristics of feedlot steers 

E. Caldera, J.J. Wagner, K. Sellins, S.B. Laudert, J.W. Spears, 
S.L. Archibeque, and T.E. Engle 

➤	Trace mineral supplementation research for yearling feedlot 
cattle continues to demonstrate that the zinc, copper, and 
manganese requirements for beef cattle outlined in the 
“Nutrient Requirements of Beef Cattle: 8th Revised Edition,” 
published by the National Academies of Science, Engineering, 
and Medicine (2016), are adequate to support yearling feedlot 
cattle health and well-being and sustainable production 
efficiencies. 

➤	Trace mineral supplementation recommendations routinely 
made by consulting nutritionists (2 to 3X National Academy 
recommendations) are unwarranted.

Effects of molybdenum water 
concentration on feedlot performance, 
tissue mineral concentrations, and 
carcass quality of feedlot steers

M.J. Kistner, J.J. Wagner, J. Evans, S. Chalberg, S. Jalali, K. Sellins, 
M.L. Kesel, T. Holt, and T.E. Engle 

➤	Molybdenum ingestion has been shown to compromise 
copper status in cattle due to the formation of insoluble 
copper thiomolybdate complexes. Western Colorado is rich 
in molybdenum deposits. Forages and water sources near 
molybdenum mines located near Leadville and Empire test 
higher in molybdenum than comparable samples from other 
locations in Colorado. 

➤	Prior to remediation efforts by the mining industry, water 
from Ten Mile Creek, a local stream, was found to contain 
9 mg/L molybdenum resulting in a mass flow rate of 4,536 
kg/d (Chappell, 1973). Current EPA water discharge limit is 
160 micrograms/L. A 5 treatment (0, 160, 320, 480, vs. 960 
micrograms/L molybdenum) dose titration study involving 30 
individually fed and watered feedlot steers found no effects of 
water molybdenum concentration on animal health, growth 
performance, carcass merit, of liver and plasma copper status.

Influence of timing of growth implant 
administration on performance and 
health of newly weaned beef cattle

K.L. Neuhold, J.J. Wagner, E. Caldera, K.S. Sellins, J.S. Schutz, and 
T.E. Engle 

➤	Delaying the time of growth implant administration had 
minimal effects on animal performance, health, and immune 
response. Improvements in performance day 0 through 
slaughter were observed for the delayed implant program 
indicating that delaying implant administration may be 
a preferred strategy when depletion of implant active 
ingredients may occur prior to slaughter.

Meta-analysis examining the effects of 
Saccharomyces cerevisiae fermentation products 
on feedlot performance and carcass traits

J.J. Wagner, T.E. Engle, C.R. Belknap, and K.L. Dorton

➤	The recently implemented Veterinary Feed Directive (VFD) 
reflects societal concern over the use of antimicrobial 
products in livestock production. The beef industry is 
interested in finding alternatives to the antimicrobial 
products currently used in beef production. The nutrition 
faculty have examined several alternative feed additives.

Inclusion of zeolites (clinoptilolite) in 
finishing ration of feedlot beef cattle

N.M. Jones, T.E. Engle, H. Han, J.J. Wagner, and S.L. Archibeque

➤	The objective of this study was to evaluate the inclusion of 
zeolites (clinoptilolite) on performance of feedlot steers fed a 
high concentrate, steam flaked corn-based finishing diet for 
138 d. It was hypothesized that the ion exchange capacities of 
zeolites may serve as a buffering agent within the rumen and 
improve performance in a dose dependent fashion. 

➤	Final BW and feed efficiency were similar across all 
treatments. Dry matter intake and average daily gain tended 
to be greater for steers fed zeolites at 1 percent of the dietary 
DM. There were no differences in mortality and morbidity 
between treatments. 

➤	The addition of zeolites to steam flaked corn-based finishing 
diets does not affect final body weight or feed efficiency 
and tended to improve DMI and ADG of feedlot cattle when 
zeolites were included at 1 percent of diet DM.

SUMMARY 
Feeding & Nutrition
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 PASTURE & RANGE

Kevin Jablonski and Paul Meiman

No matter the size of the herd, one of the 
biggest fears of any cow-calf producer 
is heading out to “check the cows” and 
finding some of them dead. Poisonous 
plants are perhaps the most common 
cause of this unfortunate outcome. In the 
Western United States, the many species 
of larkspur (Delphinium sp.) may be the 
deadliest of these, with estimates of yearly 
losses at 2-5 percent of herds (up to 15 
percent) for those grazing where larkspur 
is prevalent.

For more than a century, research on 
larkspur, like most poisonous plants, 
has focused on “fight or flight” – that 
is, either aiming to eliminate larkspur 
through herbicides/mowing (fight) or to 
avoid having livestock graze it (flight). 
Because of the cost and impracticality 
of herbicides and mowing, seasonal 
avoidance is currently the most common 
strategy for larkspur. However, though 
we have learned a great deal about 
larkspur toxicity and physiology, it has 
apparently had little to no effect on 
producer losses. Our current research 
takes a different approach.

First, we recognized that cattle must 
eat a lot of larkspur before becoming 
ill – at least 150-500 individual plants 

of the larkspur species we are focusing 
on, Geyer’s larkspur (Delphinium geyeri). 
Second, there are hints in the scientific 
literature that larkspur is likely to 
respond to grazing by becoming less 
abundant and less toxic. Lastly, we have 
spoken to ranchers who have not lost 
cattle to larkspur for many years, with 
neighbors losing many, despite similar 
amounts of larkspur. 

These facts point to the possibility that 
avoidance may be allowing larkspur to 
become more dangerous, and that there 
may be a grazing management solution 
that will allow cattle to graze in larkspur 
habitat at any time without deaths. 
The key to such a strategy would be to 
ensure that every animal in a herd eats 
some larkspur, while none eat too much. 
Figuring out how such a strategy would 
work, both scientifically and practically, 
is the goal of our research. 

The research agenda is multifaceted. 
First, we are conducting field studies to 
improve our understanding of larkspur 
toxicity, distribution patterns, and 
potential response to grazing. Second, 
because field experiments with cattle 
would be dangerous and irresponsible, 

we are developing a computer simulation 
to mimic cattle grazing in pastures with 
larkspur. This model is already pointing 
to some key management interventions 
that may reduce the likelihood of 
poisoning, including increased stocking 
density and, interestingly, increased 
herd cohesion while grazing, regardless 
of animal numbers. Lastly, we will be 
conducting a survey of ranchers affected 
by larkspur, and working with them 
to understand the range of practical 
management strategies appropriate to 
rangelands where larkspur is abundant.

Ranchers know their land, animals, and 
operations best. The role of extension 
researchers is not to provide one-size-
fits-all prescriptions, but rather to enable 
managers to integrate what science can 
learn with what they already know. For 
larkspur, this approach holds promise 
to facilitate an adaptable management-
based solution to a previously intractable 
and disruptive problem. 

Stay tuned for more on this research 
in the coming year, and please contact 
Kevin Jablonski at kevin.jablonski@
colostate.edu for more information or if 
you are interested in assisting. 

A Different Approach to Grazing 
Management in Larkspur Habitat
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Forage Brassicas Can Potentially 
Be Used to Extend the Grazing 
Season and Reduce Input Costs
Luis Villalobos and Joe Brummer

PASTURE & RANGE

Throughout most of Colorado, feeding 
hay is the primary input cost in beef 
cattle operations during the fall and 
winter months. Recently, rising input 
costs have generated producer interest 
around the incorporation of annual 
forages into cattle operations as a way 
to reduce these costs. Stockpiling is a 
common management practice where 
forage is allowed to accumulate to be 
grazed later, when forage production 
is lower. However, the quality of many 
stockpiled forages tends to decline over 
time, which makes it necessary to utilize 
species with the ability to maintain 
nutritive value. Unlike most grasses and 
legumes, the nutritive value of forage 
brassicas does not decline significantly 
when plants mature. Additionally, forage 
brassicas have unique characteristics 
such as frost tolerance, high yield, and 
planting and harvest management 
flexibility, making them an excellent 
candidate to extend the grazing season 
through stockpiling here in Colorado. 

Given the potential production and 
economic value of forage brassicas, 
researchers at Colorado State University 
are exploring best management 

practices for incorporating these 
annual forages. In a recent study, they 
evaluated nine brassica cultivars that 
were seeded on two planting dates (mid-
July and mid-August), and their yield 
and nutritive value were measured for 
two fall harvest dates (mid-October and 
mid-November) over a two-year period. 
When evaluating brassicas, planting 
and harvest dates are critical variables to 
consider because they can significantly 
affect both yield and quality. This study 
was conducted at CSU’s Agricultural 
Research, Development and Education 
Center (ARDEC) and Horticultural 
Farm. The brassica cultivars evaluated 
included three turnips, three rapes, 
Groundhog radish, Major Plus swede, 
and Pasja hybrid.

Results from this study found that 
planting date significantly influenced 
dry matter (DM) yield of forage brassicas 
being stockpiled for fall grazing. 
When planted early (i.e., mid-July), all 
brassica cultivars produced an adequate 
amount of DM (4,900 to 8,460 lbs/acre) 
compared to lower yields produced by 
most other cool-season forages during 
the fall. Delaying the planting date until 

mid-August resulted in reduced yields 
for all cultivars evaluated (average of 
6,450 vs 2,680 lbs/acre for early vs late 
planting), which ultimately means 
fewer days of fall grazing or the need 
to reduce stocking rates. If planting 
must be delayed, turnips are the best 
choice due to their quick growth and 
consistent yields of just over 3,000 lbs/
acre. Additional forage was also produced 
by delaying the harvest date until mid-
November, but the increase was minor 
compared with yields obtained with 
earlier planting. Fiber content of forage 
brassicas was low (19.0–25.2%), and crude 
protein content (18.6–25.5%) and in vitro 
true digestibility (85.5–92.9%) were above 
the requirements for all classes and 
stages of beef cattle. Because of their high 
nutritive value, it is advisable to make 
some lower quality roughage available 
when grazing brassicas. All brassica 
cultivars in this study maintained 
their nutritive value over the growing 
season and produced significant DM 
when planted early, which makes them 
suitable for stockpiled grazing during 
fall and early winter under Colorado 
growing conditions.
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Forage brassicas stockpiled for fall 
grazing: Yield and nutritive value

L.A. Villalobos and J.E. Brummer
Department of Soil and Crop Sciences

➤	Brassicas such as rape, turnips, radishes, Swedes, and various 
hybrids can provide significant amounts of high quality forage 
for fall grazing.

➤	Brassicas should be planted mid- to late-July to allow for 
sufficient growth. If planting must be delayed until mid-
August, turnips should be used as they have the quickest 
growth.

➤	Forage quality was high through mid-November regardless of 
species, cultivar, or time of planting. Because of their lack of 
fiber, some form of roughage should be provided when grazing 
brassicas.

Yield and nutritive value of cool-
season annual forages and mixtures 
seeded into pearl millet stubble

L.A. Villalobos and J.E. Brummer
Department of Soil and Crop Sciences

➤	Annual cool-season forages no-till seeded into pearl millet 
stubble in early August can meet dry matter and nutrient 
requirements of beef cattle grazing in the fall.

➤	Controlling millet regrowth with herbicide prior to planting 
resulted in greater establishment, yield, and nutritive value of 
seeded cool-season forages.

➤	Lesser nutritive value and yield potential associated with 
letting millet regrow must be weighed against extra inputs.

Interseeding cool-season forages into 
corn to increase yield and quality 
of residue grazed in the fall 

L.A. Villalobos and J.E. Brummer
Department of Soil and Crop Sciences

➤	Corn stover is often grazed during the fall and winter but can 
be deficient in quality, especially crude protein (CP).

➤	A mixture of brassicas (turnip, rape, radish, and hybrid) and 
annual ryegrass interseeded at the V6 growth stage were the 
two highest yielding forages tested. Brassica mixture and 
annual ryegrass had CP contents of 24 and 19%, respectively, 
compared to the corn stover at only 5%.

➤	Compared to a good quality alfalfa hay, both interseeded 
forages proved cheaper on a per pound of protein basis. Field 
needs to be strip grazed to keep cattle from selectively grazing 
cool-season forages.

Simulated livestock trampling reduces 
yellow flag iris density, height, and seedling 
survival and provides opportunities 
for wetland habitat improvement

J.L. Spaak and P.J. Meiman
Department of Forest and Rangeland Stewardship

➤	Yellow flag iris (YFI) is an exotic, invasive wetland plant that 
poses a significant threat to wetland and riparian habitats. 
Field and greenhouse studies were conducted to determine the 
effects of simulated livestock trampling.

➤	Trampling reduced both the density and height of surviving, 
established YFI plants in the field study. 

➤	Trampling YFI seedlings in the greenhouse also reduced 
survival, leaf numbers ,and plant height. Trampled seedlings 
were more likely to die than un-trampled seedlings.

States and transitions in aspen-dominated 
ecosystems in western Colorado 

C.P.K. Dickey, M.E. Fernandez-Gimenez, and P.J. Meiman
Department of Forest and Rangeland Stewardship

➤	Aspen is a species of high ecological, economic, and aesthetic 
importance. Differences among aspen stand types and the 
ecological sites on which they occur were described and 
information synthesized into state-and-transition models (STM).

➤	Higher frequencies and intensities of browsing occurred 
in areas with isolated stands compared to areas with large 
continuous stands and in these areas, there was evidence that 
browsing affected juvenile aspen stem densities.

➤	Three STMs depict aspen and non-aspen dominated states 
associated with differences in abiotic site characteristics, and 
one STM depicts a single aspen dominated state.

Geyer larkspur toxicity dynamics in 
foothills rangelands of Colorado

K.E. Jablonski, T.C. Marshall and P.J. Meiman
Department of Forest and Rangeland Stewardship

➤	Geyer larkspur is a native perennial plant toxic to cattle. 
Seasonal toxicity patterns mirror those found in other 
species of larkspur. Seasonal progression of the toxic alkaloid 
concentration (mg/g) was as follows: vegetative stage (6.8), bud 
stage (2.7), flower stage (2.2). 

➤	Because plant mass increases from vegetative to bud stage, 
the alkaloid pool increases as the season progresses. A strong 
relationship between plant mass and alkaloid pool was found, 
suggesting,robust plants are most dangerous, and that grazing, 
which is expected to reduce plant mass, would make larkspur 
less dangerous.

SUMMARY 
Pasture & Range
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MEAT SCIENCE

Identifying Alternatives to Tylosin 
Phosphate for Use in Feedlot Beef Cattle
Carla Weissend, Katy Holzer, Kate Huebner, Maggie Weinroth, Gina Geornaras, Jessica Metcalf, Jennifer Parker,  
Paul Morley, Keith Belk, Jennifer Martin

The use of antibiotics in food animals has been widely 
scrutinized and is often implicated in the development of 
antimicrobial resistance and increases in antibiotic resistant 
infections. As a result, efforts to reduce the use of antimicrobial 
drugs in food producing animals, specifically those which are 
also used in human medicine, has been a focus of the beef 
industry for many years. In the past decade, the inclusion of 
Tylosin phosphate in the diets of finishing cattle to reduce 
and prevent liver abscesses has been intensely criticized. This 
tool is not only widely utilized – some estimates suggest over 
one-half of feedlot cattle in the U.S. receive Tylosin phosphate – 
but is also highly impactful by reducing the incidence of liver 
abscesses and many performance defects which accompany 
them. However, Tylosin phosphate belongs to a classification of 
antibiotics – macrolides – which are widely utilized in human 
medicine. As such, its use in feedlot beef cattle is on the decline. 

Nonetheless, as efforts to reduce the use of antibiotics in 
food animal production continue, alternatives which do not 
sacrifice animal health/welfare, performance, beef quality, 
or food safety must be identified. To this end, researchers 
evaluated the impact of two potential Tylosin alternatives (a 
Saccharomyces cerevisiae fermentation products (SCFP) or 
an essential oil) on performance and the prevalence of liver 
abscesses when compared to cattle supplemented with or 
without Tylosin phosphate. In addition, in order to understand 
the microbial profile of liver abscesses, as well as determine any 
potential impacts on food safety pathogens and the presence of 
antimicrobial resistance genes, the researchers took an in-depth 
look at the liver abscesses, cattle feces, lymph nodes, and fresh 
beef products using traditional microbiological techniques 
and enhanced gene sequencing technologies. Forty pens of 
commercial crossbred cattle (>5,500 head) were randomly 
assigned to one of the four treatment groups and samples 
were collected at the time of placement, prior to harvest, and 
immediately following harvest. 

Overall, performance was relatively unchanged when Tylosin 
was excluded from the finishing ration, except for feed to gain 
ratio, which was lower in cattle supplemented with Tylosin. 

Likewise, liver abscess prevalence was lowest in pens of cattle 
supplemented with Tylosin phosphate when compared to the 
other treatment groups. The microbial populations of cattle 
feces, lymph nodes, and fresh beef products did not differ 
among treatment groups; but, more than 80 percent of lymph 
nodes were positive for Salmonella spp. across all treatment 
groups. Of note, the researchers observed that the presence 
of resistance genes in cattle feces did not differ among cattle 
supplemented with Tylosin when compared to those without 
Tylosin supplementation. 

In this work, neither Tylosin exposure nor exclusion upended 
the safety of beef products or presence of resistance genes in 
cattle feces. However, the results from this project highlight 
some of the unique and nuanced intricacies of the microbiome 
and resistome of feedlot cattle, which will be useful in future 
work related to the development of strategies aimed to not 
only reduce and prevent liver abscesses, but also improve cattle 
performance and beef safety. 
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2016 National Beef Quality Audit Results
Libby Bigler

Colorado State University meat science researchers play a vital 
role in conducting the National Beef Quality Audit (NBQA) 
survey, providing our industry with important benchmarks. 

The comprehensive survey, completed every 5 years since 1991, 
evaluates the beef industry’s efforts to improve beef quality while 
recommending measures to meet consumer and value-chain needs. 

We have boiled down the most recent steer and heifer audit 
results into 5 key learnings. 

1.  We are producing more Prime and Choice carcasses than ever 
before. In 2016, 71 percent of audited carcasses graded Prime 
or Choice compared to 51 percent in the original 1991 audit. 
Naturally, improvements in quality grade were accompanied 
by fatter, heavier carcasses. The audit observed more yield 
grade 4 and 5 cattle, and carcasses that weighed more than 
900 pounds were up 20 percentage points over 2011 rates. 

2.  We need to keep an eye on bruising and other production 
practices that lead to condemnations. More carcasses 
exhibited bruising in the 2016 NBQA, but the majority of 
bruises were less severe than in the past. Of the bruised 
carcasses, 77 percent had minimal bruising, or less than 1 
pound of product loss from trimming. Further harvest floor 
assessment identified the need to reduce offal condemnations 
as there were more observed liver, lung and viscera 
condemnations, which may be related to production practices. 

3.  Evaluated for the first time in 2016, transportation and 
mobility characteristics earned respectable marks. 

Representing about 10 percent of a day’s production at each 
evaluated plant, the transportation assessment concluded 
that cattle are being sourced from further distances, with an 
average of 135.8 miles and about 2.7 hours spent on the trailer. 
From a mobility perspective, 97 percent of cattle walked 
normally with no apparent lameness. 

4.  Downstream customers indicated that food safety was their 
No. 1 priority. This response is consistent with 2011 NBQA data, 
but in 2016, more companies indicated that they required a 
food safety guarantee before conducting business. Food safety 
has steadily become an implied part of doing business for 
downstream beef customers. 

5.  Beef Quality Assurance (BQA) programs are not widely 
recognized throughout the supply chain. Unfortunately, 
the 2016 NBQA discovered that beef customers are not 
familiar with, nor do they recognize BQA’s efforts to ensure 
a safe, quality beef product. In order to improve marketing 
weaknesses and combat negative perceptions of the beef 
industry, it is imperative to educate beef customers on the 
positive impact of BQA.

Each audit calculates the value of lost opportunities, or the cost of 
quality issues as observed in each NBQA. 

The bottom line is that the value of lost opportunities to the 
producer increased from $47.30 per head in 2011 to $49.06 per 
head in 2016. An increase in offal condemnations is one of the 
main triggers of the additional $1.76 loss. 
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Presence and characteristics of Salmonella 
recovered from subiliac lymph nodes of 
beef feedlot cattle enrolled in a randomized 
clinical trial of feed additives

K. Holzer1, J. Metcalf1, I. Geornaras1, C. Weissend1, K. Huebner2, 
P. Morley2, K. Belk1, and J. Martin1

1Department of Animal Sciences, Colorado State University; 2College of 
Veterinary Medicine and Biomedical Sciences, Colorado State University

➤	Identifying alternatives for Tylosin in feedlot is an important 
goal for the beef industry; however, alternatives must not 
impede the safety of beef or beef products. 

➤	84% of lymph nodes from sampled cattle were positive 
for Salmonella across the four treatment groups; however, 
Salmonella prevalence did not differ across treatment groups. 

➤	This study is part of a larger effort to evaluate Tylosin 
alternatives and will be valuable in determining the role such 
strategies can play in producing safe beef. 

Influence of Tylosin supplementation 
in feedlot cattle on fecal microbial 
populations and Salmonella

C. Carlson1, J. Martin1, J. Metcalf1, I. Geornaras1, M. Weinroth1, 
D. Woerner1, H. Yang1, R. Delmore1, P. Morley2, and K. Belk1

1Department of Animal Sciences, Colorado State University; 2College of 
Veterinary Medicine and Biomedical Sciences, Colorado State University

➤	Significant pressure exists to reduce the use of critically 
important antimicrobial drugs in livestock production.

➤	Fecal microbial populations and prevalence of Salmonella did 
not differ due to Tylosin supplementation.

➤	Fecal Salmonella isolates from cattle exposed to Tylosin 
tended to exhibit resistance to multiple antimicrobial drugs.

Understanding the impact of the presence of 
added humidity in the beef cooking process on 
sensory, protein stability, and appearance 

D.A. Gredell1, D.R. Woerner1, J.N. Martin1, J.D. Tatum1, R. J. Delmore1, 
and K.E. Belk1 
1Department of Animal Sciences, Colorado State University

➤	Tenderness, flavor, and juiciness are important attributes for 
consumer acceptability of beef, and humidity has been shown 
to improve tenderness of tough muscles. 

➤	Beef strip steaks cooked at 80°C with zero or medium relative 
humidity were rated more tender than steaks cooked with 
a high relative humidity. However, humidity hindered the 
development of beefy/brothy flavors.

➤	Low cooking temperatures and moderate humidity can be 
used to increase tenderness without sacrificing flavor. 

National beef quality audit – 2016 

J.D. Hasty1, M.M. Pfeifer2, D.R. Woerner1, J.N. Martin1, R.J. Delmore1, 
W.B. Griffin2, D.L. VanOverbeke2, G.G. Mafi2, C.A. Boykin3, D.S. Hale3, 
C.R. Kerth3, D.B. Griffin3, A.N. Arnold3, J.W. Savell3, D.L. Pendell4, and 
K.E. Belk1 
1Department of Animal Sciences, Colorado State University; 2Department 
of Animal Sciences, Oklahoma State University; 3Department of 
Animal Science, Texas A&M AgriLife Research, Texas A&M University; 
4Department of Agricultural Economics, Kansas State University

➤	71% of audited carcasses graded Prime or Choice compared to 
51% in the original 1991 audit.

➤	More carcasses exhibited bruising in the 2016 audit, but the 
majority (77%) were considered minimal (less than 1% of 
product loss from trimming).

➤	The value of lost opportunities to the producer increased from 
$47.30 per head in 2011, compared to $49.06 per head in 2016.

SUMMARY 
Meat Science
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Colorado Livestock Association is 
a boots on the ground 

partner with livestock producers 

in the regulatory & legislative arenas.

Colorado Livestock Association was formed in 1998 through a restructuring of  the then 43 year old 

Colorado Cattle Feeders Association. CLA members are cattle and sheep feeders, cow/calf  producers, 

dairy farmers, swine operations, and industry partners. CLA works on behalf  of  its members in the 

regulatory and legislative arenas in Colorado.

REPRESENTING COLORADO’S LIVESTOCK PRODUCERS  WITH A UNIFIED VOICE



COLORADO LIVESTOCK ASSOCIATION  
2425 35th Avenue, Suite 202, Greeley, CO 80634 

O (970) 378-0500 | F (970) 378-1962 | www.coloradolivestock.org

FOLLOW US

ON SOCIAL MEDIA
@COLIVESTOCK

fli

AG COMPOST
In 2016, CDPHE Solid and Hazardous Waste 
Division updated Section 14 composting 
rules for Colorado. Because of  CLA’s 
efforts, livestock operations will remain 
exempt from this rule going forward if  they 
continue to compost their own agricultural 
waste.

WASTE TIRES IN AGRICULTURE
Agricultural producers re-purpose waste 
tires in numerous ways that are both 
productive and beneficial. CLA was at the 
table and continues to be involved in the 
discussions surrounding regulation of  the 
use and reuse of  waste tires on agriculture 
operations.

ANIMAL ACTIVISM 
Colorado has been a target for animal 
activist groups such as the Humane Society 
of  the US. CLA has been at the forefront in 
opposing legislation and ballot initiatives 
that could devastate the livestock industry 
in Colorado.

As a group of  diversified protein 
.producers, we may not always 

agree on the detail of  every message, 
but we all understand that a message 
coming from our collective membership 
is much more effective than from each 
of  us individually.

REG 81
All CAFOs in Colorado, whether permitted 
or not, are required under Regulation 81 to 
protect Colorado’s water. CLA has worked 
with the Environmental Ag Program to 
foster a relationship based on common 
sense and compliance assistance to protect 
one of  Colorado’s most precious resources.

REG 85
Nutrient Criteria - Effective September 30, 
2012 this regulation was adopted as a first 
step to reduce the amount of  nitrogen and 
phosphorus in Colorado’s water bodies. 
Currently, provisions in the regulation 
encourage voluntary controls of  non-point 
sources.

ROCKY MOUNTAIN 
NATIONAL PARK
Perhaps nowhere is ammonia from 
livestock under greater scrutiny than 
along the front range of  Colorado. For the 
past ten years, CLA has been engaged in 
discussions related to Rocky Mountain 
National Park (RNMP) and concerns about 
nitrogen deposition. CLA lead the effort 
in the development of  a pilot project 
known as the Early Warning System and 
will continue to work to avoid mandatory 
regulations that would restrict everyday 
activities on livestock operations.

IMMIGRATION
This is an issue that must be addressed 
by the Federal government. CLA has been 
proactive in encouraging our Senators 
and those who represent us in Congress 
to pass meaningful immigration reform 
legislation.

BY ADVANCING THE INTERESTS OF MEMBERS, LIVESTOCK AND THE PUBLIC.



Significant events held on campus:

Inaugural Beef Cattle Field Day  
and Grazing Tour –  

130 in attendance

Dr. Grandin’s  
70th Birthday  
Celebration

NCBA Stockmanship and 
Stewardship Regional Tour – 

200 in attendance

JBS Global Food Innovation Center  
in Honor of Gary and Kay Smith:

➤	Construction began fall 2017

➤	Naming opportunities still available

Highlights from the  
2016-2017 Academic Year

producers

producers

26



Grants supporting research efforts:
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REPORTING ON 
COLORADO’S BEST 
MANAGEMENT 
PRACTICES FOR 
BEEF PRODUCERS


