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WSASAS Committee Assignments 2008-2009
** Denotes Committee Chair
Executive
R. Battaglia, President (10, University of Idaho)**
G. Moss, President-Elect (11, University of Wyoming)
D. H. Crews, Secretary-Treasurer (12, Colorado State University)
K.C. Olson, Past-President (09, S. Dakota State University)
B. Hess, ASAS Board Director (10, University of Wyoming)
G. Tibbetts, Industry Director (09, Zinpro Corp.)
M. Salisbury (09, Angelo State University)

Awards
G. Moss, President-Elect (09, University of Wyoming)**
D. Bohnert (09, Oregon State University)
D. ZoBell (09, Utah State University)
M. Tess (09, Montana State University)
M. Du, (10, University of Wyoming)
M. Doumit (10, University of Idaho)

Symposium
T. Field (09, Colorado State University)**
T. Delcurto (09, Oregon State University)
R. Endecott (09, Montana State University)
S. Paisley (10), University of Wyoming)
J. Hall (10, University of Idaho)

Adyvising and Coordinating
M. Salisbury (09, Angelo State University)**
S. Ivey (09, New Mexico State University)
G. Duff (10, University of Arizona)
P. Ludden (10, University of Wyoming)
J. Bowman (10, Montana State University)
C. Mueller (10, Oregon State University)
M. Enns (10, Colorado State University)
J. Carpenter (10, University of Hawaii)
A. Roberts (10, USDA-ARS, Miles City)
J. Ahola (11, University of Idaho)
J. B. Taylor (11, USDA-ARS-USSES, Dubois, ID)
B.J. May (11, Angelo State University)

Paper Competition
J. B. Taylor (09, USDA-ARS-USSES, Dubois, ID)**
M. Shipka (09, University of Alaska)
L. Baumgard (09, University of Arizona)
K. Walburger (10, University of Saskatchewan)
K. Cammack (10, University of Wyoming)
D.L. Boss (11, Northern Ag Research Ctr, Havre, MT)
C.T. Parsons (11, Oregon State University)
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Academic Quadrathlon
D.C. Rule (University of Wyoming)**
J.B. Lamb (BYU - Idaho)
S. Soto-Navarro (New Mexico State University)
R. Wiedmeier (Utah State University
H. Han (Colorado State University)

Extension
J. Sprinkle (09, University of Arizona)**
B. Bruce (09, University of Nevada, Reno)
R. Kott (10, Montana State University)
C. Parsons (10, Oregon State University)
B. Glaze (11, University of Idaho)
S. Lake (11, University of Wyoming)

Necrology
K.C. Olson, Past-President (09, S. Dakota State University)**

Nomiating
K.C. Olson, Past-President (09, S. Dakota State University)**
T.T. Ross (09, New Mexico State University)
J. Thompson (09, Oregon State University)



Minutes of the Western Section of the American Society of Animal Science Business Meeting
June 26, 2008
University of Wyoming
Laramie, WY

President Ken Olson called the meeting to order at 8:00 am.

Acceptance of the minutes of the 2007 business meeting.
The minutes of the 2007 business meeting were approved as printed in the 2008 Proceedings of
the Western Section of the American Society of Animal Science.

Advisory and Coordinating Committee Report.
C.A. Loest (New Mexico State University), chair

Committee Members:
D. Drake (University of California, Davis)
R. Wiedmeier (Utah State University)
T. Bodine (Western Feed Supplements)
J. Stellflug (USDA-ARS, Dubois, ID)
D. Crews (AAFC, Edmonton)
M. Salisbury (Angelo State University)
S. Ivey (New Mexico State University)
G. Duff (University of Arizona)
P. Ludden (University of Wyoming)
J. Bowman (Montana State University)
C. Mueller (Oregon State University)
M. Enns (Colorado State University)
J. Carpenter (University of Hawaii)
A. Roberts (USDA-ARS Miles City)

On June 24, 2008, the WSASAS Executive committee requested input from the A&C committee regarding
the following:

1. Graduate Student Paper Competition scoring.
The proceedings paper and oral presentation for the Graduate Student Paper Competition are
scored with equal weight, and the A&C committee evaluated a proposed scoring system that allows
for the oral presentations to carry more weight than the proceedings paper. The A&C Committee
meeting was held on June 25, 2008, and the committee drafted the recommendation to not change
the current scoring system (the proceedings paper and oral presentation are scored with equal
weight) for the graduate student paper competition. Additionally, the recommendation was made
that the chair of the graduate student paper competition should provide a brief description of the
scoring process prior to announcing the competition winners.

2. Criteria for sectional awards.
The A&C committee was asked to develop criteria for the eligibility of nominees for awards.
In particular, the committee was asked to evaluate the proposal that awardees should have
demonstrated participation in western section activities or will be required to participate in western
section activities/committees after the award. During the A&C Committee meeting on June 25,
2008, the committee drafted the recommendation that the eligibility for nominees for an award
should include demonstrated participation in western section activities prior to the award, and it
would be the responsibility of the awards committee to evaluate that participation. Additionally,
the A&C committee recommended that participation in western section activities/committees
after the award should not be required. However, the awardees should be invited to participate in
western section activities.

3. Policy for publishing symposium papers.
The A&C Committee will be working on recommendations for a draft policy statement that allows
invited symposium speakers to publish symposium papers. Items to be considered include
publication format (proceedings papers vs. peer-reviewed electronic JAS papers) and page charges.
The final recommendations will be sent via e-mail to the WSASAS President.
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4. Strategic Plan.
The A&C committee will review the national ASAS strategic plan and will provide recommendations
how the WSASAS fits the strategic plan. The recommendations will be sent via e-mail to the
WSASAS President.

Academic Quadrathlon Report.
Dan C. Rule (University of Wyoming), chair

Committee Members:
J. Lamb (BYU-Idaho)
S. Soto-Navarro (New Mexico State University)
R. Wiedmeier (Utah State University)
H. Han (Colorado State University)

1. Location and date. The 2008 WSASAS Academic Quadrathlon was held in Laramie,
Wyoming on the campus of the University of Wyoming on April 25% and 26%.

2. Participating universities and teams. Four universities participated in the 2008 AQ: New Mexico State
University, Utah State University, BYU-Idaho, and the University of Wyoming. The teams and outcomes of
the event were as follows:

Team Event won by particular school
New Mexico State University Tied for 2™ in Oral Presentation
Advisor: Dr. Sergico Soto-Navarro 4% in Written Exam

4% in Quiz Bowl
4% in Laboratory Practicum

4t Overall
BYU-Idaho Tied for 2™ in Oral Presentation
Advisor: Dr. Jim Lamb 3 in Written Exam

3 in Quiz Bowl
2" in Laboratory Practicum

3 Overall
Utah State University 1st in Written Exam
Advisor: Dr. Randy Wiedmeier 1%t in Quiz Bowl

4% in Oral Presentation
3 in Laboratory Practicum

2" Overall
University of Wyoming 1stin Oral Presentation
Advisor: Dr. Dan Rule 1stin Laboratory Practicum

2" in Written Exam
2" in Quiz Bowl
Overall AQ Champion for 2008

Awards: The overall winning team (UW) was awarded belt buckles for each team member. The cost of the
award was shared by each of the four participating universities.

No books were available to award this year.

Advisor meeting(s): Participating advisors met briefly to discuss issues of future venue and strategies to
increase interest in the Academic Quadrathlon. At present, Randy Wiedmeier will contact the campus in
Cedar City, Utah about holding the Western Section AQ there. This will provide a more centralized location
for all teams currently participating.

Respectfully submitted,
Dan Rule
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Awards Committee Report.
R. Battaglia (University of Idaho), chair

Committee Members:
T. Engle (Colorado State University)
C. Mathis (New Mexico State University)
D. Bohnert (Oregon State University)
D. Zobell (Utah State University)
M. Tess (Montana State University)

Distinguished Teacher Award

Recipient: Dr. Paul A. Ludden
University of Wyoming

Sponsor: Elanco Animal Health

Nominator: Dr. Douglas L. Hixon

Young Scientist Award

Recipient: Dr. Min Du

University of Wyoming
Sponsor: Ridley Block Operations
Nominator: Dr. Douglas L. Hixon

Extension Award

Recipient: Dr. J. Benton Glaze
University of Idaho
Sponsor: Fort Dodge Animal Health
Nominators: Dr. Carl W. Hunt and Dr. Richard A. Battaglia

Distinguished Service Award

Recipient: Dr. David Ames
Colorado State University
Sponsor: DSM Nutritional Products, Inc.
Nominators: Dr. Dr. Jack Whittier and Dr. William R. Wailes

Awards Chair, Battaglia acknowledged successful efforts to garner nominations in all categories, and
encouraged early effort for 2009 nominations.

Applied Animal Science Award Report.

Graduate Student Paper Competition Committee Report.
A. Ahmadzadeh (University of Idaho), chair

Committee Members:
J. Rumph (Montana State University)
S. Soto-Navarro (New Mexico State University)
M. Shipka (University of Alaska)
B. Taylor (USDA-ARS, Dubois, ID)
L. Baumgard (University of Arizona)
K. Walburger (University of Saskatchewan)
K. Cammack (University of Wyoming)

For the 2008 WSASAS meeting 11 abstracts were originally submitted for the graduate student
competition. Nine abstracts were considered for the competition and full papers were submitted prior to
the dead line in April 2008. Nine graduate students representing six universities, including New Mexico
State Univ., Univ. of Wyoming, Oklahoma State Univ., Univ. of Idaho, Colorado State Univ., and Univ. of
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California, Davis are participating in the event.

The 2008 GSP committee consisted of eight judges, Bret Taylor, Janice Rumph, Ken Walburger; Kristi
Marie Cammack, Lance Baumgard, Sergioa Soto-Navarro, Milan Shipka, and Amin Ahmadzadeh. All
abstracts and papers were evaluated by all the committee members; however, due to the time conflict
and prior obligations two members (Janice Rumph and Lance Baumgard) are unable to attend the 2008
WSASAS meeting and evaluate the oral presentations. We felt that six judges are sufficient to evaluate the
oral presentation and thus no substitute was selected.

At the end of2008 WSASSA meeting two members, Amin Ahmadzadeh and Janice Rumph, will be
completing their three-year term and thus two new members should be identified to serve in this
committee. Janice Rumph has nominated Dr. Darrin Boss as her replacement. Dr. Boss is a ruminant
nutrition at the Northern Ag. Research Center for Montana State and has shown interest to serve in this
committee. If you have any individual who is interested to serve in this committee, please submit their
names.

As a new item, the GSP Competition Committee would like the WSASAS Executive Committee to consider
the following item. Based on the committee’s observations of students’ scores and ranking during

the last two years, the GSP committee recommends that the weighting scores of the written and oral
presentations to be changed so that more points should be considered for the oral presentation. The
rational and justification for such recommendation will be presented by the chair of this committee to the
ASASAS Executive Committee on Tuesday 6/24/08.

Extension Committee Report.
J. Ahola (University of Idaho), chair

Committee Members:
S. Paisely (University of Wyoming)
J. Paterson (Montana State University)
B. Bruce (University of Nevada — Reno)
J. Sprinkle (University of Arizona)
R. Kott (Montana State University)
C. Parsons (Oregon State University)

The Extension Committee for met via a conference call and generated a theme, topics, and speakers for

a symposium to provide WSASAS meeting attendees with information about development of successful
integrated research and extension programs. Topics included the availability of federal funds to support
integrated research-extension programs, an overview of a model integrated program, and new and unique
outreach methods to include in integrated programs.

2008 Extension Symposium Program

Wednesday June 25, 2008, 1:00 PM

Essential components for development, implementation, and evaluation of integrated research and extension
proposals submitted to the USDA National Research Initiative (NRI) Competitive Grants Program.

Paper presented by: Mark A. Mirando, Competitive Programs, Cooperative State Research, Education, and
Extension Service, Washington, DC

1:40 PM
New Mexico Range Improvement Task Force: An integrated team.
Paper presented by: Terrell “Red” Baker, New Mexico State University, Las Cruces

2:20 PM

Successful extension programming examples in Wyoming.
Paper presented by: Dallas Mount, University of Wyoming, Wheatland
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3:00 PM
Panel discussion: What factors are critical for an integrated research and extension program to be successful?
An interactive panel with discussion with USDA-NRI, extension, and research perspectives.

Beef Symposium Report.
J.B. Glaze (University of Idaho), chair

Committee Members:
B. Christensen (Virtus Nutrition)
R. Waterman (USDA-ARS Miles City)
T. Delcurto (Oregon State University)
T. Field (Colorado State University)
R. Endecott (Montana State University)

WSASAS Symposium Program:

Addressing High Input Costs in the Beef Cattle Industry: Striving for Greater Efficiency
WSASAS Beef Symposium
University of Wyoming, Laramie, WY
Tuesday, June 24, 2008
ARPAS: 4 CEUs

8:30 - 9:30 AM Registration

9:30 - 9:45 AM  Welcome and Introductions
Kenneth C. Olson, Department of Animal & Range Sciences, South Dakota
State University, WSASAS President
Douglas Hixon, Department Head, Department of Animal Sciences, University of
Wyoming
J. Benton Glaze, Jr.,, Department of Animal & Veterinary Sciences, University of Idaho,
WSASAS Symposium Chair.
9:45 - 10:30 AM The Beef Industry in Transition
Tom Field, Department of Animal Sciences, Colorado State University

10:30 - 11:15 AM  Matching Genetics with Feedstuffs in an Era of Increasing Feed Costs
Michael D. MacNeill, USDA-ARS, Miles City, Montana

11:15 - 12:00 PM  Fitting Feed Efficiency into the Beef Profit Equation
Gordon Carstens, Department of Animal Sciences, Texas A&M University

12:00 - 1:30 PM  Lunch

1:30 - 2:15 PM The Effect of High Input Costs on the Cattle Feeding Industry
Tom Brink, Five Rivers Ranch Cattle Feeding, LLC, Loveland, Colorado

2:15-2:30 PM Break

2:30 - 3:15 PM The Effect of High Input Costs on Cow-Calf Producers
Chip Ramsay, Rex Ranch, Ashby, Nebraska

3:15-4:00 PM Questions, Answers, and Discussion
Speaker Panel

WSASAS Beef Symposium — Webinar: The ASAS utilized the 2008 WSASAS Symposium as a test case for
presenting symposia as webinars. Webinar participants were required to pay the same registration fee
($85) as individuals registering the day of the symposium. Approximately 18 registrations were submitted
for the webinar, one of which was a group of approximately 12. Number of individuals participating via
the webinar was approximately 30.

XV



WSASAS Symposium Budget: (based on figures available 07/11/08)

Income

Registration (64 @ $65, 38 @ $85) $ 7390.00

National ASAS Office (2 @ $1,500) $ 3000.00

Webinar Revenue 223.08

Total $10,613.08

Estimated Expenses

Speaker Costs (Hotel, Mileage, Meals, etc.) $ 2,253.50
Symposium Breaks (100 @ $8.50, 125 @ $8.50) $1,912.50
Conference Room $ 1,000.00
AV Equipment/Services $ 500.00
Total Expenses $ 5,666.00

Nominating Committee Report.
T.T. Ross, chair

Committee Members:
J. Thompson (Oregon State University)
P. Hatfield (Montana State University)

Necrology Report.
T.T. Ross, chair, Past-President

The following members passed away since our last meeting in June 2007.

Dr. Tim Stanton, Colorado State University

Dr. Lee Baldwin, University of California, Davis

Dr. Eric Bradford, University of California, Davis

Dr. Ward William Repp, New Mexico State University
Dr. Borden Els, New Mexico State University

Dr. Bob Raleigh, Oregon State University

Let us always remember the friendships and contributions of our passed colleagues.

Dr. Mark Healy, Utah State University, and Roy Wallace, Select Sires, were not members but certainly
contributed to the Western Section in other meaningful ways.

2008 Meeting Report
G. Moss

Attendance at the Beef Symposium plus the annual meeting totaled 200 registered participants.
Abstracts for the annual meeting totaled 56 oral and 46 poster presentations.
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Financial Report

American Society of Animal Science Western Section
Financial Report Audited December 31, 2007

Balance as of December 31, 2007 63,813.37
Revenue and support

Donations - General 1,100.00

Donations - Awards 3,400.00

Donations = Symposium 6,280.00

Meeting Registrations 22,900.00

Ticketed Events

Proceedings 6,271.00

ASAS-Symposium Support 1,500.00

ASAS-Dues 1,130.00

Interest Income 2,479.77

Miscellaneous Income
Total Revenue and Support 45,060.77
Expense

Program 337.92

Call for Papers/Abstracts -

Awards/Plaques 5,117.51

Quadrathalon 2,600.00

Convention Fees 25,196.75

Proceedings 4,692.09

Postage/Supplies 77.12

Symposium Expense 2,541.28

Travel-Speaker -

Travel 493.86

Telephone -

Miscellaneous 1,510.00

Staff Support 3,652.24
Total Expenses 46,219.20
Net Revenue over Expense (1,158.43)
Balance as of December 31, 2007 62,654.94

Resolutions

1. Procedure for reviewing graduate student competition abstracts.
2. Altering the scoring system for the Graduate Student Competition

ASAS Reports

Dr. Mike Galyean, President ASAS, and Dr. Meghan Wulster-Radcliffe, Executive Director ASAS reported on
the state of ASAS and FASS.

New Business

Ken Olson passed the gavel to Dick Battaglia. Dick thanked Ken for his service to the section and
presented him with the past president’s plaque.

Meeting was adjourned at 9:00 am by President Battaglia.
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MAINTAINING BALANCE WHEN SHIFT HAPPENS

D. R. Ames
Department of Animal Sciences, Colorado State University, Fort Collins

Introduction

Congress responded to the needs of the people and
initiated the Land Grant Colleges when the Morrill Act
was passed in 1862. The Morrill Act designated land to
each state for the purpose of education in agriculture and
mechanical arts. The Hatch Act of 1887 that supports
research and discovery and the Smith Lever Act of 1914
that provides for outreach, i.e. extension, were added and
the Land Grant system was complete. The legidative
process took 52 years to complete but the result was a
balanced and comprehensive system that served
agriculture and the people who lived on the land. During
the recession of the 1920s and the collapse of the stock
market in 1929 the Land Grant system survived because
it continued to serve stakeholders. Extension was highly
valued in the post depression era and Willham (2008)
described major research successes such as artificia
insemination, animal breeding, and nutrition during this
period. Land Grant colleges (often designated A&M)
were balanced programmatically with teaching, research
and extension. Following World War |1 enrollment in
Land Grant colleges soared as many colleges dropped
the A&M designation and became universities. Concern
for “feeding the world” resulted in the green revolution
and the Land Grant University with their balance of
teaching, research, and extension flourished. Post war
globalization led to the addition of international
programs to the mix. College Deans and Department
Heads responded to stakeholders who became active
advocates and advisors for Colleges of Agriculture.
Animal Science Departments grew in student numbers
and in dature. For a more complete history of the
aforementioned changes see the pictoria higory of the
American Society of Animal Science (Willham, 2008).
The ability to change and yet maintain balanced
programs and responsiveness to stakeholders required
capable administrators as leaders that were diligent
supporters of the Land Grant mission.

This presentation will describe maor shifts and
responses to these shifts that have affected Animal
Science Departments during the past 30 years. Many
responses to the changing landscape have been positive;

some may have been negative. Only history can say for
sure. The “acid tet” for evaluating the impact of
decisions should focus on (1) improvement in service to
stakeholders (including students) and (2) compromising
program balance implicit to the Land Grant Mission.

A Lesson on Balance

In a speech to a group of fellow cattlemen relative
to management techniques that had added sustainability
and profit to his ranching operation, a rancher who was
not an accomplished speaker drew the attention of the
audience when he began by discussing balance.
Everyone in attendance had expected to hear about new
ways to use artificial insemination or methods to reduce
input costs, but his message did not refer to techniques.
Ingead, he discussed interactions with his banker,
nutritionist, veterinarian, extension specialist and family.
After considering all inputs, he finaized his decision by
incorporating a BALANCE of al advicee He was
successful in raising a family while paying bills and
purchasing the ranch. Never underestimate the lessons
learned from clientele.

Shifts That Have Happened

The University landscape changed dramatically
during the 1980s and 1990s. There were new
technologies, uncharted issues and new paradigms. Some
chdlenges facing the Land Grant system in general and
Animal Science Departments in particular during the past
three decades included the following.

Electronic Technology. Consider the fact that the
internet, email, word processing and a PC on every desk
only began in the 1980's and that rapid increases in
computer dependence did not happen until the mid
1990's.

Reduced Funding. Budget rescissions have become
commonplace. Most states reduced support in 1982 and
1986 and the impact of “911” and the recession of 2008
have caused serious reductionsin appropriated funds.

Demographics. Urban population in the West has
increased. Small acreages have increased and fewer



incoming students have hands-on experience with food
animals.

New Issues. All eras of food animal production have
dealt with issues. However, following the green
revolution (when concern for the capacity to produce
food diminished) many highly funded activist groups
now target the food anima industry. Many academic
units have devel oped programs that focus on food safety,
animal care and environment.

Palitics. The political scene has had an increasingly
greater impact on animal agriculture during the pagt 30
years. Professional societies, clientele groups and
universities now have PACs and/or lobbyists to liaison
with state and federal government.

Because of these issues, administrators have
responded with a variety of decisions. The challenge
should be to deal with difficult issues without losing site
of the goal: namely, to maintain balanced programs and
serve stakeholders.

Maintaining Balance When Shift Happens

Land Grant ingtitutions should be dynamic but the
principle of balanced teaching, research, and extension
programs to serve stakeholders must be maintained.
Strategic planning and change has been a popular theme
during the past three decades. We have witnessed
“change merchants’ in university administration that
jump on any bandwagon labeled as change. Change
amost became a competition among some
adminigtrators. In some cases, it appeared that there was
little concern for impact of decisons on maintaining
balanced programs and serving the best interests of
stakeholders. Dealing with the issues listed earlier
requires leadership with vision and understanding. It
requires leadership that considers input from students,
faculty, staff and most of al from stakeholders.
Administrative responses to shifts are described below.

Adopting electronic technology. Moving rapidly to
electronic communications in all phases of university
programs was not a choice; it was a mandate by society!
It happened quickly. The first year email addresses were
published in the Colorado State University (CSU)
Directory was 1992-93! Moreover, in a relatively short
time faculty, students, adminigrators, d<aff and
stakeholders now use electronic communications for a
multitude of purposes. We submit research reports,
search for research articles, enroll students, use Web CT
and deliver information to clientele on a regular basis
using electronic media. Classrooms are equipped with
computer terminals where instructors use PowerPoint™,
video and web generated teaching aids. Email is the

standard for letters and legal correspondence to students.
Electronic technologies appear to have improved
program balance and successfully served stakeholders.

Dealing with Reduced Funding. Funding reduction
is perhaps the most difficult issue faced by higher
adminigration. The general approach has been to
increase revenues by increasing research grants, tuition
and fund raising and to reduce costs wherever possible.
These approaches for solving fiscal problems all have the
potential to create imbalances in programs and
reductions in service to stakeholders.

With the recession of 1982, budget issues at CSU
were evident. In 1981 the Dean first imitated a switch
from 12 to 9-month appointments as a tool to buffer
budget cuts. Of course, administrators remained 12-
month employees! For Animal Science departments the
9-month appointment was first adopted at the University
of Illinois and true to form, many Deans jumped on
board. The origina sdling points were (1) less
opposition from academic departments across campus,
(2) that agriculture faculty would receive a 9-month
salary equal to their 12-month sadary and (3) more grant
dollars would result because faculty could increase
annual income with two additional month’s salary from
externa funds! However, many universities did not
convert from 12 to 9 with the same salary and extension
faculty were also an issue. In 1990, CSU held an Ag
Department Head's retreat to discuss a survey from 19
Land Grant universities relative to converting from 12 to
9-month appointments. Most of the 19 surveyed
universities' representatives did not support conversion.
Extension faculty and limits on the federal retirement
system, ability to serve stakeholders and finding summer
funding were the most common concerns listed.
However, by the mid 90s many new appointments at
CSU were 9-month. Currently CSU mandates 9-month
appointments for al new faculty in agriculture including
extension. Concerns with summer funding (after 2 years
of full funding) takes precedent over serving
stakeholders. This is understandable as they have
families to support. Anticipated increase in grant dollars
(and indirect cost recoveries) is the major factor now
driving the 9-month system. In atelephone survey of 10
WSASAS Animal Science Departments, only CSU
currently mandates 9-month appointments for all new
faculty although several reported a variety of
appointment types depending on source of funds.

Many of the changes that have occurred in the past
3 decades are based on increasing external grants and the
assumption that this will result in increased indirect cost
recovery. University adminigtration view indirect costs
(often-termed overhead or facility and administration



costs) as “free money” or “profit” that they can use to
meet budget shortfalls or use to fund special initiatives.
However, indirect costs do not represent profit. Instead,
indirect costs are the audited real costs of doing research.
The University is required to develop an indirect cost
rate schedule that is submitted to the Department of
Health and Human Services (DHHS) for review. The
DHHS is the federal agency that audits costs and works
with Universities to establish rates. Typical indirect cost
rates negotiated with DHHS are 45-50% but the record
of recovery in many universities is often less that 20%.
This low recovery rate is particularly true for
Departments of Anima Science where clientele
organizations and USDA grants mandate zero or indirect
cost rates lower than the 45-50% negotiated rates. Which
adminigrative units on campus pay the difference in the
audited cost rate and the actual recovery rate? It is safeto
assume that departments who conduct the research often
pay much of this difference. It has been suggested that
since full indirect costs are not being recovered that
funded research may actually increase university budget
problems. The possibility of tuition dollars being used to
support research has sparked spirited debate. Lehming
(1997) addressed this issue from the National Science
Foundation perspective and found that indeed the
shortfall in indirect recovery could force other university
resources (including student tuition dollars) to cover
research costs. Grossman and Leroux (1996) cited a
study in Rhode Idand that questioned therole of research
in tuition increases and Straayer (2008) contends that the
CSU administration “spent instructional funds to scout
for research money” and has “driven up tuition and fees
and relied heavily upon instructiona funds to expand
non-instructional ventures”.

A relatively new expectation of new faculty is to
receive start-up monies. In therecent past, availability of
computers, laboratories, livestock and equipment were
provided. Now $200,000 packages for new faculty are
common and figures as high as one million dollars have
been reported. Has anyone calculated the payback? For
example, assume actua indirect cost recovery is 18%
and the departmental unit receives 22% of the indirect
costs recovered which would be typical values for a
Western Land Grant University. That is about 4% cost
recovery at the departmental level. Using this scenario,
new faculty would have to generate $5 million to recover
a start-up fund of $200,000. Because of relatively low
indirect cost rates permitted by clientele organizations
and USDA it would require even higher levels of funding
to recover gstart-up funds. This is only an example and
often a portion of start-up monies are from centra
sources. However, al dollars could have been used to

support other programs so it is fair to question the impact
of using available funds for start-up packages designed
to increase extramural research. Does this practice
enhance program balance and do stakehol ders benefit?

The difference between |eadership and management
may be defined as follows. Leadership is setting a new
direction or vison for a group to follow, whereas
management is controlling or directing people and
resources in a group according to established directions.
Deans and other administrators are expected to be strong
leaders. Recently, Deans (in at least some universities)
have assumed expanded roles as managers. For example,
the Dean centralizes accounting activities in the Dean’'s
office at CSU for more direct and central management.
Moreover, accounting <aff are more involved in
programmatic decisions. At CSU centralization of all
business activities in the College Dean’s office was
adopted to “improve efficiency” but the result is a 63%
increase in accounting staff in the college as a whale.
Administrators have replaced faculty in decisions on
position needs and hiring decisions. It is obvious that
Deans prefer candidates with a record of success in
extramura funding and these preferences are evident in
position announcements. Faculty annual evaluation,
promotion, and tenure documents aso emphasize
evidence of extramural funding with less emphasis on
teaching and extension, which amost certainly damages
balance. In some Animal Science Departments, the Dean
now controls and manages livestock units. Most colleges
report increased commitment to fund raising, which may
be necessary, and an important component of covering
shortfalls in appropriations. Deans should be leaders not
managers.

In summary, there is no doubt that the level of
reduced funding dictates change. Clearly, higher
adminigtration has emphasized extramural funding in
order to increase indirect cost recovery and with the hope
of offsetting budget shortfalls. There are digtinct
advantages of securing extramural funds including
enhanced graduate training and information discovery.
However, emphasis on external grants and indirect costs
recovery may erode balanced teaching, research and
extension programs, which compromises the Land Grant
Mission and diminishes the focus on serving
stakeholders.

Demographics. According to U.S. Census data, there
has been a steady shift toward urban from rura
populations in the western states. There are more small
acreages and consumers of food products have become a
focus of agricultural programming. Our stakeholders are
no longer limited to production agriculture but have
expanded and now include many who do not make a



living from agricultural enterprises. For example, with
issues dealing with food safety consumers are now
stakeholders and farms operations with less than $10,000
annual sales are increasingly more important. Student
demographics in anima sciences have changed
dragtically in the past three decades (Hallford, 2003).
Reduced funding combined with expanding and more
diversified stakeholders are chalenging problems but the
science-based information we provide does not vary.
Animal Science Departments have met the challenge by
adapting systems of delivery to an expanded clientele.

New issues. Anima science programs
throughout the West have changed. For example, CSU
hired Dr. Temple Grandin in 1990 to provide expertise in
animal care, developed the Center for Red Meat safety in
1992 and recently added a new faculty member in
livestock waste management. These types of shifts in
expertise are evident in many Universities. Clearly,
Animal Science departments have responded to our
increasingly varied stakeholders by adding new
programs and expertise.

Palitics. The typical anima scientist does not
enjoy poalitics except to complain when politica
decisions have a negative impact on animal agriculture.
Fortunately or unfortunately (depending on your point of
view) our profession has become highly involved in the
political process during the past three decades. For
example, most clientele organizations have Political
Action Committees (PACs) and lobbyists in Washington.
Universities employ lobbyists and our professional
society has focused on the “Washington Scene” since the
early 1990's. Much of the political activity has dedlt with
appropriations but the increase in highly funded activist
groups is an area we have dealt with by providing
science-based information. It is difficult to measure
political success. Animal agriculture has lost funding,
government regulations have increased and a multitude
of inaccurate clams about the food we produce exists.
However, what would have happened without influence

in Washington? As dated in the movie Young
Frankenstein “1t could have been worse!”

Summary

Dr. James Meyer, animal scientis and former
president of University of California, has written a white
paper (Meyer, 2000) dealing with the Land Grant
University. He recognizes the challenges facing the Land
Grant system but in a series of recommendations calls for
strong and consistent leadership (he believes the College
Dean is pivotal) that maintains balanced roles of
teaching, research and extenson with a goal of serving
stakeholders. An analysis of decisions made during the
1980-2010 time period will require a retrospective view
and should be scheduled for the 2020 WSASAS mesting.
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EFFECT OF RU486 ON DEVELOPMENT OF SEXUAL BEHAVIOR, TESTOSTERONE SECRETION, AND
EXPRESSION OF ESTROGEN RECEPTOR - § IN TWIN-BORN MALE LAMBS
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Department of Animal Science, University of Wyoming, Laramie, Wyoming

ABSTRACT: Progesterone influences the development
and expression of male sexual behavior in rodents and may
be important for the expression of sexual behavior in rams.
Masculinization and defeminization of the central nervous
system in sheep occurs around d 60 to 70 of pregnancy. A
second phase of testosterone-responsive sexual development
occurs at 6 to 8 weeks of age in ram lambs. The objective of
the current experiment was to determine if adult sexual
behavior is influenced by progesterone during the second
phase of testosterone responsive sexual differentiation. Twin
born male lambs (n = 10) were used in this study. One lamb
from each pair was treated with 10 mg of the progesterone
receptor antagonist RU486 (n = 5), and his co-sibling was
treated with an equal volume of vehicle (n = 5) twice daily
from 4 to 8 wk of age. Serum concentrations of testosterone
were decreased (P = 0.06) in RU486 treated rams at 9 mo,
but did not differ (P = 0.5) at 18 mo of age. Investigatory
behavior at 9 mo of age was decreased (P = 0.03) by RU486
treatment at the first exposure to estrous ewes, but
consummatory behavior did not differ (P > 0.24). By 18 mo
of age sexual behavior was not (investigatory P= 0.6,
consummatory P = 0.4) influenced by treatment. Expression
of steroid receptors was evaluated in hypothalamic and
amygdala tissues collected at 18 mo of age. Amygdala
expression of estrogen receptor-p tended (P = 0.06) to be
increased in RU486 treated rams. Hypothalamic expression
of progesterone receptor (PR), estrogen receptors-o —f, and
androgen receptor did not differ (P > 0.3) among treatments.
Sexual behavior is highly variable in males of all species.
Blocking the PR during postnatal sexual development
decreased sexual behavior when adolescent rams were first
exposed to estrous ewes. Subsequent behaviors may be a
result of an incomplete inhibition of the PR during
development or increased positive stimuli provided by the
rewarding aspects of sexual behavior.

Introduction

The profitability of any commercial sheep operation is
dependent upon reproductive efficiency. Fitzgerald and
Perkins (1993) stated that the incidence of sexually inactive
rams ranges from 16 to 25% in the ram flock at the U.S.
Sheep Experiment Station. In most populations of animals,
sexual selection is based on the ability of males to gain
access to and inseminate females. Males that have relatively
poor libido or mating competence leave fewer offspring for

future generations (Price, 1987). However, many animal
producers tolerate slow- performing males as long as they
eventually impregnate a reasonable percentage of females.
Price (1987) suggested that, if tested, the number of rams
culled due to mating behavior deficiencies would be as
significant as the numbers currently culled for poor semen
quality or physical limitations. Typical breeding practices
utilize limited numbers of males to inseminate large
numbers of females. Therefore, it is critical that libido
(sexual interest or motivation), mating competence (ability
to inseminate females), and fertility (semen quality) of males
is adequate to insure reproductive success. Libido in rams is
highly variable and is influenced by developmental (Roselli
et al., 2003) and environmental (Price, 1987) factors.

The facilitory and inhibitory effects progesterone exerts
on female reproductive behavior are well documented
(Blaustein and Erskine, 2002). Progesterone is a precursor
for both androgen and estrogen synthesis. In the male,
androgens are necessary for the development of secondary
sex characteristics and testosterone is considered the primary
male sex hormone. However, the role of testosterone in the
expression of male-typical behavior may be overstated since
there is little correlation between plasma testosterone
concentrations and male behavior (Andersen and Tufik,
2006).

Outside of its role as a precursor for androgen synthesis,
the physiological significance of progesterone in the male is
not well understood. Sexual differentiation in sheep occurs
from approximately d 30 to 100 of the 145-d gestation
(Short, 1974).The progesterone-receptor is upregulated in
the hypothalamic-preoptic area (HPOA) and amygdala
(AMYG) of male fetuses compared to female fetuses during
brain sexual differentiation (Roselli, et. al., 2006) and may
play a role in the development of central pathways necessary
for the expression of adult sexual. A second phase of
testosterone-responsive sexual development occurs in male
sheep at 6 to 8 weeks of age (Orgeur and Signoret, 1984).
Although expression of progesterone receptor in the sheep
brain has not been evaluated during this neonatal
developmental period, progesterone acting through its
receptor may affect the expression of adult sexual behavior.

The current study examined the effect of blocking the
progesterone receptor during post-natal differentiation on the



development of adult male sexual behavior and testosterone
secretion.

Materials and Methods

Animal care and use was approved by the University of
Wyoming Animal Care and Use Committee. Twin born male
lambs (n = 10) 4 wk of age were used for this study. One
sibling of each pair was treated with 10 mg of the
progesterone receptor antagonist mifepristone (RU486; n =
5) and its co-sibling was treated with an equal volume of
vehicle (n = 5) twice daily from 4 to 8 wk of age. At the end
of the treatment period, lambs were weaned and fed a
forage-based diet which supported moderate growth for 7
mo.

Rams were individually exposed to two ewes in estrus on
three occasions at 9 and 18 mo of age. Behavior was
monitored by digital camera for 30 minutes during each
exposure period. Behaviors were quantified and classified as
investigatory (ano-genital sniffs, flehmen, fore-leg kick, and
nudge) and consummatory (mount attempt, mount, and
ejaculation).

Ovariectomized ewes were induced into estrus with a 14 d
exposure to progesterone using an intravaginal progesterone
release device (CIDR) containing 0.3 g progesterone
(InterAg, Hamilton, NZ). Following CIDR removal, ewes
were treated daily with 50 pg of estradiol (i.m). Estrus was
evident by 48 hr following initial estradiol treatment.
Receptive behavior was maintained for five days by daily
treatment with estradiol. Estrous behavior was confirmed by
mature rams with known breeding competence.

Blood was collected by jugular venipuncture at 9 and 18
mo of age for analysis of serum concentrations of
testosterone. Concentrations of serum testosterone were
determined in a single radioimmunoassay. Antibody coated
tubes and radiolabeled testosterone were purchased from
Diagnostic Products Corporation (Los Angeles, CA).
Standards were prepared by serial dilutions of a stock
solution in charcoal treated whether serum. Assay tubes
were incubated at room temperature for 4 hours. Intra-assay
coefficient of variation was <10%.

Rams were killed at 18 mo of age and brains were
removed from the ram’s cranium and dissected using
surface landmarks. The hypothalamus was separated into
the preoptic area (HPOA, hypothalamic tissue dorsal to
the optic chiasm) and vental medial hypothalamus
(VMH, tissue posterior to the optic chiasm and anterior
of the mammillary bodies and dorsal to the roof of the
third ventricle). The amygdala (AMYG) consisted of
tissue from the ventromedial temporal lobe with
approximately the same rostral caudal dimension of the
hypothalamus containing entorhinal cortex as well as the
major cortical, medial and basal amygdaloid nuclei.
Tissue was maintained at -80°C until RNA extraction.

RNA Isolation. Samples of brain tissues (100 mg) were
homogenized in 1 mL of TRI reagent, incubated for 10 min

at room temperature and centrifuged for fifteen minutes at
4°C. The aqueous layer was mixed with 0.5 mL of
isopropanol and the RNA was pelleted by centrifugation.
The RNA was further purified using an RNeasy kit from
Qiagen with on column DNase digestion.

Real-Time PCR. RNA was converted to cDNA using the
IScript cDNA synthesis kit from Biorad. Fifteen puL of
master mix consisting of 12.5ul of SYBR green supermix
(BioRad), 1uL each of forward and reverse primer and 0.5
puL water were added to 10 ul cDNA and the 1Q5 was
programmed to run 40 cycles of 95°C for 30 sec., 60°C for
30 sec followed by melting curve analysis. Primer pairs were
designed for androgen (AR), estrogen (ERa and ERp) and
progesterone (PR) receptors using PRIMER 3 software with
GAPDH as an internal reference gene.

Statistical Analysis. Behavior expressed at 9 mo of age
was summarized as investigatory and consummatory and
analyzed using GLM methods of SAS (Ver. 9.1, Cary,
NC). Effect of treatment was tested as the main effect
with time and treatment by time interactions tested as
subplot effects. Animal within treatment was used as the
error term for treatment effects. Due to absence of
normal data from rams at 18 mo of age, non parametric
NPARIWAY methods of SAS (Ver. 9.1, Proc Cary,
NC) were used to analyze expression of AR, ER and PR
receptors in brain tissues and concentration of serum
testosterone . A paired T-test was used to determine
treatment effects on behavior at 18 mo of age.

Results

Expression of investigatory behavior at the age of 9 mo
was decreased (P = 0.03) in RU486 treated rams compared
to control rams at the first exposure to estrous ewes (Fig.1),
but not (P > 0.4) in subsequent tests. Consummatory
behavior did not differ (P > 0.24) among treatment groups at
any observation. By 18 mo of age, sexual behavior was not
(P >0.4) influenced by the treatment.

Serum concentrations of testosterone at 9 mo of age were
greater (P = 0.06) in control rams than rams treated with
RU486 (Fig. 2), but differences in serum concentrations of
testosterone were not evident (P = 0.5) at 18 mo of age (Fig.
3).

Expression of mRNA levels for AR, PR and ERa did not
differ at 18 mo of age among control and RU486 treated
rams. Amygdala expression of ERB, however, tended to be
greater (P = 0.06) in RU486 treated rams than control rams

(Fig. 4).
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Figure 1. Relative expression of investigatory behavior

at 9 mo of age in control and rams treated with RU486
from 4 to 8 wk *(P = 0.03).

Testosterone level ng/ml

L
i)

[

—
]

=2
L

3

25 4
- *
0

Control RU486

Figure 2. Serum concentration of testosterone (ng/mL)

at 9 mo of age in control and ram lambs treated with
RU486 from 4 to 8 wk *(P = 0.06) .
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Figure 3. Serum concentration of testosterone (ng/mL)
at 18 mo of age in control and ram lambs treated with
RU486 from 4 to 8 wk *(P = 0.5).
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Figure 4. Relative expression of AMYG estrogen-3
receptors at 18 mo of age in control and ram lambs treated
with RU486* (P = 0.06).

Discussion

In the present study, RU486 treated rams tended to have
increased amygdale expression of mRNA for ER-B in the
amygdala than control rams. This increased expression of
ER-B may be a result of alterations in ER-B during the
postnatal period of sexual differentiation induced by
exogenous RU486 treatment. The Role of the two major
isoforms of estrogen receptor has been studied in the
differentiation of mouse sexual behavior. Expression of ER-
o is necessary for differentiation of normal reproductive
function (Shughrue, et. al., 1997). Estrogen receptor— is
expressed in discrete nuclei of the hypothalamus and does
not appear to be necessary for normal reproductive function
(Hewitt and Korah, 2003). However, defeminization of male
behavior in mice is influenced by expression of ER-$. Male
mice lacking functional ER-B show increased expression of
lordosis behavior than wild type males, but differences in the
expression of male sexual behavior was not noted (Ogawa,
et al., 1999; Kudwa, et. al., 2005).

In this study, testosterone production was reduced in
RUA486 treated male lambs at 9 mo of age but not at 18 mo
of age. Treatment of RU486 may have delayed attainment of
puberty in treated lambs through blocking the progesterone
receptor in the testes. Although minimal amounts of
testosterone are require to stimulate mounting behavior in
sexually experienced males (Andersen and Tufik, 2006), a
minimal threshold of testosterone may be required to initiate
sexual behavior in sexually naive males. Therefore the
reduced production of testosterone in RU486 treated males
may have inhibited initial sexual investigation of estrous
ewes at 9 mo of age.

Conclusion

Blocking the PR during postnatal sexual development
decreased sexual behavior during the initial exposure of
rams to estrus ewes. Expression of subsequent behaviors
may be a result of an incomplete inhibition of the PR during
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development or increased positive stimuli provided by the

rewarding aspects of sexual behavior.
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THE SELECTION VALUE OF PATERNITY INFORMATION ON CALVES DERIVED FROM MULTISIRE
BREEDING PASTURES ON COMMERCIAL COW-CALF RANCHES
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ABSTRACT: The objective of this study was to examine
the costs and benefits associated with deriving on-ranch
weaning weight (WW) expected progeny differences (rEPD)
using first calf crop performance data and DNA-based
paternity designations. Paternity assignments for two
consecutive calf crops were made for bulls present in
multisire breeding pastures using a 99 SNP panel. The
number of calves per sire varied from 0% to 96% of the
calves in a pasture. Prolificacy in one year was not always
predictive of prolificacy in the second year, even when sire
groups remained unchanged. Calf WW data was used to
calculate rEPD for 30 Al and ranch Angus sires. Because
some bulls sired only a few offspring (range 0-26), the
accuracy of their rEPD was correspondingly low. The
American Angus Association (AAA) WW EPDs of the young
herd bulls on this study averaged 17.6 kg (£2.1) and ranged
in BIF accuracy from 0.05 to 0.25. The WW rEPD ranged
from -11.0 to 10.0 kg (SD +3.7) and BIF accuracies ranged
from 0.03 to 0.42. The correlation between the AAA EPDs of
well-proven Al sires and rEPDs was high (R* = 0.65),
whereas the correlation between the low accuracy AAA EPD
and rEPD for unproven ranch bulls was low (R* = 0.06). A
simple economic analysis was performed by simulating the
costs and benefits associated with the sale of a low WW
rEPD terminal sire, based on his first calf crop progeny test
by which time he would have sired a second calf crop as WW
data are not available until after the breeding season, and his
replacement with an average young sire for the remaining
three breeding seasons. Assumptions included a) Bull: cost
$2,500, 25 offspring per year, present for 5 breeding seasons,
salvage value $900; and b) Calves: weaning sale weight 272
kg+ bull’s on-ranch EPD at $2.27/kg, and genotyping cost of
$20 per calf for the first year’s calf crop. It was estimated that
culling the low rEPD bull at the completion of the progeny
test would have a positive cost:benefit ratio if the WW rEPD
was < -16.7 kg. Selection based on WW rEPD would not
have had a positive cost:benefit ratio for any of the 30 bulls
on this study.

Key Words: on-ranch EPD, paternity testing, economic
analysis

Introduction

Commercial herd bulls are a dead end from the
standpoint of genetic evaluation. Although considerable
variation exists in the genetic merit of young bulls with low
accuracy expected progeny differences (EPDs), there is
typically no way to improve this accuracy as breeding takes
place in multisire breeding pastures to eliminate open cows
due to sire failure. This precludes any evaluation of on-ranch
progeny performance. DNA markers provide an approach to
resolve the paternity of offspring produced in multisire
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breeding pastures, and this can be used to determine the
genetic worth of herd bulls through on-ranch progeny
testing (Van Eenennaam et al., 2007; Pollak, 2005).

A typical breed association EPD on young
animals has a Beef Improvement Federation (BIF)
accuracy of 0.05, although this is dependent upon the trait
and whether an animal’s own record is available.
Paternity testing offers an approach to improve the
accuracy of EPDs for any trait for which measurements
are available through the development of on-ranch EPDs
(rEPD), and possibly development of genetic estimates
for traits which are not routinely measured by the
seedstock sector. This approach has seen wide adoption in
New Zealand where 20% of the ram breeding industry
and 30% of the deer industry are now developing rEPDs
based on DNA-based progeny assignments (McEwan,
2007). Perhaps most importantly, rEPDs offer an
approach to identify which bulls are producing offspring
that are best suited to the physical environment and
commercial management conditions that are uniquely
associated with each ranch operation.

There are data collection, animal identification,
and genotyping costs associated with progeny testing and
the development of rEPDs (Pollak, 2005). Provided
selection decisions are not delayed to obtain progeny test
results, genetic gain will be increased if the improvement
in accuracy resulting from rEPDs enables better selection
decisions. However, any change in management needs to
be assessed from an economic perspective. Three studies
have examined the economics of progeny testing on
commercial cattle ranches. DeNise (1999) reported that
the development of rEPDs from progeny testing was not
profitable when considering post-weaning gain, whereas a
simulation study found developing rEPDs for sale weight
resulted in a positive return on investment under certain
circumstances, such as the use of the same bulls in both a
fall and a spring cow herd (Weaber, 2005). Likewise, it
was concluded that there was a positive benefit-cost ratio
when paternity information was used to cull 20% or more
of the unproductive bulls (Gomez-Raya et al., 2008).
These three papers used very different approaches and
assumptions in their economic analyses.

Cow-calf producers cannot easily quantify the
likely difference in future profit from using alternative
bulls. A bull “selection by simulation” decision support
tool (http://dss.ansci.iastate.edu; accessed 3/31/09) has
been developed which predicts the expected phenotypic
performance of offspring for a small portfolio of user-
selected bulls (Garrick and Golden, 2008; Garrick, 2005).
Phenotypes are then used to predict revenues and costs,
including feed requirements, and present the user with an
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estimate of the relative revenue and cost information
associated with the use of each candidate bull. The objective
of this study was to use this decision support tool, in
conjunction with field data derived from a cow-calf
operation, to examine the costs and benefits associated with
deriving on-ranch weaning weight (WW) expected progeny
differences on terminal sires using weaning weight data from
a single calf crop, and DNA-based paternity designations.

Materials and Methods

Animal and ranch operation. The field study data was
collected from the UC Davis commercial cow-calf herd
housed at the Sierra Foothills Research and Extension Center,
Browns Valley, California. Herd size is typically ~300 cows
and cows calve during the fall months (September through
November). Cows are bred in the winter months and all bulls
passed a breeding soundness examination (BSE) by a
licensed veterinarian prior to the breeding season. At calving,
birth date, weight and dam ID are recorded, and a DNA
sample is collected. At approximately seven months of age
calves are weaned, weighed and a unique -electronic
identification device (EID) tag is assigned. Two to four herd
bulls per breeding pasture were used and data was collected
over a three year period 2006-2008. Weaning weight data
was available on two of the calf crops. Some of the cows in
this research herd were bred using A.L., and so the average
number of open cows available per herd bull in this study was
lower than is typically seen on Western ranches where a 25
cow:bull ratio is common. Bulls remained with the cows for a
90 day breeding season.

DNA samples were genotyped with 62 (2006), or 99
(2007, 2008) single nucleotide polymorphism (SNP)
parentage panels (Igenity, Duluth, GA), and genotyping
results were used to match potential sires to their true
offspring. The calves sired by each bull in its breeding group
was expressed as a proportion of that expected if all bulls in
the pasture sired an equal number of progeny (e.g. expect
0.33 of the progeny to be sired by each bull if there were 3
bulls in the breeding group) for the three years of the study
(Figure 1).

A genetic evaluation of 519 weaning weight records
from two cohorts of progeny, sired by 23 herd bulls and 7 Al
sires, born in Fall 2006 and 2007 was carried out using a
maternal effects model of the form y = Xb + Zu + Z,u,, +
Z,u, + e, where y is a vector of weaning weight records
adjusted by days of age at wean; X, Z, Z,, and Z, are
incidence matrices relating observations to fixed effects,
direct genetic effects, maternal genetic effects, and permanent
environmental effects; b, u, uy, and u, are vectors of fixed
effects, direct genetic effects, additive genetics effects on the
dam of each individual, and nonadditive and permanent
environmental effects due to the dam; and e is a vector of
residuals. The fixed effects used in this model were year, sex
and dam age (classified as 2, 3, 4, 5-10, and 11+ years of
age). Heritabilities used were 0.25 and 0.10 for direct and
maternal effects, respectively. The proportion of variance due
to permanent environmental effects was assumed to be 0.05.
Mixed model equations were solved using the MTDFREML
package (http://aipl.arsusda.gov/curtvt/mtdfreml.html;
accessed 3/31/09).
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For the economic analysis, the cow-calf decision
support software (http://dss.ansci.iastate.edu) was used to
determine the value of one unit increase of WW EPD
assuming a terminal sire breeding system (i.e. no
replacement heifers kept). This was done by selecting the
herd input values outlined in Table 1, and selecting the
“Terminal Sire” breeding system. The cow genetics tab
was set to “Zero EPDs” which sets all cow herd EPDs to
zero. The status quo income, costs and capital value of the
herd was then displayed by selecting the proceed button.
To determine the value of selecting a bull with a one unit
increase in weaning weight EPD, “Bogus” was entered as
sire selection from the “Search Among” drop down menu,
and then “Relative Economic Values” was selected from
the “Type” drop down menu. The “Bogus” bulls are not
real bulls, but represent information that can be useful to
model the effect of changing the value of specific EPDs.
Upon activating the “Select Bulls” button, a series of
“bogus” bulls appeared. At this point the “REV WW”
(relative economic value of WW) bull was selected (+1.0
WW EPD) along with the “REV Base” bull which is a
bull with the value of 0 at all EPDs i.e. effectively the
same genetics as cow herd. Selecting the “Calculate
Perturbed Results” button resulted in an estimation of the
added annual income resulting from use of the REV WW
terminal sire. The value of one kilogram of WW EPD was
valued at ~$42 per year.

In our simple model we considered the cost of
DNA testing to be ~$500/bull (25 calves x $20/test) and
of culling a bull based on a poor resultant WW rEPD, and
then purchasing an average young sire to take his place
for the 3 breeding seasons that the original bull would
have been present in the herd. The breakeven in this
scenario was when the loss in the weaning weight from
the inferior bull for breeding seasons 3-5 equaled the cost
of the genotyping his first calf crop and purchasing the
new bull, minus the salvage value of the cull bull. We
calculated that to be when the inferior bulls WW rEPD
was < -16.7 kg. If only steers were genotyped
(~$250/bull), then this value would drop to < -14.7kg.

Table 1. Production, management, and economic input
values used for the simulated base herd

Model Parameters Value
Herd size 300
Calving Rate 90%
Calf survival 95%
Mature weight 544 kg
Yearling weight 352 kg
Weaning weight 272 kg
Cows per bull 25
Maximum cow age, year 10
Incremental cow costs ($) 25
Heifer price ($) 2.11/ kg
Cow price ($) 1.11 kg
Calf price ($) 2.27/ kg
Bull price ($) 2,500
Years of service 5
Salvage Value of cull bull ($) 900



http://aipl.arsusda.gov/curtvt/mtdfreml.html
http://dss.ansci.iastate.edu/

Results and Discussion

Calves were either assigned to a single sire (n=582),
or were excluded from all sire candidates (n= 54). When
using the 99 SNP panel in 2007/8, which has an exclusion
probability (Pg) of 0.99999, over 95% of calves were
assigned to a single sire. Large differences in calf output,
ranging from 0 to 26 calves per bull per year, were observed
(data not shown). Contrary to other studies (DeNise, 1999;
Holroyd et al., 2002), there was no consistent trend in
proportion of calves sired by a bull in multiple years (Figure
1). However, unlike those studies, the mix of bulls in
breeding groups was rarely the same each year in this study,
and that may explain the low repeatability of calf output
observed in this data. The unpredictably small number of
calves sired by some bulls was problematic from the
perspective of developing accurate rEPDS. Additionally,
these bulls were generating less revenue than was predicted.

Weaning weight rEPDs varied from -11.0 to 10.0
kg, whereas the AAA WW EPDs had a range of 13.1 kg for
Al and natural service bulls, and only 6.3 kg for Angus herd
bulls. The average accuracy of WW rEPD in this study was
0.24. Tronically, this is approximately the accuracy of breed
association WW EPD when a bull’s own weaning weight
record is included in the WW EPD calculation.

According to the simple economic analysis
presented in this paper, the development of WW rEPDs
would not have been cost effective for any of the 30 bulls
examined in this study. There are a number of additional
considerations that were not addressed in this very simple
analysis. Perhaps most importantly, the costs involved with
genotyping bulls with average or superior WW rEPD were
not addressed. There is no way to a priori select calves from
only the potential culls. Genotyping a subsample of calves
with extreme phenotypes (i.e. those with values in the tails of
the normal distribution) could provide more information,
(Goddard and Goddard, 1997), and be an approach to
decrease the cost of genotyping (DeNise, 1999). However,
this relies heavily on accurate adjustment factors for calf birth
date and age of dam, and it might be difficult to make these
adjustments on the fly at weaning. Genotyping progeny of
only one sex may be a valid approach to decrease genotyping
costs, although in this study it would have further decreased
the accuracy of rEPDs from bulls with few progeny. The
analysis also did not take into account the fact that the young
replacement bull purchased would be available for an
additional two years of service in the herd. The economic
analysis would be different in self-replacing herds because
less offspring would be harvested each year, and the genetic
merit of the cow herd would increase annually. As a result,
the harvested offspring would exhibit twice the rate of
improvement that would occur in a terminal sire system.

Implications

The costs involved in developing rEPDs on
commercial ranches must be outweighed by a resultant
increase in performance and revenues. It seems likely that
deriving value from additional phenotyping for economically-
relevant traits (e.g. heifer pregnancy) for which breed-based
EPDs are currently unavailable would be required to make
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the development of rEPDs cost-effective for genetic
improvement on commercial cow-calf ranches. The
decision support software used in this analysis is a useful
tool to predict the difference in future profit associated
with alternative bull selection decisions.
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Figure 1. Sire prolificacy of herd bulls with calves in more than one year expressed as a proportion of expected (1.0; dashed
line) based on the number of bulls present in multisire breeding pastures. Parentage was determined by SNP analysis of DNA
from progeny and sires. All bulls were Angus except for the two marked with an asterisk (*) which were Horned Herefords.
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ABSTRACT: The growth endocrine axis influences
reproduction. A QTL associated with enhanced ovulation
exists on chromosome 5 in cattle and there are 6 genes
underlying this region involved in the mechanisms of GH
action. Resequencing exons, 5" and 3' untrandated regions
and conserved non-coding regions of these genesin amullti-
breed resource population revealed 75 SNP usable for
genotype to phenctype association studies. In the current
study, phenotypes included age at first calving, calving
interval, days to calving, and pregnancy rate. Data were
collected from developing heifers (n = 650) of a dialee
composed of Angus, Brahman, and Romosinuano breeds. A
SNP in the promoter of the signal transducer and activator
of transcription (STAT)2 gene, which is a second
messenger of GH, had minor alele frequency > 10% across
the three breeds. This SNP did not deviate from Hardy-
Weinberg equilibrium (X* = 1.00, P > 0.31), so deemed
useful for genotype to phenotype association analyses.
Since the remaining SNP appeared to predict breed, they
were used to correct for population stratification using
STRUCTURE, which revealed three distinctive ancestral
clusters. No significant association was detected between
the STAT2 genotype and reproductive traits in mixed
effects analyses using genotype as a fixed term, sire as a
random term, and coefficient of ancestry as a covariate;
however, the interaction of SNP genotype and ancestral
cluster was associated with the traits days to calving (P <
0.05) and calving interval (P < 0.10). Interaction plots
revealed a higher estimated effect of heterozygous genotype
in cluster 1 (inferred primarily from Brahman) and lower
estimates in clusters 2 and 3 (inferred primarily from Bos
taurus). The heterozygous genotype extended these trait
levels ~100 d. A SNP in the promoter of the STAT2 gene
was associated with fertility trait levels in admixed cows of
the breeds Angus, Brahman, and Romosinuano. The effect
appeared to be a non-additive genetic reationship as
heterozygous genotype extended levels of traits indicative
of postpartum rebreeding.

Key Words: heifer, reproduction, SNP genotype.

Introduction

Components of the GH/IGF axis play important
roles in reproductive processes, such as folliculogenesis,
steroidogenesis, and embryonic development. Growth
hormone acts through its receptor (GHR) to increase
hepatic secretion of IGF-1 as a consequence of activating
cell signaling pathway proteins (Lucy, 2008).

A QTL associated with ovulation and (or)
twinning in cattle exists on chromosome 5, and the IGF-1
gene underlies this region (Allan et a., 2009; Kim et a.,
2009). There were other genes underlying this QTL known
to be invalved in the GH/IGF axis, suggesting these genes
may also be regulators of fertility.

Brahman cattle are typically slower to reach sexual
maturity compared to most Bos taurus breeds (Lopez et al.,
2006). Objective herein was to evaluate associations of
genotypes from SNP derived from candidate genes of the
GH/IGF axis with reproductive phenotypes of beef heifers
from the breeds Angus, Brahman and Romosinuano.

Materialsand Methods

Genes and SNP Discovery

Genes in the GH/IGF-1 endocrine axis from a 23
Mb QTL-region of bovine chromosome 5 were identified
on the GenMAPP diagram of Farber et a. (2006). These
genes were IGF-1, IGFBP6, Pro-Méanin Concentrating
Hormone (PMCH), Signal Transducers and Activators of
Transcription 2 and 6 (STAT2,6) and Suppressor of
Cytokine Signaling 2 (SOCS2). Functional regions of each
gene were resequenced using DNA from 48 unrelated cattle
according to the procedures described by Rincon et d.
(2007) and Garrett et al. (2008). They were: 1000 bp of the
5’ -untrandated region, exons, and the 500 bp of the 3'-
untrandated region. If a gene contained multiple exons (>
10), then a Vista dignment (http://pipeline.lbl.gov/) was
conducted to identify conserved introns and exons.
Resequencing was completed at SeqWright (Houston, TX)
and provided results of SNP, indel, and microsatellite.
Finally, SNP were confirmed with CodonCode aligner
(CodonCode® Corporation, Dedham, MA) and then tested
to be synonymous or non-synonymous using Polyphen
(http://genetics.bwh.harvard.edu/pph), and if they were a
tag SNP (Haploview; http://www.broad.mit.edu/mpg).
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Animals, Phenotype, and Genotype

Angus, Brahman, and Romosinuano heifers and
their reciprocal crosses from a dialele design (n = 650)
were born from 2002 to 2005. These heifers were raised in
the cow-calf system of the USDA-ARS, Subtropical
Agricultural Research Station, in Brooksville FL.

After weaning, heifers were exposed to bulls until
determined to be pregnant by rectal palpation. After
calving, heifers were exposed to bulls for ~90 d from March
20 to June 20 each year. Fird calving date was collected
and reported asthe trait, age at first calving. Second calving
date was collected and used to calculate, calving interval, as
the difference in days between first and second calving.
Similarly, the trait, days to calving, was calculated as the
difference in days between the second calving date and the
first date of the last breeding season that heifers were
exposed to bulls. The categorical trait, pregnancy rate, was
determined after the second breeding season.

Genotyping was performed using 25 ng/uL of
DNA from each heifer. Amplicons derived from PCR and
the Sequenom MassArray platform were used to determine
SNP genotypes (GeneSeek, Inc., Lincoln, NE). Genotypes
were coded 11 for homozygous, 12 for heterozygous, and
22 for opposing homozygous.

Statistics

Analyses were conducted using SAS (Version 9.2;
SASIng. Inc., Cary, NC), which included Genetic Analysis
Tools of SAS (Saxton, 2004).

Simple Statistics and Frequencies

Simple descriptive statistics for growth traits (e.g.,
birth weight, 205-d weight, and 365-d weight), and
continuous reproductive traits (e.g., age at first calving,
calving interval, and days to calving), were calculated using
PROC MEANS. Pregnancy rate was calculated using
PROC FREQ. Allele and genotype frequencies, as well as
deviation from Hardy-Weinberg equilibrium, were
estimated with PROC ALLELE.
Population Stratification Analyses

Because an admixed population was involved in
this study, STRUCTURE was used to infer population
dratification (Pritchard et al., 2007). This program
estimated each heifer's proportion of membership or
admixture termed, Ancestry Coefficient.
Association of Genotype to Phenotype

Association analyses were conducted using PROC
MIXED for continuous traits and PROC GLIMMIX for
categorical traits. Only polymorphisms with genotype
frequencies greater than 10% were considered appropriate
to be included in association analyses. The genoctype to
phenotype association model was:

Yikm = L+ Aj+ Bj+ G+ D, + Ep, + K, + gjum , Where

Yijim = phenotypic value of trait,

| = population mean,

A, = fixed effect of SNP genotype,

B; = fixed effect of year of birth (i.e., 2002, 2003,
2004, and 2005),

C = fixed effect of age of dam (i.e, 2, 3, 4, 5to 10,
or 11 yr and older; BIF, 2006);

D, = covariate of coefficient of ancestry (i.e.,
admixture proportion from inferred Brahman
cluster),

E = covariate of ordina birth dete of the heifer,

F.= random effect of sre usng the Z dtatidtic to test

if Ho:s,°= 0, and

6jrm = random residual error.

The association model was also executed with
either breed or cluster category and their interaction with
genotype as a fixed effect, which replaced the covariate,
coefficient of ancestry. Proc GPLOT was used to visualize
the interaction.

If genotype term was found to be a significant (P <
0.05) source of variation in association analyses for
continuous traits, preplanned pairwise comparisons of |east
squares means were generated with PDIFF. These mean
separation tests were executed within LSMEANS in the
mixed procedure, which included Bonferroni adjustment.

Results and Discussion

Results of resequencing and related bioinformatics
revealed 75 SNP in the genes of GHR, IGF-1, IGFBPS,
PMCH, SOCS2, STAT2, and STAT6 (Rincon et a., 2007;
Garrett et d., 2008). Only a SNP in the promoter of the
STAT2 gene had minor alele frequency > 10% across the
three breeds. This SNP did not deviate from Hardy-
Waeinberg equilibrium (X? = 1.00, P > 0.31). Population
dratification analysis was executed with 56 of the SNP
useful as ancestral informative markers (i.e, minor alee
frequency < 10%), which suggested 3 clusters of ancestral
subpopulations in this study (Table 1). Genetic markers are
commonly used to correct for population stratification using
structured methods (Pritchard et al., 2007). In this study, the
admixed population included one Bos indicus breed
(Brahman), two Bos taurus breeds (Angus and
Romosinuano), and their reciprocal crosses. The genetic
structure observed herein suggested Brahman cattle were a
unique breed-group because genetic dStructure arose
primarily from one cluster. Structure output data from
Angus and Romosinuano breeds revealed that they shared
historic ancestry. Similar results were reported by McKay
et a. (2007) usng 2 Bosindicus and 8 Bos taurus breeds.

Table 2 includes the simple statigtics of the traits
evaluated in this study. Year of birth (P < 0.01), coefficient
of ancestry (P < 0.05) and sire (P < 0.05) were significant
sources of variation in prediction of reproductive traits. No
significant association was detected between the STAT2
SNP genotypes with any reproductive trait using the model
that included coefficient of ancestry as covariate. However,
these genotypes interacted with clugter for prediction of the
traits days to calving (P < 0.05) and calving interval (P <
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0.10). Mixed mode analyses of these traits involving the
interaction of cluster and genotype revealed a higher
estimated effect of heterozygous genotype (~100 d) in
cluster 1 (inferred from Brahman), and lower estimates in
clusters 2 and 3 (inferred from Bos taurus breeds). Siced
interaction plotting (Figure 1) also revedled that the
heterozygous genotype appeared unfavorable, which
suggested a non-additive genetic effect. This plot was only
of the purebred cattle.

The STAT proteins are involved as signa
transducers of interferon actions on uterine epithelium
during early pregnancy, including uterine receptivity and
maternal immune response (Schindler and Plumlee, 2008).
The STAT proteins are also important intracellular second
messengers of GH, IGF, and leptin, which are involved in
puberty and postpartum rebreeding (Fruhbeck, 2006). In the
current study, a SNP in the promoter of the STAT2 gene
was found to be associated with the traits days to calving
and calving interval. The interaction among STAT2
genotypes for these traits and ancestral cluster suggested a
non-additive relationship as the heterozygous genotype
appeared to extend calving interval and days to calving.
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Table 1. Ancestry proportions of Angus, Brahman and Romosinuano diallele breed groupsin clusters outputted

from STRUCTURE.
Ancestry Clusters

Breed Group N 1 2 3
Angus 66 0.012 0.694 0.294
Brahman 59 0.878 0.029 0.082
Romosinuano 129 0.040 0.461 0.498
Angus x Brahman 116 0.462 0.334 0.204
Angus x Romosinuano 136 0.039 0.497 0.464
Brahman x Romosinuano 143 0.474 0.234 0.292

Table 2. Number of observations, and mean + SE for birth weight, 205-d weight, 365-d weight, age at first calving, calving
interval, days to calving, and pregnancy ratein adialee of Angus, Brahman and Romosinuano heifers.

Breed Group N Growth Traits* Reproductive Traits
Birthwt 205-dWt 365-dWt Agea First Caving Daysto Pregnancy
(kg) (ko) (ko) Calving Interval Calving Rate
(d) (d) (d) (%)
Angus 66 29.1+04 171.9+2.1 237.9+40 796.4+18.7 465.9+24.6 405.8+26.0 84.8
Brahman 59 30.2+0.5 200.242.3 2522+29 934.9+27.7 546.4+24.9 470.1+26.1 69.4
Romaosinuano 129 29.7+0.2 176.7+1.8 2224425 774.4+7.2 433.3+13.8 389.8t154 89.9
Angus x Brahman 116 33.1+0.3 208.1+2.4 281.0+2.7 763.8+13.0 421.4+11.1 357.0+11.6 913
Angus x Romosinuano 136 30.8+t0.3 187.3+t1.8 2492+22 721.6+89 450.7+12.2 364.9+11.5 88.9
Brahman x Romosinuano 143 33.0+0.4 207.0+1.8 265.2+2.3 786.1+9.3 423.0+12.2 3724+129 90.2

Traits adjusted according to Beef Improvement Federation guidelines (2006).
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ABSTRACT: Stayahility reflects productive life which has
direct impacts on profitability of cow-calf operatorsin the
beef industry. The traditional definition of stayability EPD
is the probability a cow will remain in production through 6
yrs of age. Its implementation has been problematic for
producers with the most common concern that a female
does not get an observation until she has reached the 6yr
benchmark resulting in low accuracy EPD for animals until
late in life. The objective of this study was to estimate
genetic correlations between traditiona stayability and
stayability to younger ages in order to use earlier
observations to improve the prediction of EPD for
stayability to 6yr. Data were from the Red Angus
Association of America. Ages considered as earlier
indicators of stayability to 6yrs of age were stayability to
3yrs, 4yrs and 5yrs. Variance components were estimated
with a sre model using a probit threshold analysis
including contemporary group as a fixed effect.
Heritabilities calculated at each age were, 0.11, 0.12, 0.11
and 0.12 for 3, 4, 5 and 6yr stayability respectively.
Genetic correlations were calculated using Gibbs sampling
techniques. The genetic correlations among pairs of age
definitions were 0.84, 0.46, 0.49 for 3yr-4yr, 3yr-5yr, 3yr-
6yr, 0.85, 0.70, for 4yr-5yr, 4yr-6yr, and 0.60 for Syr-6yr.
Data used in the subsequent EPD cal culation was structured
to be independent at each age definition to avoid
covariances between residuas. Aggregate stayability values
were calculated using the genetic correlations among ages
to weight information from each age definition. Very little
reranking among sires with accuracy greater than 0.60
occurred, resulting in a rank correlation of 0.99 between
conventional 6yr sayability EPD and aggregate 6yr
stayability EPD. An average accuracy increase of 0.07 was
found in young animals that had yet to have daughters reach
the 6yr benchmark age. Publishing stayability computed in
this manner will help to eliminate issues associated with
low accuracy EPD for animals younger the 6yrs of age.

Key words. beef cattle, index, longevity, stayability
Introduction

Sires daughter fertility and stayability are both
very important aspects to consider when making bull
selection decisions. Stayability benefits a herd’s
productivity in several ways including decreasing the need
and cost for young replacements and thereby resulting in
higher average weaning weights because of the greater

average weaning weight of calves from older cows
(Garrick, 2006). In beef cattle the only genetic prediction
available to assist producers in sdection for long term
reproductive ability is stayability, which is defined as the
probability a cow will remain in production to 6 yrs of age
given she calvesas a2 yr old. In aherd where only 60% of
the cows remain until 6 years of age, a one unit increase in
overall herd gtayability EPD has been valued at nearly
$2000.00 (Ennset al., 2005).

Research supports that a high proportion of

femalesin production at 4 yr will still be in production to 6
yr or more, suggesting that earlier measures could be used
asindicator traitsin the genetic prediction of stayability to 6
yr of age. Martinez et d., (2005) reported correations
between 4 and 5 yr or 4 and 6 yr stayability of 0.85 and
0.86, respectively. Anecdotally, cattle producers support the
premise that a female conceiving at 4 yr of age will remain
in the herd until 6 yr of age. Cows culled after conceiving
asa4yr old are most likely culled for reasons unrelated to
reproductive ability.

A difficulty typical of any long term prediction of
female fertility is the requirement for a benchmark age. In
the case of stayability it takes 6 yrs to receive a stayability
observation. At that age, the sire of that female will be at
least 8 yr old resulting in very low prediction accuracy for
sires less than 8 yr of age. Most sires are no longer active
a 8 yr of age unless available through artificia
insemination. This lag between accurate prediction of
stayability and the need for young replacement sires has
received some criticism in the literature (e.g., Hudson and
Van Vleck, 1981). As a result, the objective of this study
was to estimate the genetic correlations among earlier
stayability ages and use this earlier age information in an
aggregate 6yr stayability genetic prediction.

Materialsand Methods

Data used in this anaysis were obtained from an
existing database and not subject to Animal Care and Use
Committee approval.

Herd book data from 1944 to 2007 was supplied
by the Red Angus Association of America (RAAA).
Research was conducted in two phases, first heritability
estimates among the aternate stayability endpoints were
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caculated. Secondly EPD for each age endpoint and
genetic correlations among the endpoints were calcul ated
and subsequently combined into a single aggregate
stayahility breeding value. Data preparation and editing for
each phase will be described separately.

Variance component estimation

Variance components were estimated for each stayability
benchmark, 3 yrs, 4 yrs, 5 yrs and 6 yrs of age. Stayability
observations were assigned to dams based on their age in
days at each calving. In order for a dam to be digible to
receive a stayability observation for a given endpoint, she
was required to be at least as old as the defined benchmark.
Dams were required to calve on an annua basis within a
60d time period of their previous calving. Dams meeting
these criteria received a favorable designation (1) while
dams who had not met the requirements received un-
favorable score (0). A 3 generation sire pedigree was
constructed for each age definition, building recursively
from animalswith observations.

Contemporary groups were formed based upon the
breeder (owner) code of the dam and the breeder (owner)
code of each calf born. In order to be placed in a
contemporary group a dam must have a breeder code as
well as a breeder code of a caf meeting the defined
stayability definition. For purpose of variance component
estimation, data volume was further reduced by restricting
contemporary group sizeto a minimum of 5 individuals and
only groups with variation were included. Contemporary
group was included asthe sole fixed effect.

Variance component estimation was performed
using ASREML (Gilmor et al., 2002) fitting residual
maximum likelihood linear sre models with the PROBIT
option for categorical data.

Breeding value and genetic correlation estimation

The data used for the estimation of breeding values was the
same used for the previoudy described variance component
estimation. Categories of stayability definitions and criteria
to receive an observation were also the same as previoudy
described. Independent data sets were formed for each
stayability age, meaning animals that were digible for an
older stayahility definition were not considered in younger
categories. Consequently stayability to ages 3 yr, 4 yr, and
5 yr were limited to single hirth year groups. A three
generation pedigree including animas with observations
from all age definitions was constructed and this single
pedigree was used in each analysis.

Contemporary group formation was the same as
previously described with the exception of not being sifted
for within group size. Single animal contemporary groups
were removed from the data.

Modd:

The calculation of EPD was conducted using
maximum a posteriori (MAP) probit threshold model

(Gianola and Foulley, 1983; Harville and Mee, 1984).
Stayability was analyzed as a univarite on the underlying
scale using the modd:

Y=if+inate
where

wwl]= [ o]

In the above set of equations, Y is equa to a vector
of transformed observations on the underlying scale, X a
known design matrix relating fixed effects to those
individuals in vector Y. In this case the only fixed effect
included was stayability contemporary group contained in
vector B. Z was a design matrix relating the random
additive genetic effects in u to the individuals in vector Y,
and e a vector of random residual errors. A is Wright's
additive numerator relationship matrix, | is an identity
matrix with an order equal to the number of observationsin

Y. O'f and ofwere additive and residual variances,

respectively. The additive genetic variance (O'f ) was

specific to each stayability age definition for each set of
EPD calculated. In accordance with MAP models the

residual variance(O':) isforced to be equal to 1.

Genetic correlations among each stayability age
definition were calculated using the THRGIBBSFO0
program from the package BLUPF90 described by Misztal
et a. (2002). Pairwise combinations of stayability age
definitions were fitted in a bivariate threshold model using
the same fixed effects as the model for variance component
estimation. A burn in period and sampling period of 10,000
and 50,000 respectively were used to estimate correlations
for all pairs.

The aggregate stayability EPD was calculated by
weighting each individual observation with the genetic
covariance among the age definitions using the equation
presented bel ow.

¥ = [draglz 2] + 67 ]

In the above equation, Y is a vector of stayahility
observations within a given animal on the underlying scale,
Z'RZ is a trait within anima accumulation of diagonal
elements from the random portion of the coefficient matrix.
Individua animals are represented by square matrix with an
order equal to number of traits by number of traits. Gy isthe
variance/covariance matrix for all age definitionsand uisa
vector of aggregate breeding values.

Results and Discussion

Stayability was first published by Snelling et al.
(1995) where beef cow stayability was shown to be a trait
moderate in heritability and economically important to
cow-calf producers. Thisinitial study was conducted using
two cow-calf operations of different management and
environmental conditions. Both of the herds used in the
study had a phenotypic stayability of 38% of cows
achieving the 6 yr benchmark. Heritabilites were calculated
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to be 0.11 and 0.14 in the two herds. The study included
four ages, 3, 6, 9, 12 years. The definition of 6 years of age
was selected being identified as the break even age for a
cow to pay for her own replacement costs as well as for
those cows not making the benchmark as well as the
heritability was comparable to the other ages investigated.
In this study, earlier age of 3 yrs, 4yrs, 5yrs as well as the
traditional 6 yrs were considered in an effort to improve
accuracy of EPD at earlier ages.

Summary statistics for each phase of the project
are given in table 1. Data counts of favorable and un-
favorable observations are given for each age benchmark as
well aspedigree size.

Table 1. Summary of observations and pedigree size for
each stayability age definition by analysis
Variance

Staiagtg ity Observation ~ Component EF;ICZ))U?I?Ia
data count

3yr Yes (1) 155,352 8,509
No (0) 80,125 6,211

Pedigree 58,193" 381,346°
Ayr Yes (1) 124,892 7,024
No (0) 124,053 7,995

Pedigree 58,006" 381,346°
Syr Yes(1) 94,509 5,410
No (0) 138,216 9,473

Pedigree 53,661 381,346°

Byr Yes (1) 53,327 22,073
No (0) 132,120 52,915

Pedigree 43,797 381,346°

'Sire mode pedigree
2Animal model pedigree

Heritability and genetic correlations for each age
definition are shown in table 2. In genera heritabilies were
similar to previous research (Snelling et al., 1995, Martinez
et a., 2005) ranging from 0.11, 0.12, 0.11 and 0.12 at 3yr,
4dyr, 5Syr, and 6yr stayability respectively. Genetic
correlations among age definition pairs were moderate to
high. Adjacent stayability ages tended to be the higher
genetic correlations as would be expected since less time
has passed between these traits. Martinez et al. (2004)
found similar genetic corrdations in a population of
Hereford cows ranging from 0.75 to 0.90.

Table 2. Edtimates of heritability and genetic correlation
for each gayability age definition.

Stayahility
Age Definition 3yr 4yr 5yr 6 yr
3yr 0.11 0.84 0.46 0.49
(0.0009)
4yr 0.12 0.85 0.70
(0.0009)
Syr 0.11 0.60
(0.0009)
oyr 0.12

(0.01)

Heritabilites and standard error () on the diagonal and
genetic correlations above the diagonal.

EPD from traditionally defined stayability, using
only the 6 yr benchmark, was comp aired to aggregate
stayability EPD, using information from all previous ages.
Average EPD and genetic trends were very similar between
the methods. Rank correlations between traditional 6yr
stayability and aggregate 6yr stayability are presented in
table 3. Comparing the traditiona 6 yr stayability EPD
versus aggregate 6 yr stayability EPD the rank correlations
were high, ranging from 0.89 to 0.99. Sires with accuracy
greater than 0.70 had a rank corrdation of 0.99,
demonstrating that for well proven animals indexing all
stayabhility age information does not have a large impact on
EPD. Active females showed the greatest amount of re-
ranking between these two methods resulting in a 0.89 rank
correlation, a result of the additional information added
when all stayability ages are considered.

Table 3. Rank correlations of traditional 6yr stayahility
EPD and 6yr aggregate stayability

Animal group n Co:?:Inaltfi on
All Animals 380,246 0.96
Siresaccuracy 0.70 or greater 177 0.99
Active Dams 22,845 0.89
Non-Parents 124,980 0.95

Combining the individual EPD information into an
aggregate EPD showed an increase in accuracy for al
animals. Figure 1 plots the average BIF accuracy by birth
year of al animals. The accuracy increase relates to the
additional information being added to these predictions
from the younger age definitions of stayability. Animals
representing the 3 yr, 4 yr and 5 yr stayability observations
corresponded to 2004, 2003 and 2002 birth years. These
years in particular are those which would not receive
observations if younger ages were not considered. The
average accuracy of only these animals is shown in figure
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2. The average accuracy increase of 0.07 was observed
among these groups. Although quantitatively this increase
does not seem great, it represents a doubling of the
accuracy for these low accuracy animals.

Implications

The ability to predict dayability of a bull's
daughters accurately earlier would be beneficial to cow-calf
producers both financially and managerially. These results
show earlier ages are in the same range of what is currently
used in national genetic evaluations. This method to
combine al available data on females will be of greatest
benefit to young sire selection.
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Figure 1. Average stayability EPD accuracy by birth year of all animals.
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ABSTRACT: With risng feed codts, increasing feed
efficiency through reducing feed inputsisimperative. Thus,
the phenotypic relationships of residual feed intake with
growth and carcass performance traits were determined in
spring-born Angus bulls at a centra bull test station in
Yerington, Nevada. Individua feed intake data were
collected for bulls (n=136) using the GrowSafe feeding
system. Residual feed intake (RFI) was calculated as the
difference between actual intake and intake predicted by the
stepwise linear regression of DMI on ADG, mid-test
metabolic body weight (MMWT), and ultrasound back fat
(uFT). Based upon calculated RFI, animals were divided
into low (<-0.5 SD; n=35; RFI=-1.036 kg/d), margina
(#0.5 SD; n=60; RFI=—0.001 kg/d), and high (=0.5 SD;
n=41; RFI=0.886 kg/d) groups. Group means were
andyzed by ANOVA, fitting RFl grouping as the
independent variable. Pearson correlations were determined
foo RFlI and ADG, MMWT, feed conversion rétio
(DMI/ADG; FCR), partiad efficiency of growth (ADG/DMI
for growth; PEG), ultrasound ribeye area (UREA), UFT,
ultrasound percent intramuscular fat (UPIMF), uREA EPD,
uFT EPD, and uPIMF EPD. No significant differences
existed among RFI groups for on-test weight (P=0.70), off-
test weight (P=0.48), ADG (P=0.58), uREA (P=0.12),
uPIMF (P=0.82), and uFT (P=0.44). Furthermore, no
significant group differences were detected in uFT, UREA,
or UPIMF EPDs (P>0.05). Significant group differences
were detected in FCR, PEG, DMI, and RFI (P=0.00). Low
RFI grouped animals appeared to exhibit favorable FCR
(5.74 kg) and PEG (0.49) in conjunction with reduced DMI
(11.12 kg/d). RFI was significantly correlated (P=0.00) with
FCR, DMI, and PEG (0.49, 0.70, —0.89, respectively),
further supporting the group analysis. Results suggest that
phenotypic sdlection for decreased RFI can be used to
improve feed efficiency without adversdy impacting
carcass composition and growth performance.

Key Words: Beef Cattle, Residual Feed Intake, Carcass
Trait
Introduction

Optimizing feed efficiency is of critical
importance to a livestock operation as feed costs account
approximately 60% of production costs in commercia beef
operations (Arthur et a., 2001). Thus, it isimperative that
producers have at their disposal appropriate tools to make
selection decisions to optimize outputs while minimizing
inputs.

Several measures of feed efficiency have been
employed as selection tools, yet they are not without
adverse effects. Traditionally, emphasis has been placed on
growth rate and FCR to achieve greater efficiency in
production, yet selection for growth rate has resulted in an
increase in mature cowherd size, requiring greater resources
for cowherd maintenance (Herd and Bishop, 2000; Archer
et a., 1999). Additionally, placing selection pressure on
FCR may result in changes in component traits associated
with selecting based upon a ratio (Hoque et al., 2006). A
more desirable selection tool to improve animal efficiency
is one that has a favorable or negligible impact on other
growth and carcasstraits.

Residual feed intake has been studied as an
additional measure of production efficiency (Koch et a.,
1963). Residua feed intake (RFI) is the deviation between
actual and predicted intake based upon the regression of
feed intake on average daily gain and mid-test metabolic
body weight. RFl has been shown to have a favorable
relationship with FCR and intake measures (Jensen et al.,
1992; Herd and Bishop, 2000; Hoque et al., 2006; Nkrumah
et a., 2007). Genetic andysis has shown that genetic
residual feed intake is highly correlated with phenotypic
residual feed intake (r=0.95), indicating that they may be
thought of as the same trait (Hoque et al., 2006).
Additionaly, RFI has shown moderate heritability
(h*=0.24), indicating that RFI may contain genetic
components that would respond to selection pressure
(Hoque et al., 2006).

To capitalize on improving herd efficiency through
the genetic variation associated with feed efficiency traits, it
is necessary to characterize potential phenotypic differences
among beef animals of varying RFI. The objectives of the
present study were to determine phenctypic relationships of
residual feed intake with growth and carcass performance
traits of spring-born Angus bulls.

Materialsand Methods

Spring-born Angus bulls were used in this sudy
(n=136). Data were collected over a two-year period at a
central bull test station in Y erington, Nevada. In 2007, bulls
(n=90) underwent a 62-day test. In 2008, bulls (n=46)
underwent a 72-day test. During both test years, bulls
received a grower and a finsher ration, following a 28-day
adjustment period at the dart of the test and a 7-day
trangition period. The grower ration contained 12% CP,
13.96% CF, 3.73% fat, 1.45 Mca/kg NEm, and 0.86 Mcal
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NEg on a dry matter basis. The finisher ration was
comprised of 10.76% CP, 5.53% CF, 4.03% fat, 1.81
Mcal/kg NEm, and 1.15 Mcal/kg NEg on a dry matter
basis. Average start and finish weights were collected. DMI
data were collected during the test using the GrowSafe
automated feeding system (GrowSafe Systems Ltd.,
Airdrie, Alberta, Canada). A certified ultrasound technician
using an Aloka 500 real-time unit equipped with a 3.5-MHz
transducer collected all ultrasound data.

Three different measures of feed efficiency were
calculated for each animal. Feed conversion ratio (FCR)
was determined as the ratio of DMI to ADG. Partia
efficiency of growth (PEG) was computed as the ratio of
ADG to DMI for growth (Koch et a., 1963). RFI as defined
by Koch et al. (1963) was calculated for each animal as the
difference between actual intake and intake predicted by the
stepwise linear regression used to determine the order of
inclusion of carcass characterigtic and the significance of
trial to reach the final regression model of DMI on ADG,
MMWT (BW°™), and uFT (Statistix9, 2008). Bulls were
classified using RFI into low (<-0.5 SD; n=35; RFI=-1.036
kg/d), marginal (0.5 SD; n=60; RFI=-0.0014 kg/d), or high
(>0.5 SD; n=41; RFI=0.887 kg/d) groups (Basarab et al.,
2003).

Data were analyzed by ANOVA fitting RFI group
as the independent variable (Statistix9, 2008). All pairwise
comparisons were made using Tukey HSD (Statistix9,
2008). Reationship between RFI  and phenotypic
performance traits and carcass traits were established using
Pearson Correlation (Statigix9, 2008).

Results and Discussion

Favorable differences in FCR, PEG and daily
intake were detected among RFI groups. Low (11.120 kg)
RFI grouped bulls exhibited significantly reduced DMI
compared to margina (12.091 kg) and high (12.920 kg)
RFI grouped bulls (Table 1). Significant differencesin DMI
were also detected among marginal and high RFI grouped
animals (P=0.00). Lancaster et al. (2005) reported a 15%
reduction in feed intake between low and high RFI bulls,
despite no detection of differences in ADG and body
weight. Similar trends existed for FCR. Low grouped bulls
exhibited significantly lower FCR (5.74 kg; P=0.00)
relative to margina (6.43 kg) and high (6.94 kg) grouped
bulls. Favorable group differences were apparent for PEG.
Low RFI bulls had higher PEG (0.493; P=0.00) than high
RFI bulls (0.320). Marginal RFI bulls aso had sgnificantly
higher PEG (0.380; P=0.00) than high RFI bulls. No
significant group differences were detected in on-test
weight, off-test weight, or ADG indicating that selecting for
reduced RFI may result in improved feed efficiency with
minimal impact on growth (Table 1). Residua feed intake
has been shown to be genetically and phenotypically
independent of its component traits (Arthur et a., 2001).
This finding indicates that changes to component traits will
not likely result from selection based upon improved RFI.

Analyses of group means for phenotypic carcass
characteristics are included in Table 2. No significant group
differences were detected in UREA, uFT, or uPIMF.

Comparisons made were consistent with the findings of
Cardin et al. (2008), indicating low RFI grouped bulls had
numerically lower uFT. Robinson and Oddy (2004)
suggested that selection for reduced RFI would likely result
in decreased subcutaneous fat. Additionally, bulls did not
differ based upon RFI group in ultrasound carcass trait
EPDs (Table 3). Lancaster et al. (2008) noted that RFI has
been weakly corrdated with twefth rib fat thickness. As
expected, accounting for body composition in the
regression model removed these differences. Basarab et al.
(2003) reported that induding body composition in the
model to determine RFl accounted for more variation in
DMI. Lancagter et al. (2009) reported that adjusting RFI for
carcass composition only minimally impacts animal ranking
in growing animas when compared to using only MMWT
and ADG, yet in finishing animals, the relationship between
body composition and RFI is stronger suggesting it may be
favorable to include body composition in the regression
model to calculate RFI.

Phenotypic correlation indicated that RFI
was significantly and favorably correlated with FCR (0.490;
P=0.00), a finding corroborated by numerous investigations
(Jensen et al., 1992; Herd and Bishop, 2000; Hoque €t al.,
2005; Hoque et al., 2006; Cardin et a., 2008). RFl was also
significantly correlated with PEG (-0.898; P=0.00),
indicating that selection for reduced RFI would likely result
in increased PEG. Lancagter et al. (2005) reported similar
findings when RFlI was correlated with PEG (-0.85),
indicating bulls with low RFI had higher PEG than both
marginal and high RFl bulls. RFI was significantly
correlated with dry matter intake (0.702; P=0.00). Hoque et
al. (2006) and Arthur et a. (2001) reported correlation
values of 0.72 and 0.69, respectively, for RFl and DMI.
Furthermore, Cargtens et a. (2002) and Nkrumah et al.
(2004) reported that RFl was significantly corrdated with
ultrasound back fat (0.22 and 0.19 respectively; P<0.05).
Similarly, ultrasound rump fat (0.18; P<0.05) was
correlated with RFI as noted by Carstens et al. (2002). No
significant correlations were detected between RFI and
UREA, or uPIMF. RFI was not significantly correlated with
UREA, uPIMF, or uFT EPDs. Similar results were reported
by Cardin et a. (2008). Phenotypic correlations of RFI
with on-test weight (-0.012; P=0.891) and off-test weight (-
0.044; P=0.613) were negligible. These results were
corroborated by Jensen et al. (1992), Herd et al. (1999),
Hoqgue et al. (2006) and Lancaster et al. (2008). Results
suggest the phenotypic selection for improved RFl appears
to result in more efficient animals that consume less but
gain the same as their less efficient counterparts without
significantly increasing body weight nor affecting carcass
composition.

Implications

RFI may serve as an appropriate selection tool for
improving feed efficiency without adversdly affecting
phenotypic growth performance and carcass traits.
Research suggests that selection for reduced RFl may result
in improved animal efficiency without increasing cow size.
Given economic pressures, selection tools with relevance to

'Funded in part by the California State University Agricultural Research Initiative and Snyder Livestock Company, Inc.
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efficiency have significant implications for the commercial
cattleman and the modern beef production system.
Continued research should be conducted on the economic
impact of selecting for reduced RFI.
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Table 1. Mean (SE) phenotypic performance for bulls classified aslow (<-0.5 SD; n=35; RFI=-1.036), marginal (£0.5
SD; n=60; RFI=-0.0014 kg/d) ), or high (>0.5 SD; n=41; RFI=0.887 kg/d) based upon individual residua feed intake

(RFI) values.

RFI Group
Trait Low Margina High
On-Test Wt. (kg) 430.83 (6.70) 435.73 (5.45) 42954 (5.21)
Off-Test Wt. (kg) 558.25 (7.15) 559.87 (5.62) 549.16 (7.60)
Average Daily Gain (kg/d) 1.97 (0.049) 1.92 (0.040) 1.89 (0.049)
Feed Conversion Ratio (kg feed/kg gain) 5.74 (0.122)% 6.43 (0.103)° 6.94 (0.133)°
Partial Efficiency of Growth (ADG/DMI for growth) 0.492 (0.015)% 0.380 (0.004)" 0.320 (0.004)°
DMI (kg/d) 11.120 (0.165) 12.091 (0.117)° 12.920 (0.170)°
RFI (kg) -1.036 (0.098)* -0.0014 (0.033)° 0.887 (0.072)°

3P°RFI groups within row without common superscripts differ (P < 0.05).

'Funded in part by the California State University Agricultural Research Initiative and Snyder Livestock Company, Inc.
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Table 2. Mean (SE) carcass performance for bulls classified as low (<-0.5 SD; n=35; RFI=-1.036 kg/d),
marginal (£0.5 SD; n=60; RFI=-0.0014 kg/d), or high (>0.5 SD; n=41; RFI=0.887 kg/d) based upon
individual residua feed intake (RFI) values.

RFI Group
Characterigtic Low Marginal High P-value
Ultrasound Ribeye 14.092 (0.193) 14.247 (0.144) 13.766 (0.183) 0.116
Area
Ultrasound Back Fat 0.366 (0.0151) 0.354 (0.0085) 0.373(0.0133) 0.483
Ultrasound Percent 4.892 (0.183) 4.835 (0.133) 4.963 (0.137) 0.818

Intramuscular Fat

Table 3. Mean (SE) carcass character EPDs for bulls classified aslow (<-0.5 SD; n=35; RFI=-1.036 kg/d
margina (£0.5 SD; n=60; RFI=-0.0014 kg/d), or high (>0.5 SD; n=41; RFI=0.887 kg/d) based upon
individual residua feed intake (RFI) values.

RFI Group
EPD Low Marginal High P-value
Ultrasound Ribeye 0.243 (0.029) 0.267 (0.024) 0.211 (0.029) 0.320
Area
Ultrasound Back Fat 0.006 (0.002) 0.005 (0.002) 0.007 (0.002) 0.614
Ultrasound Percent 0.177 (0.036) 0.145 (0.023) 0.149 (0.028) 0.705

Intramuscular Fat

Table 4. Pearson correlations of residual feed intake (RFI)
with performance traitsin bulls.

Trait RFI (kg/d)  P-value
Initial Weight (kg) -0.012 0.891
End Weight (kg) -0.044 0.613
Average Daily Gain 0.000 1.000
Midtest Metabolic Weight (kg) 0.000 1.000
DMI (kg/d) 0.702 0.000
Feed Conversion Ratio (feed/gain) 0.490 0.000
Partial Efficiency of Growth -0.898 0.000
(PEG; ADG/DMI for growth)

Ultrasound Ribeye Area (REA) -0.125 0.146
Ultrasound Back Fat 0.000 1.000
Ultrasound Percent Intramuscular Fat (PIMF) 0.037 0.670
REA EPD -0.090 0.299
PIMF EPD -0.053 0.538
Back Fat EPD -0.002 0.979

'Funded in part by the California State University Agricultural Research Initiative and Snyder Livestock Company, Inc.
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ABSTRACT: Crosshreeding systems commonly make use
of terminal sires to improve progeny performance with
respect to carcass merit. Direct calving ease (CE) is rarely
considered in these situations as termina sires are typicaly
mated to mature cows. There is aso potential to generate
heterosis by using termina sires for mating to first-calf
heifers. Based on limited study, CE may be unfavorably
related to carcass yield. Therefore, the objective of this
study was to estimate the effect of sire CE EPD on USDA
yield grade (YG), its components and marbling score in
crossbred steer and heifer progeny of termina yield.
Carcass data from steers (n=205) and heifers (n=193), sired
by four registered Charolais bulls across four years were
obtained from Colorado State University's Eastern
Colorado Research Center. The breed composition of dams
was primarily Angus and Angus cross. Steers and heifers
were assigned to either high (n = 210) or low (n = 188) CE
group on the basis of CE EPD of their sire. Average CE
EPD for sireswas 2.2 and -0.8 in the high and low groups,
respectively. Steers and heifers were harvested at an
average age of 417 d and carcass data including hot carcass
weight (HCW), 12" rib subcutaneous fat depth (FAT),
longissimus muscle area (REA) and marbling score
(MARB) were recorded following routine harvest
procedures. Records for YG were computed from
component carcass data. Data were anayzed using a
general linear mode that included the fixed effects of
contemporary group (defined as the combination of sex and
harvest date), sre CE group, and a linear covariate of
harvest age.. Differences in group least squares means were
1.8 cm? for REA (P<0.06) and 6.3 kg for HCW (P<0.03).
The groups did not significantly differ (P>0.58) in carcass
FAT, MARB, or YG. These results suggest that selection
for increasing direct genetic merit for CE may result in
larger REA and heavier HCW in Charolais-sired crossbred
steers and heifers, but would not affect USDA yield grade
or marbling score, athough this sire sampleis limited and
further study isrequired.

Key words. beef cattle, calving ease, carcass, Charolais,
terminal sire

Introduction

The beef industry has long recognized the
importance of calving ease due to its impact on calf
survivability and subsequent cow post partum uterine
involution. Caving ease (CE) is a large economic
component of cow herd profitability and thus should be an
important selection criterion considered when making
breeding decisions (Golden et al. 2000).

Often, selection pressure is not placed on calving
ease in terminal crossbreeding systems because females are
not retained for breeding purposes and the CE EPD
primarily accounts for calving difficulty in first calf heifers.
In the Charolais breed CE is calculated as an average
difference of unassisted hirths of the sire's caves when
bred to firg-calf heifers. (AICA, 2008)

There is an unfavorable relationship between CE
and post-natal growth; the larger the calf, the faster and
more efficient they grow. This has been documented by
Bennett et a. (2008). With the positive correlation between
CE and growth, results have not been published associating
CE with carcass merit.

Potential to generate heterosis through the use of
terminal sires on first-calf heifers exists, but is often
overlooked due to the added cost associated with calving
difficulty and heifer fall-out due to dystocia. (Bennett et al.,
2008) Little research has focused on the effect terminal
sires with high CE EPD have on carcass merit of ther
progeny. Therefore, the objective of this study was to
estimate the effect of sire CE EPD on USDA vyield grade
(YG), its components, and marbling score in crossbred steer
and heifer progeny of Charolaissires.

Materialsand Methods

These data were collected under Colorado State
University's Animal Care and Use Committee guidelines.
Records from 398 animals, both steers (n=205) and heifers
(n=193), with carcass observations, were obtained from
Colorado State University's Eastern Colorado Research
Center in Akron, Colorado. The carcass measurements
included hot carcass weight (HCW), 12" rib subcutaneous
fat depth (FAT), longissmus muscle area (REA) and
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marbling score (MARB) and were recorded using routine
post-harvest procedures. Steers and heifers were harvested
at an average age of 417 d (SD = 16.3). Animals were sired
by four registered Charolais bulls; the progeny were placed
into either high (n=210) or low (n=188) caving ease groups
based on their sres CE EPD. The sires were sdected
primarily on their carcass EPD with no selection criteria for
CE EPD. The dams were crossbred commercia cows of
primarily British influence.

Carcass data was analyzed using a genera linear
model (SAS Ver. 9.2, Cary, NC). The model included the
fixed effects of contemporary group (defined as the
combination of sex and harvest date), sire CE group, and a
linear covariate of harvest age. The formation of
contemporary groups in this manner resulted in 24 unique
groups. Least squares mean estimates were calculated for
each of the carcasstraits using the model equation:

Vi = BCGj + bGy + hHA + &

where, y was the carcasstrait measured on animals, CG was
the contemporary group, G was the sire group based on
sires CE EPD, HA was the harvest age of the individual,
and e was a vector of random residual errors specific to
each observationiny.

Results and Discussion

Summary statistics for carcass observation are
summarized in Table 1 for HCW, REA, FAT, MARB, and
YG. The USDA YG grade was calculated using HCW,
REA, and FAT (AMS2001) .

Table 1: Summary statistics for progeny carcass traits*

N Mean SD Min? Max®
HCW 312 3729 329 2570 4545
REA 398 925 8.3 65.2 120.3
FAT 398 1.34 041 041 3.05
MARB 398 3.95 0.70 1.80 7.00
YG 398 2.99 057 1.07 4.70

THCW = Hot Carcass Weight (kg); REA=Longissmus
Muscle Area (cm?); FAT= Subcutaneous Fat depth (cm);
MARB=Marbling Score; YG= USDA Yidd Grade

2 8D= Standard Deviation; Min= Minimum Vaue Max=
Maximum Vaue

Least squares means for high and low sire CE EPD
groups are shown below in Table 2.

Table 2: Least squares means for progeny carcasstraits

N LSM+SE? P-value*
HCW
High® 139  371.62+1.84 <0.03
Low® 173  365.29+2.07°
REA
High 210  92.89+0.54% <0.06
Low 188  91.11+0.71°
Fat
High 210  1.28+0.027% <001
Low 188  1.28+0.035%
MARB
High 210  3.93+0.047% <053
Low 188  3.89+0.061%
YG
High 210  2.97+0.037% <0.69
Low 188  2.99+0.048%
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THCW = Hot Carcass Weight (kg); REA=Longissimus
Muscle Area (cm?); FAT= Subcutaneous Fat depth (cm);
MARB=Marbling Score; YG= USDA Yidd Grade
2L.SM= Least Squares Means

®High= Caves sred by high caving ease sires
Low=calves sired by low calving ease sires

“P-value is representative of LSM group differences
4P=group means without common superscript letter differ,
P<0.05

Results of this anadysis were unanticipated.
Typicaly, calving ease is closdy correlated with birth
weight as shown by both Meijering (1984) and Koots et a.
(1994). Birth weight has also been shown to have a high
correlation with carcass weight (Eriksson et a. 2004)
Following these studies, one can hypothesize that low
calving ease sires would produce calves with heavier HCW
and larger REA. The results of this study contradict this
hypothesis. Average CE EPD for sires was 2.2 and -0.8 for
the high and low groups, respectively. Differences between
the calving ease groups (High - Low) were 1.8 cm? for REA
(P<0.06) and 6.3 kg for HCW (P<0.03), suggesting that
calves sired by high calving ease sires had larger REA and
heavier HCW than those sired by low calving ease sires.
The other carcass traits measured, FAT, MARB, and YG
were -0.005 (P=0.91), 0.049 (P=0.53), -0.025 (P=0.69),
respectively, for the between group differences, they did not
significantly differ from each other. There appears to be no
negative effectsto including CE as a Sre selection criterion.
In fact, there is a positive relationship with regard to REA
and HCW of progeny with high CE EPD dire. Thisis a
small sample size with limited sires. This study serves as a



pilot study that warrants more investigation for capitalizing
on heterosisin first caf heifers.

Implications

These results suggest sires with ahigh calving ease
EPD produce progeny with heavier hot carcass weights and
larger rib-eye areas. USDA yidd grade, 12" rib
subcutaneous fat depth, and marbling score did not differ
with regard to sire calving ease EPD. Further research is
warranted to investigate these effects.
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ABSRACT: The objective of this study was to estimate
relationships between temperament, as measured by exit
velocity and chute score, and carcass trait performance.
Crossbred steers (n=1,551) from three operational units of a
single ranch were transported approximately 8 hours from
western Nebraska to a commercial feedlot in southeast
Colorado over three days. Steers were housed overnight in
receiving pens before being processed and allocated to their
final pens (n=6) for the feeding period. Exit velocity and
chute score were measured at receiving (EV; m/s, CS) and
approximately 75 d later at re-simplant (EV_RI; m/s,
CS _RI). Animals were harvested and carcass data collected
after 225 d on feed. Analyses were conducted using a
mixed effects model via the MIXED procedure of SAS.
Analyses evaluated the associations of EV, EV_RI, CS, and
CS RI independently on hot carcass weight (HCW), fat
thickness (FAT), ribeye area (REA), kidney, pelvic and
heart fat (KPH), marbling score (MS), and USDA vyidd
grade (YG). All models included the fixed effect of ranch-
pen class, and arandom animal effect. An increase of 1m/s
in EV was associated with a 2.69 kg decrease (P < 0.05) in
HCW. An increase of 1 m/s in EV_RI revealed an
associated decrease in HCW of 2.29 kg (P < 0.01).
Similarly a one unit increase in CS was associated with a
decrease in marbling score (-4.3; P < 0.05), and a 0.03%
increase (P < 0.10) in KPH. All other regression estimates
were not significantly different than zero (P > 0.1). These
results suggest that cattle with more excitable temperaments
have lighter HCW, lower meat quality, and higher KPH
percentage.

Key Words: beef cattle, carcass traits, chute score, exit
vel ocity

Introduction

Temperament has been defined as an animal’ s behaviora
response to handling (Nkrumah et da., 2007). Many
measures of temperament are very subjective and Burrow et
al. (1988) developed flight speed as an objective
measurement of temperament. Flight speed has been
defined as the time it takes for an animal to travel a
predetermined disgance after exiting a confined area
(Burrow et al., 1988).

Docile animals are appreciated by producers in terms of
ease of handling; however this is not the only reason
sdection may be practiced for more favorable
temperaments. Tulloh (1961) reported a favorable
relationship between live weight and docility in cattle.
Tulloh (1961) stated that selection based on live weight
would likdy lead to an improvement in temperament.
Burrow (1997) stated that temperament is moderately
heritable, so selection for more docile animals should show
progress. Burrow and Dillon (1997) suggested that docile
animas grow faster in a feedlot than more excitable
animals because of increased feed intake, or because more
excitable animals might partition nutrients differently due
to avoidance behavior.

While research suggests that temperament measures are
heritable and reated to growth measures, little information
exists relative to the rdationship of temperament and
carcass performance; therefore, the objective of this study
was to determine the relationship between temperament, as
measured by exit velocity and chute score, and carcass trait
performance.

Materials and Methods

Crossbred steers (n=1,551), from three operationa units
of a single Nebraska ranch were transported approximately
8 hours from western Nebraska to the Southeastern
Colorado Research Center (SECRC) in Lamar, CO. Steers
were processed over three days, and maintained for the
duration of the study at a commercia feedlot immediately
adjacent to the SECRC. Animals were processed at
receiving and approximately 75 days later, at those times
the following observations were recorded: exit velocity (EV
- exit velocity at receiving; EV_RI - exit velocity at re-
implant), chute score (CS - chute score at recelving; CS_RI
- chute score at re-implant). After 225 days in the feedlot,
animals were harvested and hot carcass weight (HCW, kg),
fat thickness (FAT, cm), ribeye area (REA, cm?), kidney,
pelvic and heart fat (KPH, %), marbling score (MS), and
USDA vyidd grade (YG) information collected as per
normal carcass data collection procedures. Flight speed was
measured using two infrared e ectronic triggers to start and
stop an electronic time recording device, the first as the
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steer |eft the squeeze chute and a second 1.83 m away from
the first. Exit velocity was calculated based on those
timings. Chute scores (1-6; 1 = docile, 2 = restless, 3 =
nervous, 4 = flighty, 5 = aggressive, 6 = very aggressive)
were obtained by two trained personnel, during processing,
in accordance with Beef Improvement Federation
guiddines (BIF, 2002). Table 1 lists summary statistics for
carcass and temperament traits.

Initial analyses included the calculation of Pearson
correlation coefficients between temperament and harvest
observations via SAS (SAS Indtitute,, Inc., Cary, NC).
Additiona analyses, involved fitting harvest observations
as dependent variables in a mixed model anaysis (SAS
Inditute, Inc., Cary, NC) that included the fixed effects of
unit-pen and a random animal effect. Additionally, each
temperament variable was independently added to the
model as a covariate to determine the magnitude of the
effect of the temperament trait on the harvest outcome. This
resulted in a regression coefficient estimate for each model
that regressed the harvest trait observation on the
temperament trait after adjusting for the other fixed effects
in the modd.

Data sifting procedures were used to eliminate EV and
EV_RI less than zero or greater than ten m/s as these
outliers, greater than 4 standard deviations from the mean,
were assumed to be attributable to measurement error. Hot
carcass weights greater than 5 standard deviations from the
mean were also omitted from the fina data set analyzed and
were assumed to be attributabl e to measurement error.

Results and Discussion

Pearson correlation coefficients are presented in Table 2
for HCW and YG. Exit velocity at recelving was
significantly correlated with HCW (r = -0.06, P < 0.05)
although the magnitude of the correation was small. Exit
velocity at re-implant was significantly correlated with
HCW (r = -0.10, P < 0.001) and aso with YG (r = -0.05, P
< 0.1). Chute score at receiving was significantly correlated
with HCW (r = 0.05, P < 0.1). All other correation
estimates were not significantly different from zero (P >
0.1). These are of the same direction as correlaions
reported by Kadel et a. (2006) who found genetic
correlations between temperament measures and meat
guality to be moderate (approximately 0.28 and 0.2; CS and
flight speed respectively), but are much higher than those
reported here.

The magnitude of the associations of temperament
measures with harvest measures suggest that improved
temperament would have favorable effects on several
carcass traits. An increase in EV of 1 m/s was associated
with a decrease in HCW of 2.69 kg (P < 0.05) and the later
measurement of EV_RI indicated that an increase of 1 m/s
in EV_RI was associated with a decrease in HCW of 2.29
kg (P < 0.01). Increases in CS of one unit were associated
with a 4.3 unit decrease (P < 0.05) in MS, and a 0.03%
increase (P < 0.10) in KPH, respectively. All other models
were not significantly different from zero (P > 0.10). King
et al. (2006) found temperament traits to have no affect on
YG, MS, KPH, and FAT. This is in agreement with what
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was found in this study for YG and FAT, but is in
disagreement with the results of this study for MS, and
KPH.

Burrow et a. (1988) reported heritability estimates for
flight speed from 0.26 to 0.54, whereas Kadel et al. (2006)
reported a heritability estimate of 0.31. Flight speed has
been assumed to be a measure of the intrinsc fear of
animals that could be considered an appropriate and reliable
measurement of temperament (Petherick et a., 2002).
While these measures of temperament have been reported
to be heritable, flight speed and chute scores cannot be
considered genetically equivalent traits (Kadel et a., 2006)
and hence both were measured in this study.

In feedlots it is inevitable that cattle are going to be

handled frequently due to processing, hedth status
inspection, data collection, and feeding. = More docile

animals have the ability to gain faster than flighty animals..
While greater live weight gain may be very high on most
feedlot priority lists, it's worth it to note that tenderness is
high on the priority list of consumers. The temperament of
cattle has been found to have a significant effect on carcass
tenderness (Voisinet et a., 1997).

The effect of docility on live weight is agreed upon as
being favorable (Behrends et al., 2009; Burrow et al., 1997;
Tulloh, 1961). However, when it comes to carcass traits
results are conflicting. Many have found there to be no
effect of temperament on carcass traits (Burrow and Dillon,
1997; Kadd et a., 2006; King et al., 2006; Petherick et al.,
2002) in contrast to the results reported herein. Behrends et
al. (2009) found exit velocity to be significantly related to
REA and YG. Voaisinet et al. (1997) dso found a significant
relationship between temperament and yield grades.

Implications

These results suggest that there is a correlation between
temperament scores and some carcass traits in cattle. Cattle
with more excitable temperaments have lighter HCW,
lower marbling, and higher KPH percentage. While the
results of the association of temperament with carcass traits
are conflicting, none of the studies shown herein have
found a negative effect of docile animals on carcass traits.
These results suggest that producers should select for more
docile animals, if they are able to do so.
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Table 1. Summary of Statistics for Temperament and Carcass Traits.

Trait N Mean SD

Ccs 1551 2.97 0.86
CS RI? 1513 2.50 0.90
EV? m/s 1488 2.94 0.77
EV_RI% m/s 1465 3.15 1.00
Fat thickness, cm 1259 0.51 0.16
HCW, kg 1288 358.49 32.42
KPH, % 1288 3.02 0.50
Marbling 1258 40.66 5.34
Ribeyearea, cm? 1269 12.97 1.41
Yield grade 1259 2.51 0.72

Temperament traits = CS, CS RI, EV, and EV_RI; carcass traits = fat
thickness, Hot Carcass Weight (HCW), kidney, pelvic and heart fat (KPH),
marbling, ribeye area, and USDA yidld grade.

%CS = chute score at receiving; CS Rl = chute score at re-implant; EV =
exit velocity at receiving; EV_RI = exit velocity at re-implant.

Table 2. Pearson Correlation Coefficients of Exit Velocity and Chute Score
with Hot Carcass Weight (HCW) and USDA Yidd Grade (YG).

Trait cs' EV' EV RI*
HCW, kg 0.05 -0.06 -0.10
YG -0.01? -0.02% -0.05

ICS = chute score at receiving; EV = exit velocity at receiving; EV_RI =

exit velocity at re-implant.
P>0.1
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ABSTRACT: Intramuscular fat (IMF) and longissimus
muscle depth (LMD) are commonly used in the beef
industry to aid in replacement heifer selection. The
objective of our study was to determine if ultrasonically-
measured IMF and LMD were related to lifetime cow
productivity and progeny performance. Angus X heifers (n =
160) were managed as a contemporary group and developed
in a drylot until breeding at 14 mo of age. Heifer IMF and
LMD were measured at approximately 1 yr of age. Each
year, females were mass-mated following estrous
synchronization and exposed to bulls 10 d later for the
remainder of a 45 d breeding season. Heifers were managed
in a spring-calving, native range-based production system
with a 12 mo calving interval for the duration of the 4 yr
study (2004-2007). Animals were examined for pregnancy
yearly in August and non-pregnant females were removed
from the herd. Cow IMF and LMD were categorized into
high, medium, and low groups. Cow IMF, LMD, IMF
group (IMFG), and LMD group (LMDG) were analyzed
using a fixed general linear statistical model. Pregnancy rate
was not related to cow IMF, LMD, or IMFG (P > 0.05);
however, more cows in the high and medium LMDG were
pregnant than cows in the low LMDG (P < 0.04). Calving
interval was not related to cow IMF, LMD, IMFG, or
LMDG (P > 0.05). Calf BW at birth was not related to dam
IMF, LMD, IMFG, or LMDG (P > 0.05). Calf BW at
weaning was not related to dam LMD, IMFG, or LMDG (P
> 0.05); however, calf BW at weaning increased as dam
IMF increased (P < 0.05). These data were interpreted to
suggest that greater cow IMF was associated with greater
progeny BW at weaning. In contrast, cow IMF was not
related to pregnancy rate, calf BW at birth, or calving
interval. Moreover, cow LMD and IMFG were not related
to pregnancy rate, calf birth weights, calf weaning weights,
or calving interval. Further analysis of IMF and LMD and
their effect on cow productivity and progeny performance
appears warranted as more production records are obtained
from these females.

Key W ords: Beef Cows, Intramuscular Fat, Longissimus
Muscle.

Introduction

Ultrasound is widely used in seedstock production,
commercial operations, and in feedyards to predict carcass
merit. It has also been used to assess the value of
individuals as parents in the seedstock industry. Ultrasound
has many advantages as a technique to evaluate body

composition: it is relatively inexpensive; it produces results
more rapidly compared to progeny testing programs; and
data are less prone to selection bias than direct carcass data
collection. Studies have demonstrated that ultrasound
measures of ribeye area (REA), (Perkins et al., 1992;
Herring et al., 1994) and proportion of intramuscular fat
(IMF), (Reverter et al., 2000; Hassen et al., 2001) are
accurate predictors of their corresponding carcass traits in
fed slaughter cattle. Thus, average heritability estimates of
ultrasonically-measured REA and IMF are moderate to
high. Moderate-to-high heritability allows seedstock
breeders to select replacement animals with confidence
based on ultrasound measurements.

A large body of research has evaluated the use of sire
and ultrasound measures as a predictor of progeny carcass
measurements and growth. In contrast, little research has
examined the use of ultrasonically-measured compositional
traits as a means to predict cow productivity and subsequent
progeny performance. Available data in this area appear to
be limited to actual carcass evaluation; Davis and
coworkers (1983) concluded that dam carcass traits at 240 d
of age were not associated with progeny efficiency and
suggested that identification of heifers that will produce
offspring with superior efficiency cows is difficult.

The objective of our experiment was to examine the
use of ultrasound measures of IMF and longissimus muscle
depth (LMD) as a means to predict lifetime cow
productivity and progeny performance. Specifically, we
wished to determine whether ultrasound measurements of
IMF and LMD obtained from yearling heifers were related
to calf birth weight, calf weaning weight, cow pregnancy
rate, and calving interval.

Materials and Methods

Animals and Data Collection. Angus-cross heifers (n
= 160) were retained from the KSU Agricultural Research
Center-Hays herd or purchased from two sources with
similar genetics and breeding seasons and managed as a
contemporary group. All procedures used in the care,
handling, and sampling of animals in our study were
approved by the Kansas State University Institutional
Animal Care and Use Committee. Females were developed
in a drylot and had ad libitum access to a grower diet and
clean water. At approximately 1 yr of age, measurements of
heifer IMF and LMD at the 12" to 13™-rib interface were
obtained by an experienced technician. Ultrasound images
were generated using an Aloka 500V (Aloka Co., Ltd,
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Wallingford, CT) B-mode instrument equipped with a 3.5-
MHz general purpose transducer array (UST 5021-125 mm
window). Images were collected by a single technician with
software from the Cattle Performance Enhancement
Company (CPEC, Oakley, KS). Backfat thickness, LMD,
and IMF were estimated with procedures that incorporated
image analysis software (Brethour, 1994) integral to the
CPEC product. Marbling scores were coded such that 4.0 =
slight® (low select) and 5.0 = small®® (low choice).

Following breeding at approximately 14 mo of age,
heifers were managed in a spring-calving, native range-
based production system with a 12 mo calving interval for
the duration of the 4 yr study (2004-2007). Each year,
females were mass-mated following estrous synchronization
and exposed to Angus bulls 10 d later for the duration of a
45-d breeding season. Pregnancy rate to Al was determined
31 to 35 d after fixed-time Al with transrectal
ultrasonography. Cows were examined for pregnancy in
August each year via rectal palpation and non-pregnant
females were removed from the herd. Calves were weighed
at birth and weaning. Weaning weights were adjusted for
age of calf, age of dam, and sex of calf.

Statistics. Measurements of IMF and LMD from
yearling heifers were categorized into low, medium, and
high groups (< 3.88%, 3.88 to 5.33%, and > 5.33%,
respectively, for IMF and < 43.80 ¢cm, 43.80 to 52.02 cm,
and > 52.02 cm, respectively, for LMD). All data were
analyzed using the Mixed and Logistic procedures of SAS
(SAS Inst. Inc., Cary, NC). The Mixed model included
fixed effects for year, calf sex, IMF group (IMFG), and
LMD group (LMDG) on calf birth wt, calf weaning wt, and
calving interval. The Logistic model included fixed effects
for year, calf sex, IMFG, and LMDG on pregnancy rate.
Data were presented as least squares means with differences
being considered significant at P < 0.05.

Results and Discussion

Pregnancy rate was not related to cow IMF, LMD, or
IMFG (P > 0.05); however, more cows became pregnant in
the high and medium LMDG compared to the low LMDG
(P < 0.04; Table 1). Heavier muscling may be associated
with greater fertility. In contrast, heavier muscling may
have been secondary to a superior plane of nutrition
between weaning and breeding. Calving interval was not
related to cow IMF, LMD, IMFG, or LMDG (P > 0.05).

Calf BW at birth was not related to dam IMF, LMD,
IMFG, or LMDG (P > 0.05). Calf 205-d adjusted weaning
BW was not related to dam LMD, IMFG, or LMDG (P >
0.05); however, calf 205-d adjusted weaning BW increased
as dam IMF increased (P < 0.05). These data were
interpreted to suggest that heifer IMF was associated with
greater progeny BW at weaning. Based on these data, each
1% increase in IMF was associated with a 3.9 kg increase in
calf BW at weaning.

Greater heifer IMF at weaning may be related to
greater growth efficiency by progeny. Change in cow
weight:height from calving to weaning was positively
related to calf growth efficiency (Davis et al., 1983; Davis
et al.,, 1985). Conversely, several studies have reported

negative relationships between dam weight gain or
weight:height and pre-weaning ADG and F:G of progeny
(Gregory et al., 1950; Brinks et al., 1962; Todd et al., 1968;
Kress et al., 1969; Carpenter et al., 1972; Hohenboken et
al., 1973).

Cow IMF was not related to pregnancy rate, calf BW
at birth, or calving interval. Moreover, cow LMD and
IMFG were not related to pregnancy rate, calf BW at birth,
calf 205-d adjusted weaning BW, or calving interval.

Calf 205-d adjusted weaning BW increased
numerically as LMDG and IMFG increased. Hohenboken
and colleagues (1973) reported that there were small
positive correlations between cow size at parturition and
calf size at birth and weaning. Cow size at parturition would
be due, in part, to heaviness of muscling; therefore, LMD
should be related to BW at weaning. Arnold and coworkers
(1991) concluded that when ultrasonically-measured REA
was adjusted to a constant age, there was a positive genetic
correlation to 205-d adjusted weaning weight. Use of
ultrasound for REA measurement would provide a potential
rate of change of 0.32 cm?yr, which is nearly 2-fold greater
than when testing 10 progeny/sire (0.17 cm?/yr).

Further analyses of heifer IMF and LMD and their
effects on lifetime cow productivity and progeny
performance appear to be warranted as more production
records are obtained from these females.
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Table 1. Relationship between longissimus muscle depth (LMD) in heifers at a year of age and production

measures collected from 2 to 5 years of age.

Longissimus muscle depth group*

Low Medium High
Trait (mean + S.E.) (<43.80 cm) (43.80-52.02 cm) (>52.02 cm)
Calf BW at hirth, kg 37.2+1.0 359+0.3 35.6+0.7
Calf 205-d adjusted weaning BW, kg 232.8+6.6 239.0+44 243.0+5.7
Calving interval, d 350.6 £5.1 343.6+4.0 345.6+4.9
Pregnancy rate, % 78.0° 91.0° 88.0°

*Longissimus muscle depth (LMD) was measured at approximately a year of age with ultrasound and heifers were

categorized into high, medium or low LMD groups.

P \Within a row, means without a common superscript differ at P < 0.05.

Table 2. Relationship betweem amount of intramuscular fat in heifers at a year of age and production measures

collected from 2 to 5 years of age.

Intramuscular fat group™

Low Medium High
Trait (mean + S.E.) (<3.88%) (3.88-5.33%) (>5.33%)
Calf BW at birth, kg 36.0£0.7 37.0+£0.3 36.1+£0.7
Calf 205-d adjusted weaning BW, kg 2359+5.3 239.3+45 244.1+5.8
Calving interval, d 3440+ 4.7 3458+ 4.2 3424+ 4.7
Pregnancy rate, % 92.7 89.4 84.9

*Intramuscular fat (IMF) was measured at approximately a year of age with ultrasound and heifers were

categorized into high, medium or low IMF groups.
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ABSTRACT: Estimates of genetic parameters were
obtained from two samples of weights and heights of
mature cows provided by the American Angus Association.
The first sample consisted of 23,658 records for mature
weight (MWT) and 13,012 for mature height (MHT) and
the second sample consisted of 23,698 records for MWT
and 13,310 for MHT. The four-generation pedigree file
included 43,105 animals for the first sample and 44,141
animals for the second sample. Range in ages when cows
were weighed was 2 to 11 years at the time of
measurement. Variance components were estimated using
the MTDFREML programs. Univariate and bivariate
analyses were used to estimate genetic parameters for
MWT, MHT, and the corresponding genetic correlation.
The model included fixed effects of cow age and random
cow permanent environmental, contemporary group (herd
and year) and residual effects. Heritability estimates (SE)
within contemporary group were 0.45 (0.012) for MWT and
0.64 (0.018) for MHT for sample 1 and 0.48 (0.011) for
MWT and 0.62 (0.018) for MHT for sample 2. Estimates of
repeatability were 0.64 and 0.77 for MWT and MHT,
respectively for sample 1 and 0.66 and 0.70 for MWT and
MHT, respectively for sample 2. The genetic and
permanent environmental correlations between MWT and
MHT were 0.80 and 0.75, respectively for sample 1 and
0.83 and 0.69 for sample 2. The estimates of genetic
parameters will be used to estimate genetic changes in
MWT and MHT from the complete data file.

Key Words:
Heritability

Angus, Cow Height, Cow Weight,

Introduction

Cow weights and cow heights have been used to estimate
lifetime growth curves (Johnson et al., 1990), influence of
body size on efficiency (Morris and Wilton, 1976),
production including maintenance requirements (Morris
and Wilton, 1986), cow-calf profitability, reproduction
(Olson et al., 1994), and cull cow value. Mature size can
potentially impact the profitability of beef enterprises and
thus should be considered in selection programs. Previous
direct heritability estimates have been generally moderate
to high using various models (Northcutt and Wilson, 1993;
Kaps et al., 1999; Rumph et al., 2002).
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The objective of the current study was to estimate genetic
parameters and (co) variance components for mature weight
and mature height of Angus cows using a repeatability
model as a first step to estimate genetic trends.

Materials and Methods

The cow weights and heights data and pedigree files used
were supplied by the American Angus Association. Two
samples were obtained from the complete data file based on
the last digit of the herd code. The first sample contained
23,658 MWT and 13,012 MHT records (Table.1). The
second sample contained 23,698 MWT and 13,310 MHT
records. The four-generation pedigree files included 43,105
and 44,141 animals for samples 1 and 2, respectively. The
records were from cows born between 1983 and 2006. The
range in ages when cows were weighed was 2 to 11 years
with the majority (80%) of records coming from cows
between 2 and 6 years of age. Cows on average had 1.7
records for MWT.

Animal Model

In matrix notation, the linear model equation for the vector
of observations, vy, is:

y=Xb+Z+Q+W+eg,

where y is the vector of observed records, b is a vector of
fixed effects of age when measured; a is a vector of random
additive genetic effects; ¢ is a vector of random
contemporary group effects; W is a vector of random
permanent environmental effects of the cows; X, Z, and Q
and W are incidence matrices relating Xb, Q, Z, and W to
y; and e is a vector of random residual effects. Univariate
and bivariate analyses were used to estimate genetic
parameters for MWT and MHT, with Henderson’s (1977,
1984) augmented mixed model equations and the inverse of
the four generation relationship matrix (Henderson, 1976;

Quaas, 1976). Estimates were obtained using the

MTDFREML programs (BOLDMAN et al., 1995).
Results and Discussion

Estimates of variance and covariance components,

heritability and repeatability for samples 1 and 2 are
reported in Tables 2 and 3. Estimates of heritability for
MWT were similar to those from previous reports. Johnson



et al. (1990) estimated heritability to be 0.38 but it was
associated with a large standard error (0.30). Kaps et al.
(1999) reported an estimate of 0.59 using a two-trait animal
model with adjusted weaning weight and repeated mature
weights, with fixed effects of weaning and cow
contemporary groups, and direct genetic, maternal genetic
and maternal permanent environment as random effects.
Rumph et al. (2002) obtained heritability estimates ranging
between 0.53 and 0.69 using 6 different models with the
most optimal model being the full model that included
direct and maternal genetic, direct permanent environment
and maternal permanent environment as random effects.

For mature weight, Northcutt and Wilson (1993) reported
estimates of heritability of 0.45 (0.10) and 0.48 (0.10) for
weights adjusted for body condition score and unadjusted
for body condition score, respectively, using a two-trait
model for mature weight and mature height.. For mature
height, Northcutt and Wilson (1993) reported estimates of
heritability of 0.83 (0.11) using the same model. Estimates
of variance components and heritability reported by
Northcutt and Wilson (1993) for the two-trait model were
similar to those from the single trait analyses in the present
study. Estimates of repeatability were 0.64 and 0.65 for cow
weight for samples 1 and 2 and were 0.77 and 0.70 for cow
height. Contemporary groups accounted for about 50% of
phenotypic variance for both MWT and MHT.

Genetic correlations between weight and height were strong
and positive (table 4). Previous studies have reported
similar results, as shown by Northcutt and Wilson (1993)
who estimated the Spearmen rank correlation between
weight and height to be 0.94. The permanent environmental
correlations were also high, ranging from 0.69 to 0.75. In
comparison with previous studies it may be important to
note that in the present study, the number of animals with
records and in the pedigree file were larger. Some of the
small differences in estimates also may be caused by
differences in models or statistical methods used in the
analyses.

Implications

Results from the current study, as expected, show that both
MWT and MHT would respond favorably to selection and
that changing one would lead to correlated response in the
other. Selection would be more accurate for MHT than for
MWT because heritability is greater and because less
variation is due to permanent environmental effects. These
results also show that selection for the total animal effect
(genetic plus permanent environmental values) would be
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considerably more accurate than selection for breeding
value especially for MWT. The similarity of estimates of
variance components for the two samples show that the data
can be pooled in the second step of this project using the
complete data file to determine if selection has been to
increase or decrease MWT and MHT.
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ABSTRACT: Globally, genetic diversity of livestock
populations is contracting. Knowing the true extent of the
contraction is needed to develop effective conservation
dtrategies. To accomplish this goal, pedigree records were
obtained for: Duroc (n = 878,480), Hampshire (n =
744,270), Landrace (n = 126,566), and Yorkshire (n =
727,268) from NSR, and Berkshire (n = 116,758 American
Berkshire Association). Number of registrations peaked in
1990 for all breeds except Berkshire and al have been
declining in the current decade. Presently, more than 99%
of all pigs are inbred with the majority having inbreeding
less than 10%. The range for percent of animals that are
more than 25% inbred ranged from 1.16% for Y orkshire to
6.09% for Berkshire. The highest inbreeding for all animals
within a breed ranged from 51% for Landrace and 65% for
Yorkshire. Sires were grouped into ten percentiles based on
number of great-grandprogeny (GGP); the top percentile for
all breeds accounted for more than 75% of all GGP. Sixty
percent of al sires produced less than 1% of all GGP,
indicating few males are responsible for the majority of
future generations, thus narrowing the genetic base.
Generation numbers were computed with the founders
defined as having unknown parents, assigned as generation
zero. Generations ranged from 17 to 19 per breed with a
generation interval ranging from 1.65 yr for Berkshire to
2.21 yr for Yorkshire. Mean inbreeding (%) at generation
17, inbreeding rate of increase per generation, and effective
population size were 12.3, 0.0065, and 77 for Berkshire,
11.8, 0.0044, and 113 for Duroc, 6.8, 0.0046, and 109 for
Hampshire, 17.9, 0.0067, and 74 for Landrace, and 8.0,
0.0044, and 113 for Y orkshire, respectively. Thetwo breeds
with fewest registrations, Berkshire and Landrace, have a
higher inbreeding rate and lower effective population sizes;
these breeds need more aggressive conservation in order to
maintain genetic diversity. This analysis provides a basis
for future monitoring of the genetic diversity of pig breeds.
Key Words. Genetic diversity, Swine, Inbreeding

Introduction

Approximately 20% of the world's breeds are reported
to be at risk of extinction (FAO, 2007). Blackburn et a.
(2003) detailed the contraction of animal genetic resources
(AnGR) in the U.S. To address the contraction and
potential loss of AnGR, the USDA established the National
Animal Germplasm Program (NAGP) to conserve livestock
and aquatic genetic resources (Blackburn, 2004, 2009).
Ideally, genetic conservation efforts would capture al
available alleles and their combinations in a population.
The U.S. swine industry is highly structured and
competitive. As a result, breeders employ high selection

intensities for economically relevant traits. As a result of
selection pressure and associated inbreeding, allele
frequencies can be dramatically changed and there is
potential for losing aleles that under the present selection
and marketing strategies are not important (Faconer and
Mackay, 1996). However, by collecting and cryopreserving
germplasm samples, aleles and ther various combinations
can be made available for future use.

In order for the NAGP genebank to capture the genetic
diversity available for each species, the genetic diversity
and population status of each species and breed must first
be established. Measures to establish the population status
include inbreeding levels, registration trends, generation
intervals, and effective population size. The objective of
this study was to establish a baseline for five magjor U.S. pig
breeds.

Materialsand Methods

Animal Care and Use Committee approval was not
obtained for this study because the data were obtained from
an existing database. Pedigree records were obtained from
the National Swine Registry (NSR) for Duroc, Hampshire,
Landrace, and Yorkshire; Berkshire records were obtained
with approval from the American Berkshire Association.

For each breed, a complete pedigree was built until al
ancestors were unknown using the Animal Breeders Tool-
Kit (ABTK; Golden e al., 1992) and the AWK
programming language (Aho et al., 1988). The ABTK
generates a list of animals that appear as both a sire and
dam in the pedigree and animals that appear as their own
parent. Data corrections were made; if parentage could not
be determined, it was converted to unknown. Inbreeding
coefficients (F) were computed.

Founder animals, defined as having unknown parents,
were assigned a generation number of zero.  Then,
subsequent generation numbers (g) were calculated
iteratively as:

9=12(g+g) +1,

where gs is the generation number of the sire and gy is the
generation number of the dam (MacKinnon, 2003).
Generation number was compared to mean inbreeding,
percent of inbred animas, and number of years of
registrations.

Regression procedures were performed using SAS (SAS
Ing., Cary, NC). Increases in inbreeding per generation
(AF) were calculated by regressing individua inbreeding
coefficients on generation number (MacKinnon, 2003).
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Effective population size (Ng), defined as the number of
individuals that would generate the current level of
inbreeding, was computed as:

Ne =12 AF

(Falconer and Mackay, 1996). Generation intervals (Gl)
were computed by regressing generation number on birth
year (MacKinnon, 2003).

To represent the current population, F frequencies were
calculated for animals born 2006 and later. Coefficient of
relationships were computed between the top 10% of boars
that sired progeny born 2006 and later (VanRaden and
Smith, 1999).

Influential males were determined by computing the
number of great-grandprogeny (GGP) registered and were
grouped into ten percentiles.

Results and Discussion

Summary statistics for each breed are shown in Table 1.
The year when records started being stored in eectronic
format for each breed registry varies, but generaly started
with animals born in 1980. Number of registrations peaked
in 1990 for all breeds, except Berkshire, which peaked in
2000. All breeds have declining registration numbersin the
current decade.

Number of dams outnumbered number of sires by
approximately 4to 1. Thesire count for the highest number
of offspring registered for each breed was 481, 3,797,
1,624, 949, and 1,417 while the dam count was 80, 99, 96,
84, and 142 for Berkshire, Duroc, Hampshire, Landrace,
and Yorkshire, respectively. The most prolific Duroc mae
registered more than 38 times more offspring than the most
prolific Duroc female.

The Food and Agriculture Organization of the United
Nations (FAO; 2000) established an N, of 50 animals as the
critical number to be above, however, Meuwissen and
Woolliams (1994) suggested a minimum N, range of 31 to
250 to maintain population fitness. Duroc, Hampshire, and
Yorkshire have relatively robust N levels. Berkshire and
Landrace are lower and therefore may warrant additional
attention. Nicolas (1989) recommended a AF rate of <
0.005 as satisfactory, while the FAO (2000) recommended
a AF rate of < 0.01 as a goal. All breeds meet the FAO
goal, but Berkshire and Landrace are above the Nicolas
suggested rate (P < 0.0001). All breeds had a AF that was
significantly different from each other (P < 0.0001). A
rapid turnover of generations for all breeds was found,
ranging from 1.65to 2.21 yrs (P < 0.0001). The breeds had
significantly different GI (P < 0.0001).

The mean F for each breed is reported in Table 1,
however, since most of those animals are no longer
contributing genes to the future generations this
information is of limited use. Knowing the status of the
current population is cruciad for conservation activities,
Figure 1 shows the F frequencies for animals born 2006 and
later. Berkshire (44.7%) and Landrace (39.9%) have a
higher percentage of animals with F > 0.10 than the other
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breeds. In contrast, Duroc has 64% of current animals with
F < 0.05 and 88% with F < 0.10.

The coefficient of relationships between the top 10% of
sires producing progeny born 2006 and later were 0.135,
0.083, 0.122, 0.129, and 0.116 for Berskshire, Duroc,
Hampshire, Landrace, and Y orkshire, respectively. With
the exception of Duroc, the most popular boars for the
remaining 4 breeds are, on average, as closely related as
cousins.

After 17 generations, the most generations computed to
allow for comparison across al breeds, Landrace has the
highest mean F of 17.9% (Figure 2). That is every animal
being, on average, somewhere between half-siblings and
full-siblings. Hampshire hasthe lowest F (6.8%). After 12

100 -
80 - O>0.25
© mto 0.25
% 60 1 @10 0.20
€ 40 mto 0.15
< @ to 0.10
20 A Bto 0.05
O T T T
@ §F & £ &
AP
Q' \2\ A% A
Breed

Figure 1. Inbreeding coefficient frequencies by breed for
animals born 2006 and later
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Figure 2. Inbreeding by generation number for al breeds

generations, for al breeds, al animals have an F > 0
(Figure 3). All breeds follow a similar rate of increase in
the proportion of inbred animals.

Figure 4 shows how the average generation number
increases with number of years of registrations. The



steepest ascent was observed for Berkshire, which also has
the shortest Gl. Yorkshire plateaus during years 20 to 24,
which corresponds to 1992 to 1996. Upon investigation, it
was determined there were 13 imported animals, or sons of
imported animals, that were contributing between 216 and
1,019 offspring per boar during this time period. To verify
if these animals were reducing the dope of the curve, they
were assigned the average generation number for their birth
year, and the population’s generation numbers were
recalculated. The dope of the curve increased (Figure 5),
showing how influential afew heavily used imported males
were for the Y orkshire breed.
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Figure 3. Percent of animals with F > 0 by generation
number for all breeds
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Figure 4. Generation number by number of years of
registrationsfor all breeds

The top 10% of males produced more than 75% of all
GGP for all breeds; in Duroc and Hampshire this was more
pronounced (85 and 87%, respectively). The bottom 60%
of sires produced less than 1% of GGP across breeds.
Considering how few males are selected to become sires,
and even fewer of those selected males are producing the
vast majority of GGP, demonstrates how quickly the
genetic base can narrow in afew generations.

With the increase in Al in the swine industry (Blackburn
et al., 2003), it will beimportant to ensure inbreeding levels
do not increase more rapidly than they currently are
therefore, the swine industry may wish to incorporate
approaches into their genetic evaluation programs that
minimize the rate of inbreeding (Meuwissen, 1997).
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—=a— Yorkshire - origina - - -= - -- Yorkshire - adjusted

Figure 5. Generation number by number of years of
registrations for Yorkshire and for Yorkshire adjusted for
13 sires

Implications

This study serves as a baseline for these five pig breeds
in the U.S. Having estimated effective population size,
inbreeding levels, and inbreeding rates provides NAGP
with greater insight about the genetic diversity of these
breeds and how to pursue conservation strategies. While
the inbreeding levels are useful genetic diversity indicators,
the depth of the pedigrees is relatively shallow given the
length of time since these breeds were imported into the
U.S. Due to the pedigree depth, it might be safely assumed
the reported inbreeding levels are underestimates. Analysis
using DNA markers might further elucidate within breed
genetic diversity and the genetic differences among the
breeds presented in this study (Vicente et al., 2008).

Berkshire and Landrace are intermediate for both
effective population size and increase in inbreeding per
generation while Duroc, Hampshire, and Yorkshire are
within acceptable levels.  Inbreeding in the current
population is high for Berkshire and Landrace. These two
breeds have the fewest registrations, making an even
greater challenge for breeders to make mating decisions that
minimize long-term inbreeding and maximize performance.

The current trends suggest inbreeding will continue to
increase, potentially resulting in loss of alldes from these
populations. Broad sampling of lowly related animals
within each breed by NAGP is vital to maximize genetic
diversity for conservation activities. To date, germplasm
collections have been initiated on al five breeds (Table 1);
however, additional collections are needed and planned.
With the completion of the germplasm collection for each
of these breeds, a greater level of protection will be
afforded the swine industry.
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Table 1. Summary statistics for pedigree file size, inbreeding (F), sires and dams, change in inbreeding per generation (AF),
generation interval (Gl), effective population size (Ne), and boarsin repository for all breeds

Item Berkshire Duroc Hampshire Landrace Yorkshire
Pedigreefile size 116,758 878480 744270 126,566 727,268
Mean F 0.078 0.032 0.036 0.053 0.039
Frange 0to0.61 0to0.58 0to059 0to051 0to0.65
Unknown sires, % 1.27 1.15 1.04 2.37 3.23
Unknown dams, % 1.26 1.13 1.02 2.38 3.44
Uniquesires 6,748 26,615 23,206 7,370 40,458
Unique dams 27,487 126,289 100,246 28,827 175,985
AF 0.00647* 0.00442°  0.00458° 0.00674°  0.00443°
Gl, yr 1.65% 1.92° 2.06° 1.83° 2.21°
Ne 7728 11312 109.17 74.18 112.87
Boarsin repository, n 29 50 33 29 91

#Within arow, values without a common superscript differ (P < 0.0001).
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Table 1. Summary of data for analyses of mature cow weight (MWT, kg) and mature cow height (MHT, cm) for two samples

of Angus cows

Sample 1 Sample 2
MWT1 MHT1 MWT2 MHT?2
No. Records 23,658 13,012 23,698 13,310
No. Cows 14,056 8,131 15,038 8,439
No. Cont. Groups 1,180 581 1,227 692
No. Pedigree 43,105 43,105 44,141 44,141
Means 596.6 135.7 588.3 134.3

Table 2. Estimates of genetic parameters (SD) for mature cow weight (MWT, kg) and mature cow height (MHT, cm) for two

samples of Angus cows (single trait analyses)

Sample 1 Sample 2
Estimates MWT1 MHT1 MWT2 MHT?2
Heritability2 0.45 (0.012) 0.64 (0.018) 0.48 (0.011) 0.62 (0.018)
Repeatibility? 0.64 0.77 0.66 0.70
Cont. Group® 0.50 0.52 0.52 0.46
Phenotypic 5012.78 36.27 5332.92 33.02

Variance

#fraction of phenotypic variance not including contemporary group variance.

Pfraction of phenotypic variance including contemporary group variance.
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Table 3. Estimates of genetic parameters for mature cow weight (MWT, kg) and mature cow height (MHT, cm) for two
samples of Angus cows (two trait analyses).

Sample 1 Sample 2
Estimates MWT1 MHT1 MWT2 MHT?2
Heritability2 0.44 0.62 0.47 0.62
Repeatibility? 0.64 0.76 0.66 0.70
Cont. Group® 0.50 0.53 0.52 0.46
Phenotypic 5009.21 36.08 5285.49 32.65

Variance

#fraction of phenotypic variance not including contemporary group variance.

Pfraction of phenotypic variance including contemporary group variance.

Table 4. Estimates of correlations between mature cow weight (MWT) and mature cow height (MHT).

Sample 1 Sample 2

Genetic Permanent Environmental Genetic Permanent environmental

Correlations 0.80 0.75 0.83 0.69
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A. Pérez!, M. Montafio' J. S. Saucedo’, J. A. Terriquez® J.N. Guerrero®
'Universidad Auténoma de Baja California, Instituto de Ciencias Agricolas, Avenida Obregén y Julian Carrillo SN,
Mexicali, B.C. México. CP 21100.% University of California, Agricultural and Natural Resources, |mperial County1050 E.

Holton Road.

ABSTRACT. The objective of this study was to estimate
genetic parameters of heritability for birth weight BW,
weaning weight WW, and yearling weight YW, in a
commercial herd located, in Ojos Negros, Baja California,
Meéxico. It was used the progeny (n=21, n=30, n=33,
n=28, and n=32) of heifers and cows of inheritance
Brahman B, Brangus Br, Charolais C, Gelbvieh G, and
Simmental S, mated to sires (=3, n=3, n=3, =3, and n=
4) for B, Br, C, G, and S, respectively. Each trait was
anayzed separately by using mixed model methodol ogy.
The analytical model included: year of birth, age of cow,
sex of the calf, birth date as a covariable to adjust a
common age as fixed effects, sire and the residua as
random components. The (BW), (WW), and (YW) values
(34.67+1.06, 37.82+2.51, 41.50+ 2.51, 44.42+1.0, and,
39.83+5.1; 174.80+8.52, 206.96+29.30, 216.29+18.65,
225.29+17.87, and 266+8.92; 239.97+40.88,
261.98+20.24,  268.30+9.57,  298.50+40.16,
308.19+29.75 kg) corresponded to the progeny of dams

and

involving inheritance of B, Br, C, G, and S, mated to sires
to sires involving inheritance of B, Br, C, G, and S,
respectively. The estimates of heritability values
(hm{2}"= 0.31+0.55, h"{2}"=0.21+0.45,
h"{2}7=0.43+0.63), through the correlation among
paterna half sibs corresponded to (BW), (WW), and
(YW), respectively.

and

Key Words: Genetic parameters, Birth weight,
Weaning weigth, Y earling weight

Introduction
The key to achieving genetic improvement is that the value
of all the podtive changes outweigh the value of all the
negative changes (Garrick, 2006). This involves identifying
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animals with the best breeding values, and sdecting them to
become parents for the next generation (Bichard, 2002).
Caf birth weight is postively corrdated with weaning,
yearling and mature weights. Therefore sdection for any of
these traits would cause some increase in (BW). However
selection only for (BW) will lead to lighter postnatal weight
(Bennet et al., 2001). Schemes for changing or limiting
changing have been proposed by (MacNeil et a., 1988).
The objective of this study was to estimate genetic
parameters for BW, WW, and YW, in a commercial beef
herd.

Materialsand Methods

Progeny (n=21, n=30, n=33, n=28, and n=32) of heifers
and cows of inheritance Brahman B, Brangus Br,
Charolais C, Gelbvieh G, and Simmental S, mated to sires
(n=3 B, n=3 Br, n=3 C, n=3 n=4, and S), respectively.
The traits analyzed were: BW (n=144), WW 205 days
(n=140), and YW (n=138). Cows were mated artificially
Al to produce calves through 7 years of age.

Statitical analyses
Each trait was analyzed separately by using least squares
mixed model methodology. The analytica model
included: year of birth, age of cow, sex of the calf, hirth
date as a covariable to adjust a common age as fixed
effects; sireand theresidual asrandom components.

Resultsand Discussion
Table 1 shows estimates of mean values (34.67+1.06,
37.82+2.51, 41.50+ 251, 44.42+1.0, and, 39.83%5.1;
174.80£8.52, 206.96+29.30, 216.29+18.65,

225.29+17.87, and 266+8.92; 239.97+40.88,



261.98+20.24, 268.30+9.57,  298.50+40.16,
308.19+29.75 kg) for BW, WW, and YW corresponded to

the progeny of damsinvolving inheritance of B, Br, C, G,

and

and S, mated to sires involving inheritance of B, Br, C, G,
and S, respectively.

Birth weight

Kennedy et a. (1971) in a 4 year period study found that
BW values (29.70, 31.00 and 31.80 kg) corresponded to
caves Brahman, Africander and Shorthorn Sred by
Hereford, respectivdy, aso indicated that BW was
dgnificantly (P < .01) affected by age of dams or time of
birth (b=0.110 kg per day) but the ranking of the breeds was
not altered when the effect of time wasremoved. Strhobehn
et al. (1993) suggedts that a program of sdection for low
BW could lead to dedlinesin WW and YW, which does not
seem desrable Neverthdess in the 1981 Angus Sre
evaluation report of 673 dres liged, 59 had bdow average
BW but were above average on weaning weight, yearling
weight, and maternal breeding value (Strhobehn et d.,
1993).

Weaning weight
MacNeil et a. (1982) andyzed (n=47, 652) caf WW
recordsin 371 contemporary groups. Only records on calves
with uniquely identified sre and breed dam were used.
These authors obtained best linear unbiased edtimates
(BLUE) for individua and materna effects on 205-d
weights. The authors found that breed effects (+ standard
errors) were (226 + 1.3,-19.0+ 1.1, 122 + 0.9, -115 +
31,-101+22,-75+ 341,53+ 16,95+ 18,114 +
31,124+ 12 146+ 1.2 and29.7 + 3.1), for Red Angus
(RA), Hereford (H), Angus (A), Polled Hereford (PH),
Shorthorn (SH), Tarentaise (T), Gelbvieh (G), Limousin
(L), Chianina (CH), Charolais (C), Smmental (S), and
Maine Anjou (MA), respectively. The effect of (MA) was
(P<.01) than that of any other breed. The effect of (L) was
less (P<.01) than (S), but smilar to(CH) and (C). The effect
of (G) was significantly less than those of (L), (S), (CH),
and (C). Maternd effect of (S) was greater than that of any
other breed. Breeds that exhibited individual effects would
be more suitable as sSre breeds in production sysems
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desgnated to maximize 205-d WW. Breeds with high
maternal effects would be most useful as female parents
(MacNel et dl., 1982).

Y earling weight

Gregory e d. (1992) estimated 368-day weight 448 kg in
malesas overal mean for YW involving inheritance of Red
Pall RP, Hereford H, Angus A, Limousin L, Braunnvieh B,
Gdbvieh G, Smmenta S, and Charolais C. The YW values
(410, 382.72, 400.90, 414.09, 463.18, 472.27, 470.90,
478.18, and 470 kg) for RP, H, A, L, B, P, G, Sand C),
respectively. Based in (n=7055) these authors estimated a
mean weighted heritability value (h?=0.43+0.05) for YW
and a phenotypic standard deviation= 76.2 for this trait.
The estimates of heritability direct (h*= 0.43+0.63) at this
study was close similar if compared to estimates of
(h*=0.43) found by these authors. However different to
estimates of heritability (h’= 0.33) reported by (Koots et
al., 1994 and Green, 1999).

Genetic parameters
Edimates of genetic parameters of heritability (direct) a
this study presented in Table 2. As shown The estimates of
heritability values and their
(h?=0.31+0.55, h*=0.21+0.45, and h’=0.43+0.63). These
estimates that were calculated through the correation
among paternal half sibs corresponded to (BW), (WW),
and (YW), respectively. It can be observed that our
estimates of heritability direct (h’=0.31+0.55 and h’=0.21
+0.45) for BW and WW are quite similar to the estimated
heritability values by (Koots et al., 1994 and Green, 1999)
these authors summarized estimates of heritability direct
and maternal (h?=0.30; h? =0.14; h?=0.24; 0.13, and h*=
0.33; 0.06) for BW, WW, and YW, respectively due to
direct and materna effects, these estimates of h? of
weighted mean vaues were based on (n=167, n= 34; 234,
n=38, and n= 147, and n=6) research gudies for BW, WW,
and YW for direct and materna effects, respectively.
However our estimates of h’= 0.43+0.63 (direct) for YW
was different (30.30%) higher compared to the estimated h?
direct value (h’= 0.33) of (Koots et a., 1994 and Green,
1999). This difference in magnitude of the estimates could

standard errors were



be attributabl e to the large number data sets (n=147) used by
the authors to arrive to the weighted mean value (h?=0.33)
direct for YW.

Implications
These results show large differences among parenta
breeds for economically important traits. birth weight,
weaning weight and yearling weights. Highest birth
weight involved inheritance of Gelvbieh, Charolais, and
Simmental. Lowest birth weights involved Brahman and
Brangus inheritance. Those differences can be used for
breeders in their breeding plans. The additive genetic
(direct) effects are also important to achieve areasonable

genetic improvement on those traits.
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Table 1. Least squares means for birth weight, weaning weight, and yearling weight of progeny of heifers and
cows of inheritance Brahman, Brangus, Charolais, Gelbvieh, and Simmental, mated to sires Brahman, Brangus, Charolais,
Gelbvieh, and Simmental, respectively.

Breed Birth weight (kg) Weaning weight (kg) Y earling weight (kg)
Brahman 34.67+ 1.06 174.80+ 8.52 239.97+ 40.88
Brangus 37.82+ 2.51 206.96x 29.30 261.98 = 20.24
Charolais 41,50+ 2.51 216.29+18.65 268.30+ 9.57
Gelbvieh 4442+ 1.00 225.29+17.87 298.50+ 40.16
Simmental 39.83+ 5.10 266.00+ 8.92 308.19+ 29.75

Table 2. Heritability (direct) and their sandard errors of birth weight, weaning, and yearling weight of progeny of heifers and
cows of inheritance Brahman, Brangus, Charolais, Gelbvieh, and Simmental, mated to sires Brahman, Brangus, Charolais,
Gelbvieh, and Simmental, respectively.

Trait Heritablity Standard errors
Birth weight h’=0.31 +0.55
Weaning weight h’=0.21 +0.45
Yearling weight h’=0.43 +0.63
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ABSTRACT: The aim of this study was to determine
associations between genotypes for the prolactin receptor
(PRLR) gene and swine reproductive traits. 329 sows of
three genetic groups: Yorkshire (Y), Landrace (L), and
YL were included. Reproductive traits studied were: total
number of born (TNB), number born alive (NBA),
number of weaned piglets (NWP), litter weight at birth
(LWB), and litter weight at weaning (LWW). The
polymorphism was detected using the polymerase chain
reaction—restriction fragment-length polymorphism (PCR-
RFLP) method. The association between PRLR genotypes
with reproductive traits was evaluated by a linear model.
Least square means for all variables were calculated for
each genotype in addition to an analysis of additive and
dominance effects by genetic groups. Variations due to
genetic groups in the frequency of A allele was observed
(P<0.05). AB genotype in Y breed had the highest values
for TNB and different (P<0.05) of L. YL showed the best
performance for NBA and different (P<0.05) of Y. Not
difference among genotypes by genetic groups was
observed for NWP (P>0.05). Differences (P<0.05)
between genotypes for TNB in first parity with highest
value in BB (>10 piglets), were observed in this study. In
general, additive effect per allele B resulted in an increase
(P<0.05) of 2.26 pigs (TNB), and of 0.42 kg (LWB) per
litter. Dominance effect was important (P<0.05) for TNB
and LWB. Additional data is needed to confirm the
significant effects of this gene on reproductive traits in
swine.

Key Words. Prolactin receptor gene, Litter Size
Reproduction, Pigs
Introduction
Reproductive  performance determines the

economic efficiency in pig production systems because of
its effects on productivity. Prolactin receptor (PRLR) is
the specific receptor for prolactin, which is an anterior
pituitary peptide hormone involved in many different
endocrine activities and is essential for reproductive
success (Vincent et al., 1998). All actions of prolactin are
mediated by its receptor (Van Rens et al., 2003). The
prolactin receptor, encoded by PRLR gene, is a member
of the growth hormone/prolactin receptor gene family
containing regions of identical sequences (Kelly et al.,
1991). The prolactin and growth hormone receptors are
homologous to receptors for members of the cytokine
superfamily (Clevenger et al., 1998). Swine ovaries and
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endometrium contain PRLRs, which are distributed in a
pregnancy-dependent way (Young et al., 1989).
Endometrial prolactin receptor numbers increase on day
12 of pregnancy. The increase is stimulated by conceptus
estrogen production, which allows for redirection of
prostaglandin F2a secretion to support corpus luteum
function (Pope, 1994). This implies a potential role of
PRLR in preparing and maintaining a proper environment
for pregnancy in pigs. Thus, based on the physiological
effects, PRLR gene is a strong candidate gene for
reproductive traits in pigs.

A positive association was reported between AA
genotype and litter size. In first litters, the AA genotype
was correlated with higher numbers of piglets born alive
(Rothschild et al., 1998; Vincent et al., 1998). Allelic
additive effects (a) ranged from zero to 0.59 and 0.71 pigs
per litter for total number of piglets born and number born
alive, respectively (Vincent et al., 1998). Associations
have been reported for Landrace (Vincent et al., 1998).

The aim of this study was to determine
associations between genotypes for the prolactin receptor
(PRLR) gene and swine reproductive traits.

Materialsand Methods

Animals. This study included 329 sows (14 of
Landrace (L), 15 of Yorkshire (YY), and 300 of Yorkshire
x Landrace (YL) genetic groups) from NW region of
Meéxico.

DNA samples. A total of 3 ml of blood was
collected from each animal in tubes containing a buffer
solution of sodium citrate as anticoagulant and used to
prepare the package of white blood cells. Whole blood
samples were centrifuged at 1000 rpm for 5 min and the
supernatant was eliminated. A volume of 5 to 10 ml. of a
solution of NaCl at 0.2% was added to the sediment.
Then, It was mixed and centrifuged to 2000-2500 rpm for
5 minutes. White cells were recovered as a package and
were washed using NaCl at 0.2%. The package was stored
at -20°C. The extraction of DNA was done manually from
whole blood using a kit (Ultra Cleanz™ DNA Blood Spin
Kit, MO BIO Laboratories, Inc.). For the extraction of
DNA a volume of 10 pl of a lysis buffer (100 mM Tris-
HCI, pH 7.6, EDTA 40 mM, pH 8.0, 0.5% SDS) was
added, followed by a volume of 1/200 of proteinase K 20
mgml™ being incubated at 37°C from 2 hr to overnight.
After 1 or 2 steps extraction of phenol (diluted solution
with a buffer TE) and 1 step extraction CHCl3, a volume
of 2 of EtOH was added to obtain a precipitate containing



DNA, then DNA was washed with EtOH 75% and re-
suspended in sterile distilled water or solution TE
buffered for storage at -20°C.

Genotyping. The genotypes of PRLR gene were
identified by means of the PCR-RFLP method. The
polymerase chain reaction (PCR) was carried out in 0.2
ml tubes utilizing thermocycler iCycler (Bio-Rad) with
primers whose sequences were proposed by Linville et al.
(2001). Primers were as follows: the forward primer: 5’
CGG CCG CAG AAT CCT GCT GC 3’ and the reverse
primer: 5 ACC CCA CCT TGT AAC CCATCA TCC 3.
The PCR amplification (25 xL final volume) was
performed using 30 ng of genomic porcine DNA, 10x
PCR buffer, 2.5 uL each dNTP, 2 L each primer, and 0.4
1L Tag DNA polymerase (Nova Taq"™ DNA). Conditions
were 1 cycle at 94°C for 10 min, 40 cycles (94°C, 30 seg;
60°C, 60 seg; and 72°C, 30 seg), followed by 1 cycle at
72°C for 10 seg, stopped to 4°C. After PCR, 5 ul of
product was digested by 0.8 L of restriction enzyme Alu
I (Fermentas Inc. USA), and the product was resolved in a
agarosa gel at 2%. The AB and BB genotypes were
distinguishable by the intensity of the 127-bp band, which
was much darker in the AB genotype. A monomorphic
band of size 35 bp comigrated with the 35-bp digestion
product in the B allele.

Reproductive traits. Reproductive traits studied
were: total number of born (TNB), number born alive
(NBA), number of weaned piglets (NWP), litter weight at
birth (LWB), and litter weight at weaning (LWW).

Satistical Analysis. A total of 406 litter records
were included in the analyses. The weaning in piglets was
reached at 21 days of birth. The association between
PRLR genotypes with reproductive traits was evaluated
using following linear model:

Yippsa SR T G+ P+ T35, + PRER; + Sy
where Yijum is the phenotypic record of TNB, NBA, NWP,
LWB and LWW, p is the general mean, G; is the effect of
genetic group of sow (i = L, YL, Y), P; is the effect of
parity number ( j = 1, >2), YS is the effect of the subclass
year-season of birth (k =1.2,..., 8), PRLR is the effect of
the PRLR genotype (I = AA, AB, BB), and &jym is the
random error NID (0, o% ). Moreover, all interaction
effects were included. Those non-significant interactions
(P> 0.10) were not included in the model. The analysis
was performed using the GLM procedure in SAS 9.1.3
(Herrera and Barreras, 2005). For additive (a) effect of
PRLR genotypes a covariate of the number of favorable
alleles in the genotype (0, 1, or 2) while for dominance (d)
effect a covariate with values 0,1, and 0 in substitution of
AA, AB, and BB genotypes were included in the linear
model and estimated utilizing GLM procedure of SAS.

Results and Discussion

The AA genotype represented only 19% in this
study. B allele was more abundant in contrast with A
allele (0.54 vs 0.46), with standard error of .017.
Variations due to genetic groups in the frequency of A
allele was observed (P<0.05). Frequencies for the A allele
were: Landrace = 0.79, Yorkshire = 0.76, and YL = 0.36.
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Independently of the genetic group, in our study the
frequency of PRLR-A allele was higher than the results
reported by Hernandez et al. (2006) in México, Kmie¢
and Terman (2004), and Korwin-Kossakowska et al.
(2003) in Poland, but lower than Terman (2005), and
similar to Putnova et al. (2002) in Large White pigs.
Genotype at the PRLR locus has been shown to explain a
significant portion of variation in litter size in Large
White, Meishan and Landrace based lines (Vincent et al.,
1998). Prolactin affects production of progesterone and
relaxin from the corpora lutea (Li et al., 1989).

For the interaction genetic group X PRLR
genotype, AB genotype in Y breed had the highest values
for TNB and different (P<0.05) of L. YL showed the best
performance for NBA and different (P<0.05) of Y. Not
difference among genotypes by genetic groups was
observed for NWP (P>0.05). Van Rens and van der Lende
(2002) conducted a study to determine the effects of
PRLR polymorphism on reproductive traits, where the
polymorphism at PRLR tended to affect litter size with
AA gilts having larger litters. This did not agreed with the
result of Drogemuller et al. (2001) where the B allele
indicated an additive effect on NBA trait. Isler et al.
(2000) also found the B allele to be favorable. They found
that it influences significantly the number of fetuses per
uterine horn, average fetal weight and total fetal weight in
Yorkshire x Large White crossbred pigs. The BB
genotype was not found in Landrace and Yorkshire
genetic groups in this study. For LWB trait in YL group,
BB genotype showed a better (P< 0.01) reproductive
performance compared with homozygous AA (15.2 vs
14.1 kg, respectively). The results of this study agree
partially with Vincent et al. (1998) whose showed that the
A allele was significantly associated with increased litter
size measured by TNB and NBA. For TNB and LWB
traits, in Landrace group, differences between genotypes
were observed (P<0.01), with better performance in AA
genotype.

Considering that the parents transmit genes and
not genotypes to the next generation, is necessary to know
the value associated to the gene instead of the genotype,
i.e. the average effect of the gene-substitution or additive
effect (Falconer and Mackay, 1996). Besides, in
populations with the presence of heterozygotes, is
important to estimate the interaction value of alleles or
dominance effect. A negative increase of 2.26 pigs
(TNB), and positive of 0.42 kg (LWB) per litter per copy
of allele Alul A and different from zero (P<0.05) was
estimated. In the same variables, the dominance effect of
PRLR was -2.67 pigs and -0.56 kg, respectively and
different (P<0.05) from zero. In general, the additive and
dominance effects of alleles for PRLR gene in NBA,
NWP, and LWW resulted not different from zero (P>
0.05).

In the analysis by genetic group, Landrace,
Yorkshire and YL genetic groups showed additive and
dominance effects for TNB, NBA, NWP, and LWB
values not different from zero (P> 0.05). For LWW
variable, substitution of A for B allele in Landrace group
resulted in -8.37 kg (P=0.07) while the value for
heterozygosis was de 8.37 kg (P=0.07).



There was no significance (P> 0.05) in additive
and dominance effects for LWW in YL and Yorkshire.
Drogemuller et al. (2001) reported effects of the A allele
ranged from 0.2 piglets per litter difference between
homozygotes in Large White to more than one piglet in a
Landrace population (Southwood et al., 1995).

Vincent et al. (1998) found inconsistent the mode
of additive gene action for allele A on NBA trait with
estimates fluctuating from -0.33 to +0.47 piglets per
litter. In this study the range of additive effects for NBA
was from -0.07 to -0.29 piglets. Furthermore, for Vincent
et al. (1998) was not obvious whether PRLR is a major
gene for litter size or it is only a linked marker to a gene
determining the effect. Associations between the
candidate gene and trait may vary between populations, or
families. This may be a possible reason for the lack of
significant PRLR effects (Drogemuller et al., 2001) or
maybe the observed variation among genetic groups could
be due only to sampling strategies. One possible reason
for the lack of effect in the current study is that different
linkage disequilibrium existed in the genetic groups.

Implications

These findings imply that no differences were
detected between genotypes for reproductive variables.
Independently of genetic group, the additive and
dominance effects of alleles for PRLR gene were in TNB
and LWB traits, with additive effect in TNB of 2.26
piglets and 0.42 kg for LWB. In the analysis by genetic
group, Landrace showed additive effects for LWW values
with 8.37 kg. The results suggest a major study of the
polymorphism in the PRLR gene and its effects on
reproductive traits in order to include the gen information
in selection programs.
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ABSTRACT: We determined the effects of rumen-
protected choline (RPC) supplementation of beef cows
during the periparturient period on subsequent calf
performance and carcass characteristics at harvest. Angus
crossbred cows (n = 181) were stratified by age, BW, and
body condition score, and assigned randomly to one of two
groups: control (CON) and RPC. Treatments were initiated
50 d before expected onset of calving and continued for 120
d. Cows were maintained in separate groups, and received
forage sorghum hay ad libitum and 0.91 kg/hd/d ground
milo containing a trace mineral supplement; RPC was
added to the grain supplement to provide 4 g/hd/d choline
for the RPC-treated cows. Calf BW was recorded at birth,
weaning, receiving at feedlot, and pre-harvest. All calves
received the same finishing diet and were fed to reach an
average endpoint of 12 mm of backfat at the 12" rib and
harvested in three groups. Calf birth date, BW at birth, 205-
d adjusted weaning BW, BW at harvest, and harvest group
did not differ (P > 0.20) between treatments. Calf ADG
from receiving to harvest did not differ (P > 0.50) between
treatments. Hot carcass weight and dressing percentage did
not differ (P > 0.18) between treatments and averaged 352.0
+ 3.5 kg and 62.3 £ 0.2%, respectively. Carcass KPH (3.13
+ 0.07%), backfat (0.53 = 0.02 mm), and marbling score
(60.7 £ 1.2) did not differ (P > 0.19) between treatments;
however, LM area of calves from RPC-supplemented cows
was smaller (P = 0.03) than the LM area of calves from
control cows (75.8 + 1.3 vs. 80.3 + 1.2 cm?, respectively).
Yield grade was similar (P = 0.35) between treatments and
averaged 3.53 £ 0.07; quality grade distribution was similar
(P = 0.62) between treatments (23.6% Prime, 73.6%
Choice, and 2.8% Select). These data were interpreted to
suggest that peri-parturient rumen-protected choline
supplementation of beef cows had little effect on
subsequent performance of calves or their carcass
characteristics.

Key Words: Beef Calves, Choline, Supplementation
Introduction

Fetal programming, in theory, results from maternal
stimuli during fetal development that influences the
physiology of the fetus and postnatal growth and health
(Barker et al., 1993). Maternal energy intake of 150 or 215
Kcal ME/kg/d by pregnant beef heifers did not affect
nitrogen or gross energy content of fetuses or gravid uteri
(Ferrell et al., 1976). Prior and colleagues (1979) concluded

that restriction of energy intake by pregnant heifers, when
dam BW was maintained, had little influence on fetal
development. These authors also reported that plasma
NEFA concentrations were not influenced by dietary energy
intake. Previously, blood NEFA concentrations were
thought to be a useful indicator of nutritional status in
ruminant, particularly during pregnancy and lactation.

Increased plasma NEFA results in increased uptake
by the liver where NEFA are esterified to triglycerides,
oxidized to ketone bodies, or oxidized to carbon dioxide.
The esterification of NEFA to triglycerides and their export
as VLDL involves choline. In addition, choline serves as a
methyl donor for the synthesis of carnitine. Carnitine is
essential for fatty acid oxidation. Decreased plasma NEFA
of cows supplemented with rumen-protected choline (RPC)
reported by Pinotti and coworkers (2003) may have resulted
from more efficient liver function and improved lipid
metabolism. In addition, supplementing beef cows with
RPC during the prepartum period tended to increase ADG;
however, supplementation during the postpartum period
resulted in accelerated weight loss similar to previous
reports for dairy cows (Jaeger et al., 2008).

Based on these data, our hypothesis was that
supplementation of beef cows with RPC during late
gestation may alter plasma NEFA levels without altering
energy intake. Therefore, our objective was to determine if
providing RPC to beef cows during the final 50 d of
gestation could improve subsequent calf performance and
carcass characteristics at harvest, possibly through the
mechanism of fetal programming.

Materials and Methods

Animals, Treatments and Diet. Procedures were
approved by the Kansas State University Institutional
Animal Care and Use Committee. Angus-cross cows (n =
181; age = 3 to 11 yr) were stratified by age, BW, and body
condition score (BCS; 1 = emaciated, 9 = very obese;
Wagner et al., 1988) and assigned randomly to one of two
treatment groups: control (CON) or rumen-protected
choline (RPC). Treatments were initiated 50 d before the
expected beginning of the calving season and continued for
120 d. During the treatment period, cows were maintained
in separate groups and received forage sorghum hay ad
libitum and 0.95 kg/hd/d supplement. Supplement
contained rumen-protected choline (4 g/hd/d choline) and
SQM trace mineral (Quali Tech, Chaska, MN) for RPC-
treated cows and SQM trace mineral only for control cows
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(Table 1). Cows were combined into a single group
following the supplementation period.

Table 1. Supplement composition.

Treatment group

Ingredient, % DM Control RPC
Rolled milo 69.05 69.05
Soybean meal 25.00 25.00
Trace mineral supplement (5.95 %)
Zinc 0.08 0.08
Manganese 0.08 0.08
Copper 0.03 0.03
Rumen-Protected Choline 0.00 0.54

Calf Management and Data Collection. Treatment
effects on early calf performance was assessed by
measuring calf BW on the day of birth, when all calves
averaged 56 d of age, and at weaning (adjusted to 205 d of
age). Upon placement in a feedlot, cattle were weighed and
assigned randomly to a receiving pen on the basis of
treatment. Calves were adapted to a common receiving diet
and fed for 56 d. Calf BW were measured at 28 d intervals
during the receiving period. Following the receiving period,
replacement heifers were removed from the trial and steers
were implanted with Synovex-Choice (Fort Dodge Animal
Health, Overland Park, KS). Steers were subsequently
adapted to a common finishing diet (Table 2) and fed to a
common harvest endpoint. The finishing diet was
formulated to achieve an ADG of 1.58 kg at a DMI of 2.5%
of BW.

Cattle were fed using a slick-bunk method with feed
calls collected each morning before feeding. Daily pen DMI
was recorded at 0800 daily. and at 56-d intervals during the
finishing phase and also immediately prior to harvest.

Table 2. Average ingredient and nutritional composition
of the finishing diet.

Ingredient %, DM Basis
Ground Sorghum Grain 79.98
Sorghum silage 17.80
Soybean meal 2.08
Limestone 0.25
Ammonium Sulfate 0.11
Nutrient Composition % of DM
CP 12.84
Ca 0.32
P 0.33
NE,, Mcal/kg 1.87
NEg, Mcal/kg 1.24

* Diet also included salt, Rumensin® 80, Tylan® 40, and
trace minerals

Harvest and Data Collection. Steers were fed to
reach an average endpoint of approximately 12 mm of
backfat at the 12" rib and placed into one of three slaughter
groups. Once steers reached the targeted carcass endpoint as
determined by ultrasound using an Aloka 500V (Aloka Co.,
Ltd, Wallingford, CT) B-mode instrument equipped with a
3.5-MHz general purpose transducer array (UST 5021-125

mm window), they were transported 144 km to a
commercial abattoir. After the carcasses chilled for
approximately 48 h, they were ribbed and graded. Carcass
measurements were collected by digital imaging software
and included 12" rib fat thickness, 12" rib LM area and
marbling score. Using these measurements, yield grade and
quality grade were assigned according to USDA (1997).
Kidney-pelvic-heart fat was determined by difference in
carcass weight after removal of all internal fat by dissection.

Statistics. Calf BW, ADG and carcass characteristics
were analyzed as a completely randomized design using the
Proc Mixed procedure of SAS (SAS Inst. Inc., Cary, NC).
Animal served as the experimental unit. Calf DMI and feed
efficiency were analyzed using Proc Mixed procedure of
SAS with pen serving as the experimental unit.

Results

Average calving date occurred on d 78 of the study.
Supplementing dams with RPC had no effect (P = 0.99) on
calf birth weight which averaged 40.9 + 2.3 kg. Conversely,
calves from CON-supplemented cows tended (P = 0.08) to
have greater ADG at 56 d of age than calves from RPC-
supplemented cows (1.00 + 0.22 vs. 0.93 + 0.27 kg/hd/d,
respectively). Calf 205-d adjusted weaning BW, BW at
harvest, and harvest group were similar (P > 0.20) between
treatments.

Calf ADG from receiving to harvest did not differ (P
> 0.50) between treatments. Hot carcass weight and
dressing percentage did not differ (P > 0.18) between
treatments and averaged 352.0 + 3.5 kg and 62.3 £ 0.2%,
respectively (Table 3). Carcass KPH (3.13 + 0.07%),
backfat (0.53 + 0.02 mm), and marbling score (60.7 + 1.2)
did not differ (P > 0.19) between treatments; however, LM
area of calves from RPC-supplemented cows was smaller
(P = 0.03) than the LM area of calves from control cows
(75.8 + 1.2 vs. 80.3 + 1.3 cm?, respectively). Yield grade
was similar (P = 0.35) between treatments and averaged
3.53 £ 0.07; quality grade distribution was also similar (P =
0.62) between treatments (23.6% Prime, 73.6% Choice, and
2.8% Select).

Table 3. Carcass characteristics of calves born to dams that
received either control (CON) or rumen-protected choline
(RPC; 4 g/hd/d choline) supplement for 50 d pre- and 70 d
postpartum.

Treatment group

Carcass trait CON RPC
HCW, kg 355.4+54 349.2+49
Dressing percentage 62.6 +0.3 62.0+0.3
Carcass KPH 3.2+0.1 3.0+0.1
12th-rib fat, cm 1.31+0.06 1.36 + 0.06
Marbling score 61.9+1.8 59.6+1.6
LM area, cm? 80.3+1.3 758+ 1.2
Yield grade 3.44+£0.13 3.62+0.13
Quality grade, %

Prime 30.6 175

Choice 65.3 80.7

Select 4.1 1.8
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Discussion

Zahra and coworkers (2006) reported that
periparturient dairy cows with BCS > 4 had greater milk
production when supplemented with 14 g RPC/hd/d
compared to no RPC. Likewise, Pinotti and coworkers
(2003) observed increased milk production following RPC
supplementation of periparturient dairy cows with 20 g/hd/d
dietary choline. Based on these data, we anticipated an
increase in calf ADG during early lactation due to increased
milk production; however, we observed that CON calves
tended to have greater ADG at 56 d of age compared to
RPC calves. Zahra and coworkers (2006) reported that thin
cows (BCS < 4) supplemented with RPC and
unsupplemented, adequately-conditioned cows produced
similar amounts of milk. Cows in our study had an initial
average BCS of 5.4 and a final average BCS of 5.3;
however, these BCS may not have been adequate to elicit
the increased milk production that was previously observed
with fleshy dairy cows.

Calves born to dams fed a prepartum protein
supplement and calves born to unsupplemented dams had
similar BW at birth (Stalker et al., 2006); however, these
researchers reported that weaning weight increased due to
prepartum supplementation. Larson and colleagues (2009)
also reported that weaning weight increased following
prepartum protein supplementation of cows grazing native
range. Calf BW at birth and weaning were not affected by
prepartum supplementation in our study.

Prepartum protein supplementation did not affect
feedlot ADG, feedlot DMI, or carcass weight but tended to
increase LM area (Stalker et al., 2006; Larson et al., 2009).
In addition, prepartum protein supplementation resulted in
greater marbling scores,and more favorable USDA quality
grade distribution but did not influence USDA vyield grades
(Larson et al., 2009).

Previous research suggests that fetal programming
may occur in winter grazing systems during late gestation
when supplemental protein is added to the diet. Increased
dietary CP causes increased starch digestion and absorption
in conjunction with increased serum insulin concentration
(Lopez et al., 2001). In addition, concentrate diets may
increase the glucose uptake of intramuscular adipose cells,
attributable in part to increased serum insulin (Rhoades et
al., 2007). Previous research with dairy cows demonstrated
that periparturient RPC supplementation resulted in
increased liver glycogen and liver esterified lipids secretion
(Piepenbrink and Overton, 2003) and decreased plasma
NEFA (Pinotti et al., 2003).

Implications
Supplementation of periparturient beef cows with

rumen-protected choline had little effect on subsequent
performance of calves or their carcass characteristics.
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POST WEANING MANAGEMENT OF HEIFER CALVESIMPACTS AVERAGE DAILY
GAIN AND FEED EFFICIENCY ASPREGNANT HEIFERS
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ABSTRACT: Three experiments evaluated replacement
heifer development systems and subsequent effects on gain
and efficiency of pregnant heifers. In Exp. 1 and 2, were
developed grazing corn residue (CR; 422 + 5kg) or fed in a
dry lot (DL; 446 + 5 kg) prior to breeding. In Exp. 1, a
subset of pregnant heifers (n = 40) were individually fed a
diet composed of 90% grass hay (11.7 % CP, DM basis)
and 10% of a wet digtillers grains plus solubles/straw
mixture (21.8 % CP, DM basis) during late gestation. In
Exp. 2, 55 pregnant heifers that grazed CR (437 + 8 kg) or
were fed in a DL (445 + 8 kg) prior to breeding, or a
mixture of the two (435 * 8 kg), grazed CR with a
supplement (0.45 kg/d; 28% CP) during late gestation. In
Exp. 3, 49 pregnant heifers that grazed CR (396 + 7 kg) or
dormant winter range (WR; 401 £ 7 kg) prior to breeding,
or a mixture of the two (396 + 8 kg), grazed CR with a
supplement (0.45 kg/d; 28% CP) during late gestation. In
Exp. 1, pregnant heifers developed in the DL had a greater
(P = 0.04) DMI than heifers developed grazing CR,
however ADG was not different (P = 0.29). Thus, pregnant
heifers developed in the DL had a lower (P = 0.08) G:F
than heifers developed grazing CR. In Exp. 2, pregnant
heifers grazing CR during late gestation that grazed CR
during development gained more (P = 0.04), and
maintained a greater (P = 0.08) BCS prior to calving, than
heifers developed in the DL. The mixture of CR and DL
developed pregnant heifers had an intermediate ADG. In
Exp. 3, pregnant heifers grazing CR during late gestation
that grazed CR during development gained more (P = 0.02)
than heifers that grazed WR or the combination of WR or
CR developed heifers. Heifer BCS prior to calving was
similar (P = 0.81) in Exp. 3. Heifers grazing CR post
weaning gain more and are more efficient while grazing CR
as pregnant heifers. The benefit of grazing CR post weaning
is most pronounced compared to heifers developed in the
DL. These data provide evidence of an adaptive response to
grazing low quality forages and may be beneficial in the
critical period leading up to the first calving season.

Key Words. Adaptation, Low quality forage, Primiparous
heifer

Introduction

Current recommendations indicate a heifer should
reach approximately 65% of mature BW by the first
insemination for successful reproduction (Patterson et al.,
1992). However, recent data demondtrate heifers reaching
less than 58% of mature BW by breeding do not display
impaired reproductive performance  (Funston and

Deutscher, 2004; Martin et a., 2008). Heifers developed on
an excessively high plane of nutrition have impaired milk
production, which reduces productivity (Ferrel et. al.,
1976). Heifers developed grazing corn residue (CR) gain
less during winter grazing, but compensate during the
summer, yet are lighter prior to first caving (Larson et al.,
2009). Perhaps cows developed grazing CR are more
efficient. Lighter cows may have smaller liver mass
(Jenkins et al., 1986) and a smaller liver mass is associated
with improved feed efficiency (DiCostanzo et al., 1991).
There is also anecdotal evidence of a learning curve
associated with grazing CR. It may be that cows grazing
CR as virgin heifers are better adapted to graze CR prior to
calving.

The objective of the current experiments was to
evaluate the effect of replacement heifer devel opment
system on subsequent gain and efficiency of pregnant
heifers.

Materials and Methods

The University of Nebraska-Lincoln Ingtitutional
Animal Care and Use Committee approved the procedures
and facilities used in these experiments.

Experiment 1. The effect of hefer development
system on ADG and feed efficiency during gestation was
evaluated. Following weaning, predominately Angus-based
heifers were transported to the West Central Research and
Extension Center (WCREC), North Platte, NE. After a
receiving period, heifers were blocked by initial BW and
randomly assigned to graze CR (n = 50) or consume a diet
inadry lot (DL; n =50).

The CR hefers grazed for approximately 88 d and
were offered 0.45 kg/d of a 28% CP (DM basis) supplement
daily. Following CR grazing, heifers grazed dormant mixed
grass upland range with 0.45 kg/d of a 28% CP (DM basis)
supplement daily for 60 d. Heifers then entered the DL and
were offered a common diet for 47 d until completion of
Al. Following weaning, heifers assigned to the DL grazed
mixed upland winter range and were offered 0.45 kg/d of a
28% CP (DM basis) supplement daily for 45 d. Heifers then
entered the DL and were offered a common diet for 128 d
until completion of Al. The DL diet was formulated to
achieve an ADG alowing heifers to reach approximately
65% of mature BW (600 kg) prior to Al (NRC, 1996).

Estrus was synchronized using MGA/PGF followed
by estrus detection and Al. After Al, heifers were exposed
to fertile bulls at arate of least one bull:50 heifers for 60 d.
Approximately 45 d after Al, first service conception was
determined via trangrectd ultrasonography and final
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pregnancy rate was determined via transrecta
ultrasonography 45 d after bulls were removed. After
pregnancy diagnosis, non-pregnant heifers were sold.
During the breeding season and until individual feeding
began in October, hefers grazed mixed grass upland
summer rangein asingle group.

Primiparous heifers pregnant by Al (n = 40) were
blocked by previous development system and BW. Only
heifers pregnant by Al were used to remove variation dueto
period of gestation. Heifers were originally developed
grazing CR (422 + 5kg; n=20) or fed in aDL (446 + 5kg;
n = 20) prior tofirg breeding. Heiferswereindividually fed
once daily using a Cadan Broadbent feeding system. The
heifers were trained to use the system for approximately 25
d prior to the beginning of the 70-d test period. Body
weight was measured for three consecutive d at the
beginning and end of the study to compute an average.
Interim BW was measured every 14 d. The pregnant heifers
consumed a diet composed of 90% grass hay (11.7 % CP,
DM basis) and 10% of a wet distillers grains plus
solubleg/straw mixture (21.8 % CP; DM basis) during late
gestation. Individual feed offered was recorded daily and
individual feed refusal was recorded weekly. Data were
anadyzed using the MIXED procedure of SAS with the
fixed effect of development system and pen as random
effect.

Experiment 2. Pregnant heifers grazed CR prior to
calving with a supplement (0.45 kg/d; 28% CP) to evaluate
effect of heifer development system prior to first breeding
on gain during late gestation. Heifers utilized in Exp. 2
were from the same herd as heifers in Exp. 1 and were
developed following the same protocols through pregnancy
diagnosis. However, heifers used in Exp. 2 were pregnant
as aresult of a combination of either Al or natural mating.

Pregnant heifers (n = 55) were blocked by BW and
mating type and sorted into three groups. The treatment
groups included: heifers developed prior to breeding in a
DL (445 + 8 kg; n = 18), heifers developed prior to
breeding grazing CR (437 + 8 kg; n = 18), and a mixture of
the two development systems (MIX; 435 + 8 kg; n = 19).
Heifers were transported to CR December 1 and returned to
WCREC February 18, grazing CR for 80 d. While grazing
CR during late gestation, heifers were offered the
equivalent of 0.45 kg/d of a 28% CP (DM bass)
supplement provided three times per wk. Heifer BW was
measured at d 1, 51 and 80. In addition, heifer BCS was
assessed at d 80.

Experiment 3. The effect of development system prior
to breeding on gain during late gestation while grazing CR
was evaluated. Composite Red Angus x Simmental heifer
calves (n = 90) from the Gudmundsen Sandhills Laboratory
(GSL) near Whitman, NE were assigned randomly by
initial BW (225 + 2 kg) to graze CR or winter range (WR)
between weaning and the breeding season. Grazing
treatments were initiated approximately 30 d after weaning,
beginning in mid-November, and continuing through mid-
May. Heifers either grazed WR pastures at GSL or were
transported to CR fields and grazed for 88 d. A daily
supplement was offered (0.45 kg/d; 28% CP) while grazing.
Subsequently, all heifers grazed WR for 100 d until
breeding with a daily supplement (0.45 kg/d; 28 % CP).

Estrus was synchronized with a single i.m. injection of
PGF,, administered 108 hr after bulls were turned in with
the heifers. Heifers were exposed to fertile bulls (1 bull:25
heifers) for 45 d. Pregnancy diagnosis was performed via
trangrectal ultrasonography approximately 45 d following
completion of the breeding season. After pregnancy
diagnosis, non-pregnant heifers were sold. During the
breeding season and until grazing CR, heifers grazed
upland Sandhillsrange.

A subset of the pregnant heifers (n = 49) were blocked
by BW and sorted into three groups: heifers devel oped prior
to breeding grazing WR (401 £ 7 kg; n = 17), heifers
developed prior to breeding grazing CR (396 = 7 kg; n =
17), and a mixture of the two development systems (MIX;
396 * 8 kg; n = 15). Pregnant heifers grazed CR during late
gestation with a supplement (0.45 kg/d; 28% CP) provided
three times per wk in late gedtation. Heifers were
transported to CR fields December 1 and returned to GSL
February 18, grazing CR for 80 d. Heifer BW was
measured at d 1, 51, and 80. In addition, heifer BCS was
assessed at d 80.

Satistical analysis (Exp. 2 and 3). The corn residue
fields were of differing acreage and corn yied. According
to the data of Wilson et al. (2004), corn yield influences the
carrying capacity of a corn residue field. The reationship
between yield and carrying capacity is mass of leaf and
husk per acre = ([bushels/acre corn yield x 38.2] + 429) x
0.39. Assuming the forage mass to support 1 AUM is equal
to 311 kg of biomass and a 50% utilization rate, then the
carrying capacity of a corn residue field may be cal culated.
The number of AU represented by each individual heifer
and the number of AUM supported by the acreage of the
field was utilized to adjust the gain data. Subsequently, data
were analyzed with MIXED procedure of SAS (SAS Ing.
Inc., Cary, NC). The model included the fixed effects of
previous winter development treatment and AUM per field
per animal.

Results and Discussion

Heifer gain data for Exp. 1 is summarized in Table 1.
In Exp. 1, pregnant heifers developed prior to breeding in
the DL had a greater (P = 0.04) DMI than heifers devel oped
grazing CR, however ADG was not different (P = 0.29).
Thus, pregnant heifers developed in the DL had alower (P
= 0.08) G:F than heifers developed grazing CR. Previous
data indicated heifers devel oped to a greater weight prior to
breeding had a greater liver mass at 72 months of age
(Arnett et al., 1971). DiCostanzo et a. (1991) found that
cows with a greater liver mass consumed more DM, and
were less efficient, than cows with less liver mass. Heifers
developed grazing CR were lighter prior to calving than
heifers developed in the DL (Larson et al., 2009). Perhaps
these lower BW heifers were more efficient due to
differences in metabolism. The CR developed heifers may
also have experienced compensatory gain, linked to
alterations in metabolic hormones such as IGF-1 and T3/T4
(Yambayamba et a., 1996).

Heifer gain data for Exp. 2 is summarized in Table 2.
Pregnant heifers grazing CR during late gestation that
grazed CR during development gained more (P = 0.04), and
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tended to maintain a greater (P = 0.08) BCS prior to
calving, than heifers developed in the DL. The mixture of
CR and DL developed pregnant heifers had an intermediate
ADG but were not different from CR or DL. Heifer gain
data for Exp. 3 is summarized in Table 3. In Exp. 3,
pregnant heifers grazing CR during late gestation that
grazed CR during devel opment gained more (P = 0.02) than
heifers that grazed WR or the combination of WR or CR
developed heifers. Heifer BCS prior to calving was similar
(P=0.81) in Exp. 3.

Heifers that previoudy grazed CR were more efficient
(DiConstanzo et al., 1991) or experienced more
compensatory gain (Yambayamba et al., 1996) than heifers
developed in the DL. Heifers developed grazing CR aso
gained more than heifers developed grazing WR, athough
precalving BW was not different (Larson et al., 2009). It
seems likely a mechanism other than a change in efficiency
is partially responsible for the differencein gain.

Previous data has suggested cattle require an
acclimation period to grazing corn residue. Research
conducted by Fernandez-Rivera and Klopfenstein (1989 a
and b) determined that naive cattle require alearning period
when grazing corn residue. Dietary starch content indicated
younger cattle consumed less starch in the first 3 wks of
grazing compared to older, experienced cattle (Fernandez-
Rivera and Klopfenstein, 1989a). Thus, naive cattle gained
less weight early in the grazing season and may lose weight
early in the grazing season (Fernandez-Rivera and
Klopfenstein, 1989b). Perhaps heifers originally grazing CR
during development were better prepared to graze as
pregnant heifers, leading to selection of higher quality
nutrients and greater gain. Moreover, heifers developed in
the DL, grazing CR during the first pregnancy combined
with heifers developed grazing CR, gained more than DL
developed heifers grazing separatdy. Although heifers
developed grazing CR had a greater BCS prior to calving
than hefers developed in the DL, there was no precalving
BCS difference between WR and CR developed heifers.
Thus, it appears exposing heifers to low quality forage
during development better prepares them for grazing CR
during thefirst pregnancy.

Implications

These data provide evidence of an adaptive response
to grazing low quality forages and may be beneficial in the
critical period leading up to the first calving season. Not
only does grazing CR during development improve feed
efficiency, but also prepares heifers for grazing CR during
pregnancy. Grazing low quality forage during devel opment
may produce a heifer better adapted to a lifdong grazing
system.
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Table 1. Effect of heifer development system on ADG and feed efficiency of pregnant heifers, Exp. 1

Treatment’

DL CR SEM P-value
n 20 20
Initial BW, kg 446 422 5 0.002
Final BW, kg 500 480 6 0.03
DM, kg 11.7 11.1 0.3 0.04
ADG, kg/d 0.75 0.81 0.04 0.29
G:F, g/ kg 0.065 0.073 0.0 0.08

DL = heifersdeveloped in adry lot; CR = heifers developed on corn residue.

Table 2. Effect of heifer development system on ADG of pregnant heifers grazing CR, Exp. 2

Treatment®
DL CR MIX SEM P-value
n 18 18 19
Initial BW, kg 445 437 435 8 0.71
Final BW, kg 466 486 469 9 0.27
ADG, kg/d 0.31% 0.5¢" 0.44% 0.07 0.04
BCS 5.14 5.47 5.47 0.14 0.08

DL = heifers developed in adry lot; CR = heifers developed on corn residue; MIX = mixture of heifers from DL and
CR treatments.
¥ Means without a common superscript differ (P <0.05).

Table 3. Effect of heifer development system on ADG of pregnant heifers grazing CR, Exp. 3

Treatment’
WR CR MIX SEM P-value
n 17 17 15
Initial BW, kg 401 396 396 8 0.86
Final BW, kg 434 442 429 8 0.54
ADG, kg/d 0.41% 0.60" 0.43 0.05 0.02
BCS 52 5.27 5.18 0.10 0.81

TWR = heifers devel oped on winter range; CR = heifers devel oped on corn residue; MIX = mixture of heifers from
WR and CR trestments.
*¥ Means without a common superscript differ (P <0.05).
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"West Central Research and Extension Center, North Platte, NE and University of Nebraska, Lincoln

ABSTRACT: Three experiments compared heifer
development systems. In Exp. 1, 299 heifers (253 * 2 kg)
from 3 yr were used to compare dry lot (DL) to grazing
corn residue (CR) post weaning. Heifers in the DL
consumed a common diet after weaning for 187 d until
breeding. The CR heifers grazed for 145 d with a
supplement (0.45 kg/d; 28% CP) and were then fed in the
DL until breeding. In Exp. 2, 270 heifers (225 £ 2 kg) in 3
yr grazed Sandhills winter range (WR) or CR with a
supplement (0.45 kg/d; 28% CP) post weaning. In Exp. 3,
180 heifers (262 + 3 kg) in 2 yr grazed Eastern Nebraska
WR or CR with a supplement (0.45 — 0.90 kg/d; 29% CP)
post weaning. The CR heifers had lower (P < 0.001) ADG
before breeding compared to DL or WR heifers in Exp. 1
and 2, but WR and CR were similar (P = 0.66) in Exp. 3.
The DL and WR heifers were heavier (P < 0.003) than CR
at breeding and pregnancy diagnosis in Exp. 1 and 2, but
smilar (P = 0.62) in Exp. 3. The percentage of heifers
pubertal a breeding was greater (P < 0.001) for DL than
CRin Exp. 1, for WRthan CRinyr 1 and 2 of Exp. 2 (P <
0.01), but similar (P = 0.36) in Exp. 3. Pregnancy rateto Al
was lower (P = 0.08) for CR than DL heifersin Exp. 1, but
not different (P = 0.89) in Exp. 3. Fina pregnancy rate was
not affected (P > 0.27) in Exp. 1, 2 or 3. In Exp. 2, yr 2,
CR heifersrequired (P = 0.01) more calving assistance than
WR. Milk production of WR heifers was greater (P = 0.04)
than CR in Exp. 3. Calf weaning BW, two-year old Al
(Exp. 1 and 3) and final pregnancy rates (Exp. 1, 2 and 3)
were not different (P > 0.10). Development grazing CR
reduced cost by $45/pregnancy compared to DL, but cost of
WR was similar to CR. Development grazing CR reduces
ADG before breeding without sacrificing fina pregnancy
rate. Development grazing WR increases milk production,
but does not increase weaning BW. Grazing CR during
heifer devel opment reduces cost compared to DL. Grazing
CR or WRis suitable for heifer development at similar cost.

Key Words. Dormant forage, Drylot, Heifer devel opment
Introduction

Current recommendations indicate a heifer should
reach approximately 65% of her mature BW by the first
insemination for successful reproduction (Patterson et al.,
1992). Prompted by rising input costs, there is increasing
interest in alternative heifer development systems
minimizing the use of harvested feedstuffs in favor of
grazing. However, dormant forages are lower in available
nutrients and may result in poorer animal performance
leading to lower BW at breeding. Recent data indicate

heifers reaching less than 58% of mature body weight by
breeding have similar reproductive ability as heavier
counterparts (Funston and Deutscher, 2004; Martin et a.,
2008). Moving heifer development out of the dry lot (DL)
in favor of grazing standing forage may be more cost
effective. As corn production increases, so does the
availability of corn residue (CR) for grazing. Winter range
(WR) offers a similar source of standing winter forage for
heifer devel opment. The effects of devel oping virgin heifers
using standing winter forage are not well characterized.
Therefore, the current studies evaluated the effect of
grazing CR compared to DL or WR on first service
conception rate, pregnancy rate, and first calf production
characterigtics.

Materialsand Methods

The University of Nebraska-Lincoln Ingtitutional
Animal Care and Use Committee approved the procedures
and facilities used in these experiments.

Experiment 1. Two hundred ninety-nine crossbred
nulliparous heifers (253 + 2 kg initial BW) from 3
production yr were utilized to compare traditional post
weaning DL development to grazing CR during the same
period. The hefers in these experiments were
predominately black Angus based and purchased from local
producers shortly after weaning from their dams.

Following weaning, heifers were transported to the
University of Nebraska West Central Research and
Extension Center (WCREC), North Platte, NE. After a
recelving period, heifers were blocked by initiad BW and
randomly assigned to graze CR or consume a diet in aDL.
Heifers assigned to graze CR were shipped to corn fields on
approximately November 15 and returned to WCREC
between February and April each yr as dictated by weather
conditions. Heifers were offered 0.45 kg/d of a 28% CP
(DM basis) supplement daily. Heifers grazed CR for
approximately 145 d each yr. Subsequently, heifers were
transported back to WCREC, placed in the DL and offered
a common diet for 42 d each yr. Heifers assigned to the DL
treatment were offered a common diet after the weaning
period for 187 d each yr until breeding. The DL diet was
formulated to achieve an ADG allowing heifers to reach
approximately 65% of mature BW (600 kg) prior to Al.

In yr 1, estrus was synchronized using MGA/PGF
followed by timed Al (TAI). In yr 2 and 3, estrus was
synchronized using MGA/PGF followed by estrous
detection and Al. After Al, heifers were exposed to fertile
bulls at a rate of least 1 bull:50 heifers for 45 d.
Approximately 45 d after Al, first service conception was
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determined via trangrectd ultrasonography and final
pregnancy rate was determined via transrecta
ultrasonography 45 d after bulls were removed.

After pregnancy diagnosis, heifers were managed in
one group until calving. During the subsequent winter
period, all pregnant heifers grazed CR and were offered the
equivalent of 0.45 kg/d of a 28% CP (DM bass)
supplement provided 3 times per wk. All heifers were
weighed prior to calving and calf birth date, birth BW,
dystocia score, and sex were recorded at birth.

After calving, al heifers consumed a DL diet through
Al breeding. Approximately 60 d after calving, estrus was
synchronized using CIDR/PGF followed by timed Al. After
Al, heifers were sold to local producers and grazed
common summer pastures until weaning. After being sold,
all cows were exposed to fertile bulls for a period not less
than 45 d. Approximately 45 d after TAI, first service
conception was assessed via transrectal ultrasonography. At
weaning, final pregnancy rate was determined via
trangrectal palpation or ultrasonography and calf BW was
collected. The data were analyzed using the MIXED and
GLIMMIX procedures of SAS.

Experiment 2. Experiment 2 was conducted using
heifers from the Gudmundsen Sandhills Laboratory (GSL)
near Whitman, NE. Composite Red Angus x Simmental
weaned heifer calves (n = 270) were assigned randomly by
initial BW (225 + 2 kg) to graze either CR or WR between
weaning and the beginning of the breeding season. Grazing
treatments were initiated approximately 30 d after weaning,
beginning in mid-November, and continuing through mid
May each yr. Heifers either grazed winter range pastures at
GSL or were trangported to corn residue fields on
approximately November 15" and returned to GSL on
approximately February 15" each yr. A daily supplement
was offered (0.45 kg/hd, 28% CP) while grazing.
Subsequently, all heifers grazed WR for 100 d prior to
breeding with a daily supplement (0.45 kg/hd; 28 % CP)
until breeding. Estrus was synchronized with a single i.m.
injection of PGF,, administered 108 h after bulls were
turned in with the heifers. Heifers were exposed to fertile
bulls (1:25; bull:heifer) for 45 d. Pregnancy diagnosis was
performed via transrectal ultrasonography approximately 45
d following completion of the breeding season. During the
breeding season and until pregnancy diagnosis, heifers
grazed upland summer Sandhills range in a single group.
After pregnancy diagnosis, non-pregnant heifers were sold.

In the period between pregnancy diagnosis and
calving, pregnant heifers grazed upland Sandhillsrange
during the fall until November 15" and then grazed CR
during the winter with a supplement (0.45 kg/d, 28% CP)
until February 15™. Approximately 2 wk prior to calving,
pregnant heifers were weighed and BW recorded. At
calving, calf birth date, birth BW, dystocia score, and sex
were recorded. At weaning, cows and calves were weighed
and BW was recorded. The data were analyzed using the
MIXED and GLIMMIX procedures of SAS.

Experiment 3. Experiment 3 was conducted at the
Agricultural Research and Devel opment Center near Mead,
NE. Composite MARC Il x Red Angus weaned heifer
calves (n = 180) were assigned randomly by initid BW
(262 + 3 kg) to graze either CR or WR between weaning

and breeding. Grazing treatments were initiated
approximately 30 d after weaning, beginning in mid-
November, and continuing through mid-February (119 d)
each yr. A daily supplement was offered (0.45 — 0.90 kg/d;
29% CP) while grazing. Subsequently, all heifers grazed
WR for 100 d prior to breeding with a daily supplement
(0.45 kg/hd; 28% CP). In addition to grazing, free choice
brome hay (13% CP, 42% ADF; DM basis) was offered as
weather conditions dictated.

Estrus was synchronized using two i.m. injections of
PGF,, administered 16 and 2 d prior to Al breeding.
Following the second PGF,, injection, estrus was detected
for at least 5 d. Heifers were inseminated approximately 12
h after estrus was detected. Fourteen d after Al, fertile bulls
were turned in with the heifersat aratio of 1 bull:50
heifers. Bulls remained with the heifers for 45 d. Pregnhancy
to Al was determined via transrectal ultrasonography
approximately 45 d after Al. Final pregnancy rate was
determined viatransrectal ultrasonography 45 d after bulls
were removed.

Following pregnancy diagnosis, pregnant heifers were
managed in a single group until calving. During this period,
pregnant heifers grazed CR with a daily supplement (1.2
ka/d; 10.5% CP). Two wk prior to calving, pregnant heifer
BW was measured. At calving, caf birth date, birth BW,
dystocia score, and sex were recorded. Between calving and
the time when spring pasture was available for grazing,
heifers consumed free choice afalfa/grass hay with adaily
supplement (1.2 kg/d; 10.5% CP; DM basis).
Approximately 65 d after calving, milk production was
estimated using a weigh-suckle-weigh technique. Cow and
calf BW were collected at weaning. Data were analyzed
using the MIXED and GLIMMIX procedures of SAS.

Results and Discussion

Heifer gain and reproduction data for Exp. 1, 2 and 3
are summarized in Table 1. Heifers grazing CR gained 0.39
kg/d less (P < 0.001) than heifersin the DL in Exp. 1 and
0.10 kg/d less (P < 0.001) than heifers grazing WR in EXp.
2 during the winter grazing period. Heifers grazing CR in
Exp. 3 gained 0.06 kg/day less (P = 0.002) than heifers
grazing WR. In Exp. 1 and 2, heifers grazed with minimal
hay supplementation; however show cover necessitated
more extensive hay feeding in Exp. 3. The ADG during the
entire prebreeding phase reflects hay feeding, where heifers
grazing CR gained less (P < 0.001) than heifers in the DL
or grazing WR in Exp. 1 and 2, respectively. However,
prebreeding ADG was not different (P = 0.66) in Exp. 3.
Prebreeding BW was related to prebreeding ADG, where
heifers grazing CR were lighter (P < 0.001) prior to
breeding compared to heifersin the DL (Exp. 1) or grazing
WR (Exp. 2). However, prebreeding BW was similar (P =
0.62) in Exp. 3. The CR heifersin Exp. 1 were 56% and DL
heifers 65% of mature BW before breeding. In Exp. 2, CR
developed heifers were 52% and WR heifers 55% of mature
BW at breeding. In Exp. 3, CR and WR heifer were
approximately 62 to 63% of mature BW at breeding. A
summary of previous data indicated heifers should reach
65% of mature BW before breeding for successful
reproduction (Patterson et al., 1992). However, data from
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our group (Funston and Deutscher, 2004; Martin et a.,
2008) demonstrate pregnancy rate, through 4 yr of age is
not reduced by developing heifers to less than 53% of
mature BW. Likely, due to decreased prebreeding BW,
fewer (P < 0.001) heifers grazing CR were pubertal before
breeding compared to DL heifersin Exp. 1 and compared to
WR heifersin yr 1 and 2 of Exp. 2. However, asimilar (P =
0.36) percentage of heifers from each treatment were
pubertal at Al in Exp. 3.

In Exp. 1, Al pregnancy rate was 10% lower (P =
0.08) in CR heifers compared to DL heifers, possibly due to
pubertal differences. However, Al pregnancy rate was
similar (P = 0.89) in Exp. 3. Regardiess of percentage of
pubertal heifers, final pregnancy rate was similar (P > 0.27)
in Exp. 1, 2, and 3. Genetics may have minimized the
negative effect of estrous cycle number on pregnancy rate.
Byerly et al. (1987) indicated the first estrous cycle a heifer
undergoes is less fertile than the third. Cushman et d.
(2007) demonstrated that the number of estrous cycles prior
to breeding experienced by the first calf heifer isnot related
to pregnancy rate.

Prior to calving, the CR heifers were ill lighter (P =
0.01; Exp. 1) than DL heifers, although precalving BW was
not different (P > 0.16) in Exp. 2 and 3. Although lower
prebreeding BW may have reduced Al pregnancy rate, the
percentage of heifers that calved in the first 21 d of the
season was not different (P > 0.20) between CR and DL
(Exp. 1) or CR and WR (Exp. 2 and 3; Table 2). Similar to
the percentage calving early, average calf birth date was
also not different (P> 0.13) in Exp. 1, 2 and 3, as were calf
birth BW (P> 0.16) and the percentage of male calves (P>
0.17). A primary concern associated with this system is an
increase in calving difficulty due to lighter heifers at
calving. The percentage of heifers requiring calving
assistance was not different (P > 0.15) in Exp. 1 and 3.
However, in yr 2 of Exp. 2, 34% more (P = 0.01) CR
developed heifers required calving assistance than WR
developed heifers.

Pregnancy rate to Al in the second breeding season
was similar (P> 0.61) in Exp. 1 and Exp. 3 (Table 1). Final
pregnancy rate after the second breeding season was also
similar (P > 0.37) between treatment groups in Exp. 1, 2
and 3. Apparent milk production was measured in Exp. 3
(Table 2). The WR devel oped heifers produced more milk
(P = 0.04) at approximately 65 d post calving than heifers
developed grazing CR. However, neither calf weaning BW
(P > 0.44) or caf adjusted 205 d BW (P > 0.31) were
different among trestments in Exp. 1, 2 or 3. These data
agree with previous research conducted by Funston and
Deutscher (2004) and Martin et d. (2008) who indicate that
although heifers developed to 50% of mature BW at
breeding are lighter through the third breeding season, long
term reproduction and calf production are not impacted.

Previous data (Funston and Deutscher, 2004; Martin et
a., 2008) demonsrate substantial cost reductions from
lower gain heifer devel opment. These previous studies were
conducted with heifers devel oped in the drylot targeted for
lower rates of gain. Thus, developing heifers using
dormant, standing forage may further reduce cost. Non-
pregnant heifers developed grazing standing forage are
lighter at pregnancy diagnosis than traditionally devel oped

heifers and will be better suited for a long-yearling feedlot
program. Cull heifers are considered an additional source of
revenue in this system. Developing heifers by grazing CR
reduced winter feed cost by $42/heifer compared to
development in the dry lot (Table 3). In addition, dightly
more CR heifers were not pregnant after breeding,
increasing the value of culled heifers. After considering
feeding cost and cull value difference, CR devel opment
reduced the net cost of developing one pregnant heifer by
$45 compared to DL development. However, as WR and
CR are charged to the development system at a similar cost
and pregnancy rates were similar, developing heiferson CR
or WR resulted in little difference in the cost of devel oping
a pregnant heifer.

Implications

Winter development using corn residue is a suitable
alternative to winter range or adry lot. The reduction in the
percentage of puberta heifers developed grazing corn
residue may reduce Al conception, but final pregnancy rate
is similar. The factors that mediate these effects are
complex; however, developing heifers using corn residue
does not negatively influence long-term production.
Developing heifers by grazing dormant forage reduces cost
compared to dry lot feeding, improving sustainability.
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Table 1. Effect of winter system on gain and reproduction in heifers, Exp.1, 2 and 3

Treatment
Exp. 1 Exp. 2 Exp. 3° P-values
Item DL CR SEM WR CR SEM WR CR SEM Expl Exp2 Exp.3
n 150 149 136 134 90 90
Pre-breeding BW, kg 387 336 4 298 244 2 313 308 3 <0.001 <0.001 0.62
Percentage of mature BW 65 56 1 55 52 1 63 62 1 <0.001 <0.001 0.62
Pregnancy diagnosis BW, 444 416 5 359 349 2 420 416 4 <0001 0.003 0.44

kg
ADG during grazing, kg/d* 058 0.19 001 024 014 001 043 037 001 <0.001 <0.001 0.002
Prebreeding ADG, kg/d® 068 042 001 038 029 001 054 055 001 <0001 <0.001 0.66

ADG from breeding to 047 0.67 008 067 073 001 046 041 0.02 <0001 <0001 0.05

pregnancy diagnosis, kg/d

Pubertal by Al, % 88 46 4 - - - 57 63 5 <0.001 - 0.36
Year 1 - - - 73 33 7 - - - - <0.001 -
Year 2 - - - 77 61 8 - - - - <0.001 -
Year 3 - - - 49 58 7 - - - - 0.003 -

Pregnant to Al, % 64 54 8 - - - 43 4 5 0.08 0.89

Y earling pregnancy, % A 92 5 8 8 3 83 89 4 0.37 0.85 0.27

n 88 75 72 75 24 26

Precalving BW, kg 446 428 5 444 440 4 469 461 4 0.01 0.33 0.16

Al pregnant, 2-year old, % 62 66 6 - - - 61 56 10 0.61 - 0.75

Pregnant, 2-year old, % 87 81 5 8 77 7 92 100 6 0.39 0.37 0.98

T DL = developed in the dry lot, CR = developed on corn residue (145 d) and fed in the dry lot (42 d) before Al.

2\WR = developed on winter range, CR = devel oped grazing corn residue (100 d) and grazed winter range (100 d) before
breeding.

3WR = developed on winter range, CR = devel oped grazing corn residue (120 d) and grazed winter range (100 d) before
Al.

* ADG during the winter grazing period ° ADG after the winter grazing period prior to breeding

Table 2. Effect of winter system on calf production, Exp.1, 2 and 3

Treatment
Exp. 11 Exp. 2° Exp. 3 P-values®

Item DL CR SEM WR CR SEM WR CR SEM Expl Exp2 Exp3
n 88 75 72 75 24 26
Calvedin 1% 21d, % 84 76 11 8 75 5 81 74 5 020 024 032
Calf birth date, Julian d 71 74 3 67 69 1 7% 75 3 013 037 075
Calf birth BW, kg 35 34 1 32 33 1 33 35 1 016 035 0.17
Assisted births, % 26 33 5 - - - 8 22 8 0.33 - 0.15

Year 1 - - - 37 28 8 - - - - 0.40 -

Year 2 - - - 13 47 9 - - - - 0.01 -
Sex, % male 55 48 3 49 55 6 8 73 041 043 017
Milk production, kg/24 h' - - - - - - 41 29 06 - - 0.04
Calf weaning BW, kg 193 197 5 178 181 4 220 226 5 049 059 044
Calf 205 d BW, kg 180 186 4 195 197 3 215 219 5 031 059 051

DL = developed in the dry lot, CR = developed grazing corn residue (145 d) and fed in the dry lot (42 d) before Al.
2\WR = developed on winter range, CR = devel oped grazing corn residue (100 d) and grazed winter range (100 d) before
breeding.

3WR = developed on winter range, CR = devel oped grazing corn residue (120 d) and grazed winter range (100 d) before
Al.

* Measured using a modified wei gh-suckle-weigh technique approximately 65 d post calving.
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Table 3. Effect of winter system on heifer development cost , Exp.1, 2 and 3

Treatment
Exp. 1! Exp. 2 Exp. 3°

Item DL CR Diff WR CR Diff WR CR Diff
n 150 149 136 134 90 90
Feeding cost, $/heifer 237 195 42 124 123 -1 128 121 -8
Total devel opment cost, 982 941 -41 832 838 6 853 848 -5
$/heifer

Cull heifer value, $heifer 53 77 -24 131 135 4 160 104 -56
exposed

Net cost of 1 pregnant 985 940 -45 821 832 11 831 835 4

heifer, $

DL = developed in the dry lot, CR = developed grazing corn residue (145 d) and fed in the

dry lot (42 d) before Al.

2\WR = developed on winter range, CR = devel oped grazing corn residue (100 d) and grazed

winter range (100 d) before breeding.

% devel oped on winter range, CR = devel oped grazing corn residue (120 d) and grazed winter

range (100 d) before Al.
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ESTROUS SYNCHRONIZATION INCREASES EARLY CALVING FREQUENCY, WHICH
ENHANCES STEER PROGENY VALUE

D.M. Larson* and R.N. Funston
West Central Research and Extension Center, North Platte, NE

ABSTRACT: Calving records collected between 2000 and
2008 at the Gudmundsen Sandhills Laboratory, Whitman,
NE, were used to determine the effect of estrous
synchronization on calving digtribution and the impact of
time of calving on carcass characterigics. Calves born
between 2000 and 2006 resulted from non-synchronized 60
d breeding seasons between 1999 and 2005 (n = 2075).
Calves born in 2007 and 2008 resulted from synchronized
45 d breeding seasons in 2006 and 2007 (n = 521). Estrus
was synchronized with a single injection of prostaglandin
F>., administered 108 h after bulls were turned in with cows.
Cow pregnancy rate after synchronized or non-
synchronized breeding seasons was similar (P = 0.48).
Twelve percent more (P < 0.001) synchronized cows calved
during the first 21 d compared to non-synchronized cows.
Average calving date and percentage of male calves were
similar (P > 0.23). The weaning BW of calves born to
synchronized dams was 9 kg greater (P < 0.001) than calves
from non-synchronized dams. The effect of calving
distribution, defined as percentage calving in the 1%, 2™ or
3 21 d of the season was evaluated in the steer progeny
born between 2001 and 2007 (n = 659). Steers were fed in
the feedlot and daughtered after 218 d on feed. Asthetime
of calving increased, male calf birth weaning BW decreased
(P < 0.001). Time of calving did not affect feedlot ADG (P
= 0.90). As time of calving increased, HCW, marbling
score and yield grade decreased (P < 0.001). Although the
percentage of steers achieving USDA small grade was not
affected (P = 0.17) by time of calving, the percentage of
steers receiving a USDA quality grade of modest or greater
and the total carcass value declined (P < 0.001) as time of
calving increased. Egtrous synchronization with a single
injection of prostaglandin F,, resulted in more cows giving
birth earlier, even though the breeding season was 15 d
shorter. Calves born earlier in the season are heavier at
weaning and produce a heavier, more valuable carcass.

Key Words: Calving distribution, Carcass quality, Estrous
synchronization, Weaning weight

Introduction

Estrous synchronization is utilized primarily in
conjunction with artificial insemination. However, estrous
synchronization is potentially beneficia to cattle producers
using natural mating. A primary obstacle to increased usage
of estrous synchronization is the labor associated with
applying a synchronization protocol. Thus, a successful
system will be easy to implement and cost effective.
Prostaglandin F,, (PGF) causes lysis of the corpus luteum

(CL) when administered at least 96 h after ovulation;
however, the corpus luteum is not responsive to PGF prior
to thistime. Standing estrus will occur between 48 and 96 h
after PGF in cyclic females. Whittier et a. (1991)
demonstrated a single PGF injection administered 96 h after
bull turn-in increased the percentage of cows calving in the
first 50 d of the calving season. However, they did not
detect a difference in the percentage calving in the first 21
d, nor did they measure weaning BW or carcass
characteristics of the resulting calf crop. Data from our
group (Larson et d., in press) indicate more heifers given
PGF 96 h after bull turn-in calved in the first 21 d of the
calving season. Further research is needed to evaluate the
effect of this system in mature, lactating cows. Thus, data
from eight production yr were summarized to determine the
effect of estrous synchronization on time of calving and
subsequent  effects of time of calving on carcass
characterigtics.

Materialsand Methods

The University of Nebraska-Lincoln Institutiona
Animal Care and Use Committee approved the procedures
and facilities used in this experiment.

Breeding, calving, weaning, and carcass data were
collected from the research herd at the Gudmundsen
Sandhills Laboratory (GSL) near Whitman, NE. The data
for the spring calving herd, collected between 2000 and
2008, were used for the purposes of this analysis. Calves
born between 2000 and 2006 resulted from non-
synchronized 60 d breeding seasons between 1999 and
2005 (n = 2075). Calves born in 2007 and 2008 resulted
from estrous synchronized 45 d breeding seasons in 2006
and 2007 (n = 521). The exception was a subset of cows
used in a nutritional experiment exposed to bulls for 60 d
during the estrous synchronized spring breeding season in
2007 (118 cows). The bhreeding season begins on
approximately June 15. Estrus was synchronized using a
single injection of PGF administered 108 h after fertile,
mixed age bulls were turned in with the cowherd. The bull
to cow ratio was at least 1:25 in al years. Pregnancy was
diagnosed via rectd papation approximaely 45 d
following bull removal. As varying nutritional and breeding
treatments are applied to the yearling heifers during
breeding, two year-old cows were removed from this
andysis to avoid confounding the results. Weaning data
were anayzed for the 2007 and 2008 weaned calves (408
individual records) and compared to calves weaned
between 2000 and 2006 (1790 individual records).
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Weaned steers (n = 659) in each yr were transported to
the West Central Research and Extenson Center in North
Platte, NE. The data from these steers were used to
determine the effect of early calving frequency on feedlot
performance and carcass quality. Steers were fed a common
diet, within yr, in the feedlot for approximately 218 d.
Steers were slaughtered at a commercia abattoir when 12"
rib fat cover was visually assessed to be approximately 1
cm. Routine carcass data were collected after daughter.
Carcass characteristics were evaluated by period of calf
birth the first, second, or third 21 d period of the calving
season. The continuous data were analyzed using the
MIXED procedure of SAS and binomial data with the
GLIMMIX procedure of SAS. The modd included the
fixed effect of estrous synchronization and the age of the
dam. The model also included the random effects of year
and any treatments imposed on each particular herd within
each year.

Results and Discussion

The data demonstrating the effect of estrous
synchronization on reproduction and calf production are
displayed in Table 1. The estrous synchronized subset of
data was generated for the 2007 and 2008 calving seasons
and the non-synchronized subset was generated for the
years between 2000 and 2006.

Calf birth date was similar (P = 0.23) between estrous
synchronized and non-synchronized cows however, calf
birth BW (P < 0.001) and the incidence of dystocia (P <
0.001) were lower if from synchronized dams. The
percentage of male calves was unaffected (P = 0.62) by
estrous synchronization. Perhaps most interesting, estrous
synchronization increased (P < 0.001) the percentage of
cows giving birth in the first 21 d by 12% (73 vs. 61%;
estrous synchronized vs. non-synchronized, respectively).
This may partially explain the reduction in birth BW. Cows
at GSL calve in a common group and consume a higher
quality diet during calving than during late gestation. Thus,
cows calving later are on a higher plane of nutrition during
late gestation than earlier calving cows, perhaps leading to
heavier calves at birth. Whittier et al. (1991) found that a
single injection of PGF administered 96 h after bull turn-in
increased the percentage of cows calving in the first 50 d of
the calving season. However, they detected no differencein
the percentage calving in thefirst 21 d. Data from our group
indicate more heifersinjected with PGF 96 h after bull turn-
in calved in the first 21 d of the season (Larson et d., in
press).

The  mechanism underlying this  estrous
synchronization system relies on the observation that the
CL is unresponsive to PGF within 96 h after ovulation.
Thus, bulls are allowed to inseminate cows at natural estrus
for approximately 5 d; cows inseminated during this period
will not respond to PGF. On d 5, PGF is administered to al
cows and the bulls inseminate cows at synchronized estrus
following PGF. It is imperative to administer PGF at the
correct interval to avoid destroying the CL in cows
inseminated on the d of bull turn-in. These data agree with
previously published research in both mature cows and
replacement heifers (Whittier et al., 1991 and Larson et al.,

in press). Calf birth date was unaffected, which may seem
counterintuitive. Most likely, cows that fail to conceive at
the synchronized estrus are inseminated 21 d later and thus
average calving date is unaffected. As further evidence, 96
and 94% of the 94 to 95% of cows that became pregnant
(estrous synchronized and non-synchronized; respectively),
calved within the first 42 d of the season. Regardless, more
cadves are horn early in the season with estrous
synchronization. As more calves are born earlier in the
season, one may expect weaning BW to be increased.
Accordingly, calves from estrous synchronized dams were
9 kg heavier (P < 0.001) than calves from non-synchronized
dams. This would likely make calves from estrous
synchronized dams more valuable at weaning, improving
profitability. Although the natura breeding season was
shortened when estrous synchronization began, pregnancy
rate was unaffected (P = 0.48) by synchronization. Perhaps
this indicates a more efficient use of bull resources during
the breeding season. At pregnancy diagnosis, both cow
BW and BCS were similar (P > 0.16) between estrous
synchronized and non-synchronized cows.

Estrous synchronization increased the percentage of
cows calving in the first 21 d of the breeding season (Table
1). Thisindicates more cows were mated by natural service
early in the breeding season. Estrous synchronization
increased calf weaning BW and potentia value. In addition,
the breeding season was shortened from 60 to 45 d between
non-synchronized and estrous synchronized seasons,
respectively without negatively affecting pregnancy rate. In
relation to the increased weaning BW associated with early
calving, we sought to determine if early calving frequency
affected carcass traits.

Recall that estrous synchronized cows, more of whom
calved in the first 21 d of the season, gave birth to lighter
calves. However, when evaluating only steer progeny, male
calves born earlier in the season did not have a lighter (P =
0.47) birth BW than those born later. Asthe time of calving
became more advanced, steer weaning BW was lower (P <
0.001) with each successive interval, likdy related to calf
age. Neither preweaning (P = 0.92) nor feediot ADG (P =
0.90) were affected by time of calving.

Similar to weaning BW, HCW increased (P < 0.001)
coordinately with early calving frequency. Perhaps more
interestingly, marbling score and the percentage of steers
achieving a USDA quality grade of modest or greater was
greater (P = 0.001) in steers born earlier than those born
later. It was, and perhaps till is, a common paradigm that
intramuscular fat is a late developing trait. These data
would support the hypothesis steers born earlier in the
caving season are older a harvest. The increase in
marbling score cannot be separated from a difference in
caloric intake as DMI was not measured. However, older
steers are also fatter, as evidenced by an increase (P <
0.001) in yield grade of earlier born steers. As time of
calving became more advanced, the percentage of empty
body fat (P < 0.001) decreased. Thus, it appears as time of
calving advances, carcass fat content in all depots,
including intramuscular, decreases. Although later born
steers had a dightly lower yield grade, the reduction in
marbling score made their carcasses less valuable (P <
0.001). The difference in carcass value is also related to the
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increased HCW of steers born earlier in the calving season.
Therefore, carcasses of earlier born steers were more
valuable on a weight basis and received a greater premium
on acarcass basisthan later born steers.

Implications

Estrous synchronization with asingle injection of PGF
can increase the percentage of cows naturally mated early
in the breeding season. This improvement occurs even in a
shorter breeding season. Moreover, most cows not mated at
the first estrus become pregnant at the second. Steer caves
born earlier in the calving season have greater weaning
BW, HCW and marbling scores. Improving early calving
frequency may increase progeny value at weaning and
enhances carcass value of the steers.
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Table 1. Effect of estrous synchronization in a natural mating
system on reproduction and calf production

Estrous

synchronized
Item No Yes SEM P
n 2075 521
Calf birth date, Julian d 86 85 1 0.23
Calf birth BW, kg 38 37 1 <0.001
Assisted hirths, % 4.4 17 5 <0.001
Calvedin1%21d, % 61 73 2 <0.001
Calvedin2™21d, % 33 23 2 <0.001
Calf sex, % male 51 52 2 0.62
n 1790 408
Calf weaning BW, kg 219 228 3 <0.001
Cow BW at weaning, kg 505 502 4 0.16
Cow BCS at weaning 5.2 5.2 0.1 0.25
Pregnant, %" 95 94 1 0.48

T Pregnancy rate after an estrous synchronized or
unsynchronized natural mating season.

Table 2. Effect of calving period on feedlot performance and carcass
characteristics of steer progeny

Calving period”
Item 1 2 3 SEM P
n 347 259 53
Calf birth BW, kg 37 37 37 1 0.47
Calf weaning BW, kg 233 219°  197° 6 <0.001
Preweaning ADG, kg/d 096 096 097 002 092
Feedlot ADG, kg/d 164 164 165 005 090
HCW, kg 370* 363"  350° 5 <0.001
Marbling score? 574 554" 527° 15  <0.001
Empty body fat, % 304* 299° 29.0° 04 <0.001
Yield grade 30 28 26° 02 <0.001
Choice or greater, % 84 83 73 8 0.17
Averagechoiceor greater, % 30°  17° 12° 5  0.001
Carcassvalue, $ 1102 1079° 1025° 45  <0.001
T1=calvedinthe1¥ 21 d, 2 = caved in the 2" 21 d, 3 = calved in the 3©
21d.
2500 = small°.

¢ Means without a common superscript differ (P < 0.05).
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ABSTRACT: Reproductive efficiency in young beef cows
is often compromised due to a mismatch of physiol ogical
demands and suboptimal environmenta conditions. Studies
conducted at the Corona Range and Livestock Research
Center from 2000 to 2007 evaluated 3 postpartum
supplement strategies increasing in glucogenic precursors
(GP). Reproductive variables, milk production, and serum
metabolites were used to assess supplement effectiveness
and economics associated with young beef cow production
(n = 379) on native range. Supplements were individually
fed 2x/wk at 1135 g/d (2003-2004) or 908 g/d (al other yr)
and provided: 1) 327 g CP, 109-118 g undegradable intake
protein (UIP), 44-47 g GP (CON); 2) 327-341 g CP, 142-
157 g UIP, 57-70 g GP (BP); 3) 327 g CP, 151-173 g UIP +
40 — 100 g of propionate salt (NutroCal, Kemin Industries,
Inc.), 93-141 g GP (P). Blood samples were collected
I1x/wk (2000) or 2x/wk (2001-2007) for progesterone
andysis to estimate days to first estrus. Cows were
exposed to bulls for 60 d or less and pregnancy was
confirmed by rectal palpation at weaning. Number of days
to first estrus after calving decreased and pregnancy rates
increased linearly (P < 0.02) with increasng supplemental
GP. Milk production exhibited a quadratic (P = 0.04)
response to increasing GP with cows fed BP producing the
most amount of milk (5920, 6812, and 6217 + 421 g/d for
CON, BP, and P, respectively). Total kg of calf weaned per
cow exposed for the supplemental year and subsequent year
was greater (P = 0.07) for cows fed P than the other
supplements (418, 410, and 435 + 40 kg for CON, BP, and
P, respectively). These data suggest feeding young cows
additional GP in the form of propionate salts allows for
repartitioning of nutrients away from milk production and
towards reproduction.

Key Words. Beef Cow, Supplementation, Reproduction

INTRODUCTION

Achieving reproductive efficiency in a beef cow
herd is a critical factor for beef cow/calf producers to be
sustainable. Reproduction is the primary cause limiting
production efficiency in most herds, in which failure to
conceive represents the single most important factor
reducing net calf crop (Dziuk and Bellows, 1983).
Furthermore, reproduction is associated with five times
more economic value than traits associated with milk
production or calf growth (Trenkle and Willham, 1977).
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In a beef cow herd a lower percentage of
successful rebreedings of young cowsis alarge cost and an
obstacle to profitability. One reason for alower rebreeding
rate in young cows is their inability to consume enough
energy for maintenance, lactation, and growth due to their
immature body weight. Decreased efficiency in young beef
cows can be due to reduced forage quality coupled with
higher energy demands (Hawkins et al., 2000). Glucose
requirements are increased dramatically due to nutrient
demands of lactation plus a grazed dormant native range
that yields low quantities of glucogenic precursors,
specifically rumina propionate. Therefore, the supply of
glucose precursors becomes increasingly important for
reproductive competence when forage qudity is low
(Hawkins et a., 2000). Knox (1998) found that young
cows fed protein supplements increasing in glucogenic
precursors coming from differing amounts of bypass
protein had an 18% increase in pregnancy rates than cows
fed a low bypass supplement. Therefore, the objective of
this experiment were to compare measures of reproductive
efficiency such as pregnancy rate, days to first estrus, and
caf weight per cow exposed as impacted by 3 different
postpartum supplementation strategies increasing in
glucogenic potentia and to assess economic viahility of
these supplementation strategies for 2- and 3-yr-old cows
grazing native range.

MATERIALS AND METHODS

Studies were conducted over 8 years at New Mexico
State University's Corona Range and Livestock Research
Center (CRLRC). The data were compiled from three
independent studies: 1) Waterman et a., 2006 (2000-2001),
2) Endecott et al., 2006 (2003-2004), and 3) Mulliniks et
al., 2008 (2005-2007). A study did not occur during 2002
because of drought conditions. The ranch's average
elevation is 1,900 m with an average rainfall of 380 mm,
most of which occurs in July and August (Waterman et al.,
2006). Forages at this study site were primarily blue grama
(Bouteloua gracilis), threeawns (Aristida spp.), and wol ftail
(Lycurus phleoides). All animal handling and experimental
procedures were in accordance with guidelines set by the
New Mexico State University's Institutional Animal Care
and Use Committee.

Animals and Supplementation. Cows were 2- and
3-yr-old (n = 379) and were primarily Angus breeding with
some Hereford influence. Management before calving was
similar in al years and among all cows. Cow/calf pairs



were moved to a common pasture within 10 d of calving.
In all years, cows were stratified by calving date and were
randomly assigned to treatments Initiation  of
supplementation occurred approximately 10 d after
parturition. A 60-d breeding season was utilized in al
years and was initiated in early or mid May. Cows were
moved to an ungrazed pasture prior to the initiation of
breeding in all years.

On supplementation days, cows were gathered
and calves were sorted off after the morning grazing bout.
Strategically, cows were individually fed supplement for an
average of 90 d (2000), 100 d (2001), 72 d (2003), 65 d
(2004), 74 d (2005), 120 d (2006), and 80 d (2007).
Duration of supplementation was dictated by environmental
conditions and the onset of BW gain. Supplements were
cubed and milled a Hi-Pro Feeds, Friona, TX (2000-2006)
and Alderman Cave, Roswell, NM (2007). Supplements
were fed at arate of 908 g/d in 5 of the 7 years, while cows
werefed 1135 g/d in 2003 and 2004. However, the amount
of CP supplied was similar each year, regardless of
differences in supplementation rate. Composition of the
supplements changed dightly over the years, however,
supplements consisted mostly of cottonseed meal or wheat
middlings and either fish meal and/or hydrolyzed feather
meal as the bypass protein source.  Supplements were
designed to increase in glucogenic potentiad (GP) and
provided: 1) 327 g CP, 109-118 g UIP, 44-47 g GP (CON);
2) 327-341 g CP, 142-157 g UIP, 57-70 g GP (BP); 3) 327
g CP, 151-173 g UIP + 40 — 100 g of propionate salt
(NutroCAL™, Kemin Industries, Inc.), 93-141 g GP (P).
Supplement P was the only supplement to be fed all 7
years, whereas, CON and BP were only fed 5 and 4 years
out of 7, respectively. Glucogenic potential of the
supplements was calculated by the equation of Preston and
Leng (1987), where 40% of the UIP is considered
glucogenic (Overton et al., 1999). NutroCAL™ contains
80% propionate, which has been shown to be 95%
glucogenic (Steinhour and Bauman, 1988). All
supplements were fortified with macro- and microminerals
and vitamin A. Cows and caves had year-long access to a
loose salt-mineral mix formulated to complement available
forages.

Sampling and Measurements. Blood samples
were collected once weekly (2000; Friday) or twice weekly
(2001 — 2007) on supplementation days (Monday and
Friday) via coccygeal venipuncture beginning 35 to 55 d
postpartum for progesterone to estimate days to return of
estrus (2 or more consecutive progesterone concentrations >
1.0 ng/mL). Blood was collected immediately after cows
received supplement. Samples were anadyzed for
progesterone by solid-phase radioimmunoassay (Coat-A-
Count, Diagnogtic Products Corp., Los Angeles, CA) as
described by Schneider and Hallford (1996). Serum
samples were also analyzed for insulin, glucose, non-
esterified fatty acid (NEFA), serum urea nitrogen (SUN) to
evaluate nutrient status of each cow. Serum samples were
composited by cow within 3 productive peridods. 1) pre-
breeding; 2) breeding-end of supplementation; 3) end
supplementation-end of breeding. Samples were anayzed
using commercial kits for NEFA (Wako Chemicals,
Richmond, VA), SUN (Thermo Electron Corp., Waltham,

MA), and glucose (enzymatic endpoint, Thermo Electron
Corp., Watham, MA). Insulin was analyzed by solid-phase
RIA (DCP kit, Diagnostic Products Corp., Los Angeles,
CA). Inter- and intra-assay CV were less than 10% for all
serum metabolites.

A subsample of cows (nh = 24 in 2000; n = 36 in
2001; n=29in 2003; n =20 in 2004; n=0in 2005; n = 29
in 2006; and n = 24 in 2007) were milked with a portable
milking machine at approximately 57 d postpartum on a
day following supplementation usng a modified weigh-
suckle-weigh technique described by Appeddu et al. (1997).
Milk subsamples were collected into preservative-coated
vials for anaysis of milk components by an independent
laboratory (Pioneer Dairy Laboratories, DHIA, Artesia,
NM). Milk weights were calculated for a 24 h milk
production.

After calving, cows were weighed once every two
weeks (2000 and 2001) or weekly (2003-2007) until the
termination of the breeding season, and at weaning. Days
to BW nadir was calculated from the lowest BW after
calving. Body condition scores (BCS; 1 = emaciated, 9 =
obese) were assigned to each cow by visual observation and
papation at initiation of the study, at branding, and at
weaning by a trained technician. Calves were weighed at
branding and weaning in each year. Branding weights and
weaning weights were adjusted for a 55-d branding and
205-d weaning weight with no adjustments for sex of calf
or age of dam. Weaning weight for the year following
supplementation was not adjusted to show differences in
weight caused by variation in calving date and/or
conception date.

Economic Analysis. A hypothetical model was
developed to compare three 100-cow herds in a two year
partial budget of the 3 postpartum supplements using the
results from 2000 to 2007. All calves were valued at time
of weaning based on a base price in the New Mexico
Weekly Weighted Average Feeder Cattle Report (USDA
CB LS 795) with no value difference between steers and
heifers. In the model, second-year weaning weights were
adjusted for calving date by results from days to first estrus
and using the weaning weight and days to first estrus for
CON as the base. Therefore, weaning weights were
adjusted by 0.91 kg for each day decreased in postpartum
interval. Calf crop was determined by using the average
caf loss according to the SW Cow-Calf Standardized
Performance Analysis (SPA) data.

Statigtical Analyss. Years were characterized as
being either above (AA) or below (BA) an 18-yr average
rainfall for CRLRC. Consequently, year served as the
experimental unit for rainfall. However, response to
rainfall was not significant and the results were not
included. Within each year, there were either two or three
supplemental groups. A mixed modd accounted for
correlations within year and supplement group within year
and alowed for appropriate comparison of supplements
even though some supplements did not appear in every
year. SAS PROC MIXED (ver 9.1.3) was used to analyze
the mixed model with cow as the experimental unit and
with the fixed effects of supplement, rain, supplement x
rain. Year with rain and year within year x supplement
were used as the random effects. The Kenward-Roger
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degrees of freedom method was used to adjust standard
errors and caculate denominator degrees of freedom. Two
preplanned contrast statements were used to test for linear
and quadratic effects of increasing amounts of glucogenic
precursors. The GENMOD procedure of SAS was used to
analyze pregnancy rates. Significance was determined at P
<0.10.

RESULTSAND DISCUSSION

Cows fed P returned to estrus earlier over the 7 years
than cows fed any other supplement. A linear decrease (P =
0.02) in days to first estrus was found with increasing
amount of GP (Table 1). This earlier return to estrus
increases the probability that conception will occur earlier
in the breeding season (Randel, 1990), which can result in
older and heavier calves the following year at weaning.
Along with calving earlier the next year, cows will have an
opportunity to remain in the herd by becoming
reproductively competent sooner and cycling before the
initiation of the breeding season. Pregnancy rates increased
(P = 0.01; 84, 88, and 95% for CON, BP, and P,
respectively) with increasing supply of GP in the
supplements.

Cow BW and BCS were similar across all treatments
at al measurement times (P > 0.16; Table 1). Treatments
did not affect body weight realimentation and therefore, any
improvement in reproduction was not associated with a
difference in BW gain. Cows reached BW nadir at similar
(P = 0.79) days postpartum in all supplement groups.
However, a linear decrease (P = 0.07) in days from BW
nadir to first estrus was found with increasing consumption
of glucogenic precursors. Once cows reached a positive
energy balance, cows fed P required less days to return to
estrus.

Serum concentration of glucose increased (P = 0.02)
linearly with increasing GP in the diet and also decreased
(P < 0.01) with advancing physiological periods coinciding
with improved forage quality. A supplement x
physiological period interaction (P < 0.01; Table 2)
occurred for serum insulin, NEFA, and SUN. Serum
insulin concentrations were higher for cows fed BP and P
than cows fed CON before breeding season and early in the
breeding season. The increase in serum glucose and insulin
may have had a positive effect on the restoration of LH
pulse frequency as seen by Chagas (2003), who reported
decreased days to first estrus and increased pregnancy rates
in grazing dairy cows with supplementation of glucogenic
precursors.  Serum NEFA were higher in the first 2
physiological periods which follows the same trend of
cow's weight loss after calving. Cows fed BP tended to
have higher SUN concentrations until the last physiol ogical
period in which BP had the lowest SUN concentrations
compared to cows fed CON and P.

Twenty-four hour milk production exhibited a
guadratic response (P = 0.04; Table 1) to increasing
consumption of GP. A quadratic response was also
observed for milk protein, lactose, solids non-fat, and
butterfat (P < 0.05). The additiond GP in the BP
supplement seemed to be used to promote higher milk
production. Supplement P contained the same amount of
UIP as the BP supplement, but cows fed P tended to shift

nutrients away from milk production and toward
reproduction. The increase in 24-h milk production in the
BP group agrees with other finding that Ul P-supplemented
cows produce more milk (Appeddu et a., 1997). The
contradicting results between BP and P supplements may be
explained by the cows fed BP in our study may not have
received enough glucogenic precursors to overcome the
effects of insulin insensitivity and passively partitioned
nutrients towards lactation. Milk production differences did
not ater calf BW at branding (P = 0.82). Calf weaning
weight followed the same quadratic milk production
response (P = 0.07) with calves from BP cows having the
heaviest weaning weight.

A ranch’s productivity can be described as pounds of
caf weaned per exposed femae (Ramsey et al., 2005).
Increasing total kilograms of calf weaned per cow exposed
toabull isacrucial criterion for beef cattle producersand is
primarily controlled by reproductive efficiency and calf
death loss. Feeding young lactating beef cows supplement
P decreased days to first estrus and increased pregnancy
rates providing the opportunity to wean older/heavier and
more calves the next year. Total kg of calf weaned for the
supplementa year and the subsequent year was greater (P =
0.07; Table 1) for P fed cows than the other supplements.

Economic Analysis. An evaluation of potentia

revenue from three 100-cow herds was conducted with a 2-
yr partial budget of the 3 postpartum supplements using the
results from 2000 to 2007 (Table 3). Feed costs for the
supplementa period were $22.26, $26.95, and $33.18/cow
for CON, BP, and P, respectively. In yr 1, tota revenue
was $21.35 and $6.44 per cow higher for BP and P,
respectively compared to CON. Thishigher revenueinyr 1
was dueto an increase in calf weaning weight in the BP and
P cow herds. Pregnancy rates across the 7 yr averaged for
the supplement year (yr 1) were 84%, 88%, and 95% for
CON, BP, and P, respectively. Consequently, cows fed Pin
yr 1 had an increase in total revenue of 15.3% compared to
CON-fed cows and 7.2% compared to BP-fed cowsin yr 2.
This increase in revenue is the sum of an increase in
pregnancy rates and to a lesser extent a decrease in days to
first estrus which offset the higher postpartum feed costs for
the year.

IMPLICATIONS

Increasing  glucogenic  precursors  in range
supplements decreased days to first estrus and improved
pregnancy rates in 2- and 3-yr-old cows by apparently
repartitioning nutrients away from lactation. Additionally,
the increase in pregnancy rates for cows fed propionate
salts offset the higher cost of the supplement by increasing
calf crop the following year which increased ranch revenue
compared to the other supplementsfed in this study.
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Table 1. Effect of postpartum supplementation on reproductive measurements, cow body weight and change, body condition
score, milk production, and calf weight change for 2- and 3-yr-old cows grazing native range in 2000-2007.

Supplement Contrast
M easurement CON BP P SEM P-value Linear Quadratic
Reproductive Measurements
Days to First Estrus 88 87 82 9 0.07 0.02 0.85
Days to Nadir 52 54 52 8 0.87 0.99 0.59
Nadir to Estrus 36 33 29 12 0.19 0.07 0.85
Pregnancy, % 84 88 95 -- 0.01 -- --
Cow Wt, kg
Initial 431 435 436 12 0.60 0.40 0.71
Begin of Breeding 376 374 379 10 0.66 0.39 0.71
Nadir 345 345 348 11 0.80 0.51 0.88
End of Breeding 407 404 410 10 0.54 0.32 0.57
Weaning 444 439 447 12 0.49 0.31 0.48
Body Condition Score
Initia 4.6 4.7 4.7 0.3 0.40 0.34 0.38
Brand 3.9 4.1 4.0 0.1 0.16 0.23 0.16
Weaning 4.6 4.7 4.7 0.1 0.42 0.31 0.44
Milk, g/d
24 h Production 6,272 7,136 6,461 441 0.12 0.93 0.04
Protein 164 189 174 13 0.15 0.70 0.05
Fat 215 273 226 21 0.02 0.82 0.01
Lactose 313 358 321 23 0.09 0.82 0.03
SNF 530 611 553 40 0.09 0.93 0.03
Calf Weights, kg
Branding Wt 66 67 66 4 0.82 0.82 0.56
Weaning Wt 209 218 215 12 0.07 0.15 0.10
kg weaned 207 188 215 25 0.28 0.17 0.32
2 yr total kg weaned 418 410 435 40 0.18 0.07 0.58
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Table 2. Supplement x physiological period interactions for serum insulin, non-esterified fatty acid (NEFA), and serum urea
nitrogen (SUN) of 2- and 3-yr-old postpartum cows grazing native range and fed supplementsincreasing in glucogenic precursors

in 2000-2007.
Supplement
M easurement Period CON BP P SEM
Serum Metabolite
Insulin, ng/mL Prebreeding 1.34 1.39 1.61* 0.54
Breeding - End Supplementation 1.40° 1.65 173 0.54
End Supplementation - End Breeding 1.28 1.18° 1.38° 0.54
NEFA, umol/L Prebreeding 362%™ 437™ 408™ 57
Breeding - End Supplementation 374% 318 396™ 57
End Supplementation - End Breeding 253% 278 255% 57
SUN, mg/100 mL Prebreeding 9.76™ 11.07™ 9.72% 135
Breeding - End Supplementation 8.97* 10.98™ 9.14* 135
End Supplementation - End Breeding 12.67% 10.51™ 12.13% 135

3P For each interaction, means in rows with different superscripts differ (P < 0.10).
*¥Z For each interaction, meansin columns with different superscripts differ (P < 0.10)

Table 3. A model results comparing cost and revenue for 3 postpartum supplementation strategies for three 100-cow herds for 2
consecutive years. Data from 2- and 3-yr-old cow postpartum supplementation studies (2000-2007) at NMSU’ s Corona Range and

Livestock Research Center were used to construct the 2-year partia budget.

Year 1 CON BP P
No. of Cows 100 100 100
Cost of supplement, $/ton 318 364 474
Days of Postpartum Supplementation 70 70 70
Cost of supplement/day 0.318 0.385 0.474
Postpartum supplement cost/cow 22.26 26.95 33.18
Weaning Weight, kg 209 218 215
Price of calves, $/45.4 kg 124 124 124
Weaned calf value, $ 569.16 595.2 586.52
Minus Feed Cost, $ 546.90 568.25 553.34
Total Revenue/100 hd, $ 54,690 56,825 55,334
Difference, $ - 2,135 644
Pregnancy rates, % 84 88 95
Calving death loss based on exposed females, % 2.8 2.8 2.8
Calf Crop, % 81.2 85.2 92.3
Year 2
No. of Cows 81 85 92
Estimated Calving Interval, d 365 364 359
Cost of supplement, $/ton 318 385 474
Days of Postpartum Supplementation 70 70 70
Cost of supplement/day 0.318 0.385 0.474
Postpartum supplement cost/cow 22.26 26.95 33.18
Adjusted Weaning Weight for calving date, kg 209 219 220
Price of calves, $/45.4 kg 124 124 124
Weaned calf value, $ 569.16 597.68 601.4
Minus Feed Cost, $ 546.90 570.73 568.22
Total Revenue/cow herd, $ 44,298.90 48,512.05 52,276.24
Difference, $ -- 4,213.15 7,977.34
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ABSTRACT: Body condition score (BCS) is used as a
management tool to predict reproduction of young beef
cows. The objective was to determine the effects of BCS at
calving on pregnancy rates, days to first estrus (DTFE),
nutrient status (assessed by blood metabolites), and calf
BW change in 315, 2- and 3-yr-old cows grazing native
range over 5 yr a the Corona Range and Livestock
Research Center, NM. Papable BCS (1 to 9) were
determined by experienced technicians prior to calving.
Cows were assigned to 1 of 4 BCS groups: Thin (T; BCS=
3.5 to 4.25), Thin-Moderate (TM; BCS = 4.5), Moderate-
Fat (MF; BCS=4.75t05.25), or Fat (F; BCS=5.5107.0).
Postpartum supplementation was terminated each year
when cows reached BW nadir. Cows were weighed weekly
and serum was collected 2x/wk for progesterone anaysisto
estimate DTFE. Year effects were also evaluated, with
years identified as either above (AA) or below (BA)
averagerainfall. Datawere analyzed asa4 x 2 factorial. A
calving BCS x rainfall interaction occurred for DTFE (P =
0.01). In AA years, al BCS groups achieved DTFE within
86 d postpartum with F cows cycling the earliest at d 68
postpartum. In contrast, during BA years, cows with a
greater BCS (MF and F) took up to 61 d longer postpartum
to reach DTFE compared to cows in a thinner BCS (T and
TM). Pregnancy rates did not differ between BCS (P =
0.45; 90, 95, 90, 90 for T, TM, MF, and F, respectively).
Caf weights at birth (P = 0.19), branding (P = 0.27),
weaning (205-d weight; P = 0.51) were not affected by cow
BCS at calving. Results suggest that BCS interacts with
rainfall and may not be a consistent indicator of
reproductive performance in young beef cows.

Key Words. beef cattle, body condition score, reproduction

INTRODUCTION

Postpartum interval can have a major economic
impact on cow/calf producersin terms of cow productivity.
Mature cows tend to be more resilient and have a shorter
postpartum interval than young cows (Wiltbank, 1970). A
prolonged postpartum interval is more frequent in young
cows because of the additional demands for continued
growth combined with the stress of lactation. Thus,
prepartum body energy reserves can be very important for
the resumption of luteal activity and be a useful indicator of
nutritional status and reproductive efficiency (i.e., days to
first estrus and pregnancy rates) in young cows (Spitzer et
al., 1995). Cows with greater body condition before

calving respond with improved reproductive performance
(Sdk et a., 1988; DeRouen et a., 1994; Looper et al.,
2003). Guidelines suggest that young cows need to bein a
BCS > 6 for optimal reproductive performance (DeRouen et
al., 1994). Therefore, one objective was to determine the
effects of BCS at calving on pregnancy rates, days to first
estrus, nutrient status (assessed by blood metabolites), and
caf BW changein 315, 2- and 3-yr-old cows grazing native
range. Another objective was to determine the interaction
of rainfall on reproductive performance, nutrient status, and
calf BW in young beef cows.

MATERIALSAND METHODS

Over 5 yr, 315 crosshred, spring-calving 2- and 3-
yr-old cows were used to compare the influence of BCS on
reproductive performance a the Corona Range and
Livestock Research Center (CRLRC), Corona, NM.
Average eevation at CRLRC is 2,000 m with an average
annual precipitation of 380 mm, approximately 70% of
which occurs from May to October. Predominant forages
in the experimental pastures were blue grama (Boutel oua
gracilis) and wolftail (Lycurus phleoides), as well as other
less dominant grasses and forbs (Knox, 1998). The annual
standing forage was at least 355 kg/ha in each year and
availability was never limiting in al 5 yr (A. Cibils,
persona communication).

All anima handling and experimental procedures
were in accordance with guidelines set by the New Mexico
State University Ingtitutional Anima Care and Use
Committee. Management before calving was similar in all
5 yr and between age groups. Prior to calving cows were
assigned to 1 of 4 BCS groups. Thin (T; BCS = 3.5 to
4.25; papatable backbone), Thin-Moderate (TM; BCS =
4.5; palpatable ribs), Moderate-Fat (MF; BCS = 4.75 to
5.25; rib and backbone not palpatable), or Fat (F; BCS =
5.5 to 7.0; papatable fat covering over tailhead). Body
condition scores (BCS; 1 = emaciated, 9 = obese) were
assigned to each cow by visual observation and pal pation at
initiation of the study by a trained technician. Cow/calf
pairs were moved to a common pagture within 10 d of
calving and postpartum supplementation was initiated.
Postpartum supplementation provided 36% CP that was fed
at arate of 908 g/cow/d in 4 out of 5 yr or 30% CP fed at
1,135 g/cow/d in 1 yr (cottonseed meal/wheat middlings-
based supplement). Tota days of supplementation were
strategically determined by monitoring average cow BW
change within each year. Cows also had ad libitum access
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to water and a loose macro- and micro-mineral mix year
long. Breeding season started mid-May and ended in less
than 60 d. Cows were weighed 1x/wk after calving until
the end of breeding and again at weaning. Days to BW
nadir were calculated from the lowest BW after calving.
Calves were weighed at birth, branding, and weaning in
each year. Cdf birth weights were recorded in the field
with a portable scale within 3 d of birth. Branding weights
and weaning weights were adjusted for a 55-d branding and
205-d weaning weight with no adjustments for sex of calf
or age of dam.

Serum samples were collected once weekly (1 yr;
Friday) or twice weekly (4 yr) on supplementation days
(Monday and Friday) via coccygeal venipuncture beginning
35 to 55 d postpartum for progesterone analysis to estimate
days to first estrus (2 or more consecutive progesterone
concentrations > 1.0 ng/mL). Blood was collected
immediately after cows received supplement. Samples
were anadyzed for progesterone by solid-phase
radioimmunoassay (Coat-A-Count, Siemens Medical
Solutions Diagnostics, Los Angeles, CA) as described by
Schneider and Hallford (1996). Serum samples were also
andyzed for insulin, glucose, non-esterified fatty acid
(NEFA), and serum urea nitrogen (SUN) to evauate
nutrient status of each cow. Samples were analyzed using
commercial kits for NEFA (Wako Chemicas, Richmond,
VA), SUN (Thermo Electron Corp., Waltham, MA), and
glucose (enzymatic endpoint, Thermo Electron Corp.,
Waltham, MA). Insulin was analyzed by solid-phase RIA
(Coat-A-Count; Siemens Medical Solutions Diagnostic, Los
Angeles, CA). Inter- and intra-assay CV were less than
10% for all serum metabolites.

Statistical Analyss. Years were characterized as
being either above (AA) or below (BA) an 18-yr average
rainfall for CRLRC. Consequently, year served as the
experimental unit for rainfall. Within each year, there were
either 3 or 4 BCS groups. A mixed modd ANOVA
accounted for correlations within year and BCS group
within year and allowed for appropriate comparison of BCS
groups even though some BCS groups did not appear in
every year. Data was analyzed as a 4 x 2 factoria. The
SAS PROC MIXED (ver 9.1.3) was used to analyze the
mixed model with cow as the experimenta unit and with
the fixed effects of BCS, rain, and BCS x rain. Year within
rain and year within rain x BCS were used as the random
effects. The Kenward-Roger degrees of freedom method
was used to adjust standard erors and calculate
denominator degrees of freedom. Two preplanned contrast
statements were used to test for linear and quadratic effects
of increasing BCS. The GENMOD procedure of SAS was
used to analyze pregnancy rates.  Significance was
determined at P < 0.10.

RESULTS

A calving BCS x rainfall interaction occurred for
daystofirst estrus (DTFE; P =0.01). In AA years, dl BCS
groups achieved DTFE within 86 d postpartum with F cows
cycling the earliest at d 68 postpartum. In contrast, during
BA years, cows with a greater BCS (MF and F) took up to
61 days longer postpartum to reach DTFE compared to
cows in athinner BCS (T and TM). Cowsin athinner BCS

at parturition tended to return to estrus earlier more
consistently than cows in a greater BCS. Body condition
score at parturition had no effect on pregnancy rates (P =
0.45) or days to BW nadir (P = 0.74). These data do not
support the conclusion that BCS at parturition is the single
most important factor affecting subsequent reproductive
performance (Selk et al., 1988; Looper et al., 2003).

Cow BW were similar at the initiation of the study
(P = 0.31) and at the end of breeding (P = 0.15). Body
condition score did interact with rainfall for cow BW at the
beginning of breeding, BW nadir, and at weaning (P <
0.01). During AA rainfall years, cow BW of T and TM
cows were lighter or smilar in BW to MF and F cows.
However, in BA years, T and TM cows were heavier than
MF and F cows, suggesting that MF and F cows tend to
lose more BW after calving than T and TM cows. Cow
BW change was not influenced by calving BCS score (P >
0.25). However, BW change interval from initial BW to
beginning of breeding and initial BW to BW nadir tended to
exhibit a quadratic (P = 0.11; 0.12; respectively) response
to calving BCS. Cows in a greater BCS tended to lose
more BW than cowsin athinner BCS. Calf weightsat birth
(P = 0.19), branding (P = 0.27), and weaning (205-d
weight; P = 0.51) were not affected by cow BCS at calving,
which is consistent with previous results with primiparous
beef cows (DeRouen et d., 1994).

Serum glucose concentration was not influenced
by calving BCS (P = 0.90), which is expected due to the
tight regulation of blood glucose (Kaneko, 1997). In
contrast, previous research has found an increase in BCS
linearly increases concentration of glucose (Vizcarra et a.,
1998). A calving BCS x rainfal interaction (P < 0.02)
occurred for serum insulin, NEFA, and SUN. In AA years,
insulin was similar for all BCS groups. However, during
BA years, serum insulin concentrations were greater for MF
and F cows than T and TM cows. In contrast to serum
insulin concentrations, NEFA and SUN concentrations
were greater in AA rainfall yearsthan in BA years.

Rainfall did not influence pregnancy rates (P =
0.21) or days to BW nadir (P = 0.57). Cows regained a
positive energy balance at similar times which might have
influenced the pregnancy rates. Serum  glucose
concentrations were decreased in lower rainfall years (P =
0.06; 55.5 and 50.7 + 1.6 mg/100 mL for AA and BA,
respectively). Cow and caf BW were similar between AA
and BA years (P > 0.13). In contrast, cowsin AA yearslost
more weight from the initiation of the study until the
beginning of breeding (P < 0.01).

IMPLICATIONS

In this study, body condition score at parturition
was not a dominant factor influencing reproductive
performance. However, BCS tended to interact with annual
rainfall. In years with above average rainfall, al cows
tended to perform similarly regardiess of BCS. On the
other hand, in below-average rainfall years, cows in lower
BCS tended to be more resilient to the increase in
environmental stress which allowed for a decrease in days
from parturition to first estrus.  With the variability in
annual rainfall pattern of arid climates in the southwestern
United States, managing cows to maintain BCS 4.0to 4.5 at
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calving may be more practical to producers on the basis of
being more reproductively efficient and more resistant to
environmental changes than cows with a greater body
condition.
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Table 1. Calving body condition score x rainfall interactionsfor days to first estrus, serum metabolites, and cow

body weight of young cows grazing native range.

Calving BCS
M easurement Rainfall Thin® Thin-Moderate®  Moderate-Fat® Fat SEM
Days to first estrus Above Average 86% 75% 77 68% 8
Below Average 73 57% 105" 119Y 14
Serum Metabolite
Insulin, ng/mL Above Average 0.43% 0.42% 0.42% 0.46% 0.21
Below Average 1.51% 1.53% 2.6 2.78Y 0.19
NEFA, pmol/L Above Average 455% 478% 472% 399% 63
Below Average 356% 399> 207" 223V 55
SUN, mg/100 mL Above Average 8.5% 8.4% 8.5% 7.8% 15
Below Average 7.7% 9.5% 6.2 6.7% 13
Cow BW, kg
Begin of Breeding Above Average 371% 383% 392" 384% 10
Below Average 407% 417% 352% 378% 25
Nadir Above Average 349% 356% 364" 360% 8
Below Average 375%™ 397" 320% 342° 20
Weaning Above Average 437 444% 451% 447 9
Below Average 438% 466% 398" 439% 24
BCS3.5t04.25
PBCS 4.5
‘BCS4.75t05.25
9BCS5.5t07

&9 For each interaction, means in rows with different superscripts differ (P < 0.10).
*Y For each interaction, means in columns with different superscripts differ (P < 0.10
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Table 2. Effects of calving body condition score on reproduction, cow weight and weight change, serum metabolites, and calf
weight in young cows grazing native range.

Calving BCS Contrast
M easurement Thin® Thin-Moderate” Moderate-Fat® Fat® SEM P-value Linear Quadratic
Days to BW nadir 59 51 54 53 20 0.74 0.89 0.64
Pregnancy, % 90 95 90 90 - 0.45 - -
Ratio 26/29 125/132 87/97 51/57 - - - -
Cow BW, kg
Initial Wit 438 454 434 437 16 0.31 0.74 0.69
End of Breeding 390 411 395 416 15 0.15 0.37 0.97
Cow BW change, kg
Initia to Begin of Breeding -48 -54 -62 -55 7 0.25 0.48 0.11
Initial to Nadir Wt -76 -78 -91 -84 9 0.39 0.46 0.12
Initia to End of Breeding -47 -42 -39 -22 20 0.27 0.43 0.69
Nadir to End of Breeding 29 36 54 62 16 0.29 0.24 0.43
Nadir to Weaning Wt 76 79 83 93 10 0.50 0.3 0.78
Initia to Weaning Wt 0 1 -8 9 15 0.28 0.75 0.2
Serum Metabolite
Glucose, mg/100 mL 51.7 53.5 53.4 53.7 3.3 0.9 0.67 0.66
Caf BW, kg
Birth Wt 33 36 32 31 2 0.19 0.28 0.44
Branding Wt 72 73 64 66 7 0.27 0.35 0.59
Weaning Wt 209 222 195 196 23 0.51 0.59 0.92
*BCS3.5t04.25
’BCS4.5
‘BCS4.75t05.25
9BCS5.5t07

Table 3. Effects of annual rainfall (above or below an 18 yr average at the Corona Range and Livestock Research
Center) on reproduction, cow body weight and body weight change, serum metabolite and calf body weight in young
COWS grazing native range.

Rainfall

M easurement Above Average Below Average SEM P-value
Days to BW nadir 64 a4 23 0.57
Pregnancy, % 93 88 -- 0.21

Ratio 221/238 68/77 - -
Cow BW, kg

Initial Wit 451 430 11 0.29

End of Breeding 409 397 15 0.59
Cow BW change, kg

Initia to Begin of Breeding -69 -41 5 <0.01

Initial to Nadir Wt -93 -71 9 0.14

Initia to End of Breeding -43 -32 23 0.75

Nadir to End of Breeding 51 39 19 0.67

Nadir to Weaning Wt 89 7 11 0.46

Initia to Weaning Wt -5 5 18 0.70
Serum Metabolite

Glucose, mg/100 mL 55.5 50.7 16 0.06
Caf BW, kg

Birth Wt 33 33 2 0.98

Branding Wt 62 75 4 0.13

Weaning Wt 196 215 26 0.63
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ABSTRACT: Effectsof providing differing levelsof harvested
feed during postweaning development and subsequent winters
on reproduction, BW, BCS, and calf BW were evaluated in
heifers produced over a 7-yr period from dams fed levels of
harvested feed from Dec to March that were expected to be
marginal (MARG) or adeguate (ADEQ), based on average
quality and availability of winter forage. Heiferswere either fed
to appetite (CON) or restricted fed at 80 % of that consumed by
CON on common BW basis (REST) for 140-d period from
about 2 mo after weaning to 1 mo before breeding. Heifers
were managed together through breeding until Dec when they
were separated so CON could be fed adequate harvested feed
and REST could befed marginal levels of harvested feed until 2
to 3 wk before start of calving in March. Cows remained in
their treatment through subsequent winters until removed for
failureto reproduce or wean acalf. Percent of heifersbecoming
pregnant and remaining at start of 2nd breeding season was not
influenced by dam or heifer treatments (P > 0.23; total df =
631). Retention to start of 3rd breedingwasless (P=0.01) in
REST (58 %) than CON (69 %). Interaction of dam and cow
treatments (P < 0.07) influenced retention to 4th and 5th
breeding. Retention to 4th breeding was less (P < 0.1) for
REST cows from ADEQ dams (46 %) than the other dam by
cow treatment groups (57 to 62 %). Retention to 5th breeding
was less for REST cows from ADEQ dams (39 %; P < 0.01)
than REST cows from MARG dams (66 %); with CON cows
from MARG (50%) or ADEQ dams (51 %) being intermediate.
Weight and BCS at start of each breeding was 10 kg and 0.10
BCSless (P < 0.01) for REST than CON cows. At start of 3rd,
4th and 5th breeding, cowsfrom MARG damswere 15 to 24 kg
heavier (P < 0.01) than cows from ADEQ dams. Calvesfrom
REST cows and MARG granddams were lighter (P < 0.01) at
birth and weaning by 1.0 and 6.9 kg, respectively, than calves
from the other groups (interaction P <0.06). Productivity of
cows managed on 2 levels of harvested feed inputs was
influenced by the level of harvested feed provided to their dams;
greatest feed input did not maximize long term retention.

Key Words: Heifer development, Pregnancy, Retention

Introduction

lUSDA-ARS is an equa opportunity/affirmative action
employer and al agency services are available without
discrimination. Mention of a proprietary product does not
congtitute a guarantee or warranty of the product by USDA or
the authors and does not imply its approval to the exclusion of
other products that may be also suitable.

Feed resources consumed by the cowherd are amajor
cost associated with beef cattle production. Thisis especialy
true for rangeland-based production settings were harvested
feed is provided to supplement devel oping heifersand pregnant
cows through periods when quality and quantity of rangeland
forage may be limiting. An abundance of research concerning
the influences of nutrition on heifer development and cow
reproductive performance has resulted in guidelines on body
conditions that reflect a nutrient status that will optimize
reproductive performance (R. D Randel 1990; Dunn and Moss,
1992; Wettemann et d ., 2003). However, amgjor limitation of
the research is a focus on short term effects (single production
year) without consideration of long-term implications. Thereis
little doubt that providing cows with sufficient feed can
maximize the probability of successful reproduction. However,
this may not result in maximum biologica and economical
efficiency. Providing adequate feed to maximize reproductive
rate does not result in differential retention between females
with high and low feed reguirements that remain in the cow-
herd. For example, cows with high feed requirement would
more likely be culled for reproductive failure when managed
under reduced feed inputs. Likewise, increasing the proportion
of cows with reduced feed requirements may provide producers
amargin of safety at times when feed resources are scarce or
costly. In addition to reducing cost of development, rearing
animals under caloric restriction may prolong lifespan, as has
been shown in other species (reviewed in Speakman and
Hambly, 2007), and as has been suggested for cattle (Hughes et
al., 1978).

The present research isaportion of along-term project
to evaluate the influence of 2 levels of nutritional input during
heifer development and winter supplementation on lifetime
productivity. Objectives of this research were to evaluate the
impact of the 2 levels of nutritional input on reproductive
performance, BW, BCS, and BW of calvesat birth and weaning
in females produced over thefirst 7-yr of the study.

M aterialsand M ethods

All research protocols used in this study were
approved by our ingtitutional Animal Care and Use Committee.
Cows used in this study were a stable composite population
(CGC; % Red Angus, ¥4 Charolais, ¥ Tarentaise). Females
studied represent arandomly sel ected popul ation produced over
a 7-yr period (2002 through 2008) by mating CGC dams and
sires (n = 62) with consideration given to minimize inbreeding,
but without emphasis on production traits. Beginning inthefall
of 2001, al cowsin this herd were randomly assigned to be fed
levels of harvested feed from Dec to March of each year that
were expected to be marginal (MARG) or adequate (ADEQ),
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based on average qudity and avail ability of winter forage. Each
group of cows was managed on separate pastures during the
winter to allow differential feeding. For the majority of the
winters in this study, pasture forage was readily available for
grazing and the only additional harvested feed provided was
afalfacake or hay, depending on year, as asupplemental source
of protein. This supplement was fed either daily or every other
day to achieve an average of about 1.8 kg/d for each ADEQ cow
and an average of about 1 kg/d for each MARG cow. During
days when access to pasture forage was limited due to snow
covering, cows were fed at arate equivalent to 10.9 or 9.1 kg
alfalfa hay/d for each cow inthe ADEQ or MARG treatments,
respectively.

Each year at weaning, heifer calveswere stratifiedinto
groups based on weaning weight and were randomly assigned to
1of 4 (Yr 1) or 1 of 22 to 24 pens (subsequent years). InYr 1,
heifers were group fed with 26 or 27 heifers/pen. HeifersinYr
2 through 7 were individually fed in pens that contained 6
individual feed bunks equipped with electronic Calan gates
(American Calan, Northwood, NH). Heifers were alowed a
minimum of 1 mo for adaptation to experimental pens(al years)
and to becometrained to the head gates (Yr 2to 7). During this
time, heifers were allowed ad libitum access to the test diet fed
(described below) once daily. In Yr 1, pens were randomly
assigned to receive either control (n=2) or restricted (n=2) level
of feeding. InYr 2to 7, heiferswererandomly assigned within
pensto either acontrol or restricted level of feeding for a140-d
trial. Feed restriction was initiated when heifers were
approximately 8 mo of age and 227 + 21 kg BW. Control
heifers (CON) were fed to appetite and restricted heifers
(REST) werefed at 80 % of that consumed by controls adjusted
to acommon BW basis, as determined at 4-wk intervals using
the following formula: [0.80 x (mean BW of restricted/mean
BW control) x mean daily feed intake (as fed basis) of controls
over the 28-d period]. Tota numbers of heifers in each
treatment by dam treatment classification for Yr 1 through 6 are
shown in Table 1. For calves bornin Yr 7, (2008), data are
currently limited to BW at birth and weaning.

Composition of the diet fed during the postweaning
periodisshownin Table 2. Weight of feed offered wasrecorded
daily. Orts were removed from the feed bunk and weight
recorded as necessary to ensure that fresh feed was provided for
each heifer on adaily basis.

At the end of the 140-d trial, heifers were combined
and managed together through breeding and subsequent grazing
season. At approximately 14 mo of age (30 to 40 d after end of
restriction), heifersfrom Yr 1 to 4 were weighed and subjected
to an estrous synchronization protocol to facilitate breeding by
Al followed by natural mating for the remaining duration of a
48- to 53-d breeding season . In Yr 5 and 6, heifers were
subjected to a62-d breeding season with natural matingonly. In
late Nov to early Dec of each year, pregnant heifers were
separated back into their treatment groupsto allow for provision
of harvested feed at the same levels as described above for the
cows; where CON heifers were fed what was expected to be
adequate level harvested feed and REST heifers were fed a
marginal level of harvested feed. These winter feeding
treatments continued until 2 to 3 wk before start of calving in
March, when heifers were recombined and managed together.

Females remained in their treatment through subsequent winters
until removed for failureto reproduce or wean acalf. Percent of
heifers becoming pregnant and remaining in the herd at start of
each breeding season was recorded. Birth weight and weaning
weight were measured on calves produced by females on the
different treatments.

Data were anayzed with the GLM procedure of SAS
(SAS Ingt. Inc., Cary, NC). Influence of treatment and dam
treatment on reproduction, BW, BCS, and BW of calf at birth
and weaning were analyzed using amodel that included year of
birth, treatment, dam treatment and the interaction of thesefixed
effects. Least square means and SE are presented, unless
specified otherwise.

Results and Discussion

Feed intake and growth characteristics of heifers
developed on the two levels of feeding have been reported
previously for Yr 2, 3 and 4 (Roberts et al., 2007). Aswas
reported for these 3 years, restricted fed heifers consumed 27%
less feed over the 140-d tria resulting in a 26 kg lighter (P <
0.001) BW &t the end of the trial.  Differences in BW of
restricted and control fed heifers persisted (P < 0.01) throughout
the pre-breeding period (316 vs. 338 + 2 kg at approximately
13.5 mo of age) and subsequent grazing season (404 vs. 414 + 2
kg at about 19.5 mo of age). Although ADG was reduced
during feed restriction, ADG from end of the 140-d trial to 19.5
mo of age was greater (P < 0.01) in restricted heifers than
control heifers (0.49 vs. 0.42 + 0.005 kg/d), indicative of a
compensatory response. Weight (Figure 1) and BCS at start of
breeding at 2 to 5 yr of age, was 10 kg and 0.10 BCSless (P <
0.01) for REST than CON cows. Thus, the REST protocol used
in this study resulted in lighter BW of cows throughout 5 yr of
age. Thisappearsto bedue, at least in part, to lower BCS. At
3,4 and 5 yr of age, cows from MARG damswere 15 to 24 kg
heavier (P < 0.01) than cows from ADEQ dams (Figure 1).
These dataindicate that BW of acow may beinfluenced by level
of winter supplemental feed provided to its dam.

Retention of females out to the 5" year of breeding is
depicted in Figure 2. Percent of heifers becoming pregnant in
their first breeding season (Yr 1 Figure 2) and proportion
remaining in the herd at start of 2nd breeding season (Yr 2in
Figure 2) was not influenced by dam or heifer treatments (P of
model > 0.23). Retention to start of 3rd breeding wasless (P =
0.01) in REST (58 %) than CON (69 %) cows. Interaction of
dam and cow treatments (P < 0.07) influenced retention to 4th
and 5th breeding. Retention to 4th breeding wasless (P < 0.1)
for REST cowsfrom ADEQ dams (46 %) than the other damby
cow treatment groups (57 to 62 %). Retention to 5th breeding
was less for REST cows from ADEQ dams (39 %; P < 0.01)
than REST cows from MARG dams (66 %); with CON cows
from MARG (50%) or ADEQ dams (51 %) being intermediate.
While not statistically different until Yr 3, the numeric trend for
Yr 1 and 2 isfor the REST cowsto have fewer retained, which
ismost obviousin cows from ADEQ dams (solid black vs. solid
gray bars in Figure 2). It is expected that these experimental
treatments would be most similar to experimenta conditions
evaluated in previous research, where level of nutrition of dam
has not generally been considered, but most likely was managed
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for optimal production. Inthisrespect, the comparison of CON
cows from ADEQ dams to REST cows from ADEQ damsfits
the results expected based on previous research concerning
nutritional effects on reproduction. Furthermore, resultsindicate
that the negative effects appear to be cumulative over the 5
breeding seasons. However, anovel observation of the present
research isthe apparent influence of the dam’ slevel of nutrition
on its offspring’s response to nutritional treatment. While
number of cows that are old enough to have observations for
retention out to 4 and 5 breeding seasons may be somewhat
limited, the data indicate that managing cows on what was
expected to be marginal levels of nutrition, improved the ability
of their offspring to sustain reproductive performancewhenthey
were managed with marginal levels of harvested feed inputs.

Calvesfrom REST cows and MARG granddamswere
lighter (P < 0.01) at birth and weaning by 1.0 and 6.9 kg,
respectively, than calves from the other groups (interaction P
<0.06; Table 3). As with retention, these results provide
evidence that a cow’s response to different levels of nutrition
may be altered by the nutritiona treatments imposed on it's
dam. The basis for the small decrease in BW at birth and
weaning for caves from REST cows and MARG granddams
remans to be determined. However, it is interesting to
speculatethat this small decreasein output may be contributing
to the increased rates of retention out at 5" breeding. While
additional data concerning long term retention are needed,
current trendsindicate that the small decreasein calf output may
be more than compensated by increased longevity.

Implications

Productivity of cows managed on 2 levels of harvested
feed inputs was influenced by the level of harvested feed
provided to their dams; greatest feed input did not maximize
long term retention. Thus, feeding to maximize short term
reproductive performance or any other trait may not equate to
the greatest production efficiency in the long term.  In this
respect, greater efficiency is probably achieved by matchingthe
geneticsto the environment rather than altering the management
(increase feed inputs) to support changes resulting from genetic
selection. Thisresearch also provides evidencethat nutritional
influences on replacement heifers may beginin utero, or earlier,
and continue throughout life. Maintaining cows under a
marginal nutritional environment through the winter and
developing their heifers on lower levels of nutrient input may
improve efficiency and enhance longevity.
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Table 1. Year of birth (YOB) and number of control and
restricted fed heifers from dams that were provided adequate
(ADEQ) or margind (MARG) levels of harvested feed
throughout the winter

Control Restricted
Yr YOB ADEQ MARG ADEQ MARG
1 2002 21 31 30 23
2 2003 31 32 34 28
3 2004 43 43 44 38
4 2005 39 30 35 31
5 2006 36 37 38 33
6 2007 36 31 34 34
All 206 204 215 187

Table 2. Composition (%, DM basis) of diets fed during the
140-d feeding period for Y r 1 and range of compositionfor Yr 2

to7
Yrl Yr2toYr7
Corn silage 52 671068
Alfafa 38 171018
Supplement 10 15
DM 475 36 to 37
CP 133 15t018

Containing protein and mineral.

Table 3. Influence of level of nutrition provided to granddam
and dam on BW of calves at birth and weaning"

Granddam Dam BW at BW at wean,

treatment trestment  hirth, kg kg
ADEQ CON 35.0 203.6
ADEQ REST 35.0 202.3
MARG CON 35.0 201.4
MARG REST 33.6° 196.4%
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!See figure legends for description of nutritional treatments.
2 Differs (P < 0.01) from other groups.

—— CON from ADEQ dam
550 7| —@— CON from MARG dam
o —«&— REST from ADEQ dam
=< 500 1 REST from MARG dam
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Figure 1. Effect of level of feed inputs provided during
postweaning development and annual winter supplementation
and by level of winter feed inputs provided to dams on BW of
cows prior to breeding at 2 to 5 yr of age classified by. Cows
developed with ad lib access to feed and provided adequate
winter harvested feed inputs (CON, black lines) wereheavier (P
= 0.01) than cows developed with restricted feed intake and
provided marginal levels of harvested feed in the winter (REST;
grey lines). At 3, 4 and 5 yr of age, cows from dams provided
marginal levels of harvested feed in thewinter (MARG, square
symbols) were heavier (P < 0.01) than cows from dams
provided adequate levels of harvested feed during the winter
(ADEQ, diamond symbols).

B CON from ADEQ dam
B CON from MARG dam
@ REST from ADEQ dam
T REST from MARG dam

100%

90% -

80% |

70% -

60% -

Retention rate

50% -

1 2 3 4 5
Breeding year

Figure 2. Retention of cows classified by level of feed inputs
provided during postweaning development and annua winter
harvested feed inputs and by level of winter feed inputsprovided
to their dams. Heifer calves born to dams that had been fed
levels of harvested feed from Dec to March of each year that
were expected to be margina (MARG, depicted by square
symbols in bars) or adequate (ADEQ, depicted by solid bars)
were randomly assigned to be fed ad libitum (CON, black bars)
or restricted (REST; gray bars) access to feed during a 140-d
tria after weaning, and then were subsequently fed adequate or

marginal of harvested feed from Dec to March of each year.
Number of animals represented for each breeding year is
dependant on number years el apsed since year of birth, and thus
numbers evaluated decline each year (n = 776, 632, 505, 385
and 226 for Yr 1 though 5, respectively) accounting for the
disconnect between breeding years. Values shown for Yr 1 are
heifer pregnancy rates. Vaues for Yr 2 through 5 are
proportion remaining at beginning of 2™ through 5" breeding
season. Retention did not differ among groupsinYr 1 or 2, but
was greater in CON (black) than REST (gray) cowsat Yr 3 (P
=0.01). Treatment by dam treatment interactions were evident
for Yr 4 and 5 (P = 0.07 and 0.04, respectively). In Yr 4,
retention waslessfor REST cowsfrom ADEQ damsthan other
groups (P <0.1). InYr 5, retention of REST cowsfrom ADEQ
dams (P = 0.005) and CON cows from MARG dams (P = 0.09)
was less than for REST cows from MARG dams.
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ABSTRACT: Wyoming sheep producers were surveyed to
determine the perceived importance of ram sexual behavior
in their management practices. The survey was devel oped
to gather genera ranch and herd management information.
The National Agricultura Statistics Service (NASS)
provided the sampling frame from producer lists kept by
NASS. Wyoming sheep producers (n = 719) received the
survey of which 47% responded and was representative
across small (< 30 ewes), small to medium (30-49 ewes),
medium (50-99 ewes), medium to large (100-299 ewes) and
large (> 299 ewes) sized operations. Although producers
had a high level of agreement on the importance of
breeding performance (mode of 5 “strongly agree”; mean
4.4 + 1.0) for flock productivity, libido was considered the
least important criterion for ram selection by 59% of
producers, ranking libido third of the three most important
criteria for ram selection. Breed (63%), scrapie genotype
(31%) and structural soundness (30%) were considered the
most important ram selection criteria. Muscling (44%) was
ranked as the second most important criteria for ram
selection. Similar to libido, feedlot test performance (56%)
and pedigree/genetics (51%) were ranked third. Wool
characteristics and breeding soundness exam were of less
importance for ram selection. Rams are most commonly
culled due to increased age (mode of 5; mean 4.4 + 1.0), but
lack of libido was an important consideration (mode of 5;
mean 3.2 + 1.4). Sheep producers were neutral in their
perception of current feediot performance tests adequately
evaluating the breeding competence of rams (mode of 5;
mean 3.4 £ 1.2). This survey indicates although producers
are aware of differences in ram libido that would affect
flock performance, they have not incorporated breeding
performance as an important criteria for ram selection.
Furthermore, some producers erroneously believe that
current feedlot performance tests evaluate breeding
competence.

USDA-CREES 2007-55618-18176

Key Words. Rams, Libido, Breeding performance, Feedlot
test performance.

Introduction

A Wyoming Sheep Producer Survey was
developed to gather information about sheep production in
Wyoming. Genera ranch information including herd, ram
and predator management practices as well as general
demographics were collected. A subsection of the survey
concentrated on ram management practices. This section
contained five questions designed to dlicit information

about the importance of ram performance, culling, criterion
for selecting rams and flock composition.

The influence of ram mating behavior on
conception and lambing rates has been demonstrated in pen
(Perkins e a., 1992) and fidd (Mattner et al., 1971,
Stellflug et al., 2006) mating trials. Ram selection based
solely on production traits may cost producers economic
opportunities as well as sow genetic progress of the flock if
those selected rams have a low propensity for sexual
performance. Of the 196,000 rams nationwide,
approximately 23% of all rams are predicted to be non-
breeders (Fitzgerald and Perkins, 1992) resulting in an
annual loss of $13.5 million in ram costs alone to U.S.
sheep producers. Resecarchers a the U.S. Sheep
Experiment Station suggest identification of both low- and
non-performing rams would reduce the number of rams
required for breeding flock maintenance by 50% (ASI,
2005).

This survey was conducted to gather sheep
production information with an emphasis on ram
management practices. Current management practices must
be assessed to determine where changes in management are
most likely to be adopted to improve production and
profitability through increased vigilance of ram sexua
behavior.

Materialsand Methods

All Wyoming sheep producers were issued a
survey by the National Agricultural Statistics Service
(NASS). The producer lists kept by NASS are
comprehensive and routindy updated. Because their lists
are confidential, the Wyoming office of the USDA’s NASS
was responsible for administration of both mail and phone
surveys.

Theinitia mailing contained a cover letter, survey
and return postage-paid envelope. One week later, all
potential respondents received a follow-up postcard asking
them to return the survey and thanking them if they had
already done so. Two to three weeks after the initial
mailing a second mailing was sent out containing a cover
letter, another copy of the survey and a postage-paid
envelope. Three weeks following the initial mailing, non-
respondents were re-sampled and the full instrument was
delivered using telephone enumerators. A dratified random
sample (n = 719) of sheep producers in the date received
the survey, of which 47% responded.

Ram management practices were surveyed by
asking the level of agreement to 11 statements. A scale of 1
to 5 was used with 1 = “strongly disagree’ and 5 =
“strongly agree.” Another section asked producers to rank
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the most important criterions in ram sdlection. A final
section asked producers the average age of their rams at the
first breeding season and number of ewes per ram they
typically place in the breeding flock.

Results and Discussion

Size of operation was categorized according to the
number of bred ewes reported as typically owned and were
defined as. small operations (< 30 bred ewes), smal to
medium operations (30-49 bred ewes), medium operations
(50-99 bred ewes), medium to large operations (100-299
bred ewes) and large operations (= 300 bred ewes). Of the
338 valid responses, 125 were from small, 41 from small to
medium, 56 from medium, 54 from medium to large and 62
from large operations.

Producers were neutral (3.6 £ 1.2; 1 = “strongly
disagreg’” and 5 = “strongly agree’) in their perception of
the importance of ram performance testing for genetic
progress and profitability of their flocks. Furthermore,
producers were not clear (3.4 + 1.2) whether current
performance testing evaluates breeding competence, or
libido, of rams. Sheep producers did, however, agree that
breeding performance (i.e. libido) was important for flock
productivity (4.4 + 1.0) and rams with proven breeding
competence (4.2 £ 1.0) were more valuable than those with
unknown breeding competence.

Rams were most commonly culled because of age
(4.4 £ 1.0). Lack of libido (3.2 + 1.4) was not a strong
reason for culling rams. Interestingly, lack of libido was a
more important reason to cull rams for producers from
small sized operations (mode = 5) than medium to large
(mode = 2) or large sized operations (mode = 3). Culling
rams due to lack of structural soundness, presence of
epididymitis or lack of body condition (mean 3.2 + 1.5) did
not produce strong agreement.

Breed was the most important ram selection
criterion among al operation sizes (65% of respondants
ranked it number 1; Table 1). Scrapie genotype was also an
important ram selection criterion (31%) as was structural
soundness (30%). Muscling (44%) was the most common
2" ranked criterion for ram selection. Structural soundness,
wool characteristics and breeding soundness exams were
also commonly ranked 2™ (Table 2). Overall libido was
considered the least important criterion with 59% of
respondents ranking it 3°. As with reasons for culling,
libido was a more important criterion for ram selection
among small sized operations (27% ranked it first) than
with medium or medium to large sized operations (0%
ranked first). Feedlot test performance was commonly
ranked 3" as was pedigree and “other” criteria.

Rams are 15 + 7 mo of age during their first
breeding season, a characteristic consistent across all
operation sizes. As expected, numbers of ewes expected to
be bred by each ram varied by operation size (Table 2).
Operations with < 30 head of ewes had a smaller ewe to
ram ratio which increased with greater ewe numbers.

Implications

This survey indicates that athough Wyoming
sheep producers are aware of differences in ram libido that
would affect flock performance, they have not incorporated
breeding performance as an important criteria for ram
selection. Furthermore, some producers erroneoudy
believe that current feedlot performance tests evaluate
breeding competence.
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Table 1. Ranking percentages for the three most important criterionsin sdecting rams: all ranches.

Characteristics® Rank 1 Rank 2 Rank 3
Breed 63% 14% 22%
Scrapie Genotype 31% 34% 34%
Muscling 25% 44% 31%
Structural Soundness 30% 41% 29%
Wool Characteristics 27% 38% 35%
BSE Results 28% 31% 41%
Libido 18% 23% 59%
Feedlot Test Performance 22% 22% 56%
Pedigree/Genetics 20% 29% 51%
Other 33% 11% 56%

®Producers were provided alist of characteristics and were asked to rank three most important criterionsin ram
selection. Rankl isassumed to be the most important trait whilerank 3 the least important criterion. Percentages
equal 100% across characteristics.

Table 2. Average number of ewes typically planned to be covered by each breeding ram.

Operation Type

All Ranches <30 30-49 50-99 100-299 > 299
n =309 Bred Ewes Bred Ewes Bred Ewes Bred Ewes Bred Ewes
- n=281 n=236 n=>53 n=>53 n=>59
27 15 27 28 32 38
(15) ) (10) (10) (11) (18)

Means are rounded to the nearest whole numbers.
Standard deviations are in parenthesis (rounded to the nearest whole number).
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ABSTRACT: Ammonia emissions from feedliot
operations pose risks to human and ecosystem hedlth. In
particular, nitrogen deposition in Colorado’'s Rocky
Mountain National Park has been associated with
livestock feeding in the western Corn Belt and Colorado.
Feedlot operators can implement a variety of Best
Management Practices (BMPs) to reduce ammonia
emissions. These BMPs vary in simplicity, managerial
time, effort and required financial capital. Although the
ammonia-mitigating potential of various BMPs is well-
researched, little research examines the bariers that
prevent feedlot operations from adopting the BMPs. To
learn more about these barriers, a questionnaire was
mailed to 1,998 dairy and feedlot producers in June 2007.
Survey responses (overal response rate of 7.6% for
feedlots and dairies) allow determination of current levels
of BMP adoption as well as producer perceptions of the
environmental impact and economic feasibility of each
BMP. Of the thirteen BMPs surveyed, six of the BMPs
had adoption rates greater than 50%, indicating sizeable
overall adoption levels. Probit analysis enables estimation
of the conditional probability of adoption given a set of
attributes. Explanatory variables in the probit analysis
include farm characteritics as well as operator
perceptions of codt, profitability, ease of adoption, and
environmental impact. The results from the probit model
varied substantially across BMPs, with the most robust
findings for hiring a nutritionist, implementing group
feeding, testing soil for nutrients and providing shade in
drylot pens. Practices involving high fixed costs were
more likely to be adopted by large operations and by
managers that perceive a practice as profit-enhancing.

Key words. Ammonia, Best Management Practices,
Feedlot
Introduction

Ammonia is produced on livestock operations
when urea nitrogen in urine combines with the urease
enzyme in feces and rapidly hydrolyzes to form ammonia
gas (Muck, 1981). Once in gaseous form, ammonia reacts
with other particles in the atmosphere, especially nitric
and sulfuric acids produced from vehicles and indugtrial
emissions to form fine particulate matter (PM ,5). The
small size of these particles enables wind to carry them
from rural areas to urban areas, where they build up in the
atmosphere contributing to smog and respiratory
problems (Marcillac et al., 2007).

The U.S. Environmental Protection Agency
estimates that approximately 40% of total ammonia
emissions in the United States come from livestock
(Battye, 1994). If livestock producers were to adopt a
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combination of Best Management Practices (BMPs),
potential ammonia emissions reductions could approach
two-thirds (Powell, 2006). Outreach professionals
recognize the effectiveness and environmental trades-offs
of ammonia BMPs, but have little information on
producer adoption and constraints to inform their outreach
strategy. Producers are likely constrained by too little
investment capital, insufficient cash flows or other
barriers. Barriers to adoption likely vary according to the
BMP considered.

Previous research on adoption of manure
management BMPs primarily focuses on practices
targeted at improving water quality. A study of dairy
producers (Nunez and McCann, 2008) found that off-farm
income, location, perceived profitability and perceived
complexity were dignificant factors in determining
adoption of four water quality manure BMPsin lowa and
Missouri. Prior to this research, Rahelizatovo (2002)
found that adoption of dairy water quality BMPs was
highly influenced by farm and operator characteristics,
environmental perceptions as well as producer attitudes.
The current research aims to extend this body of research
to ammonia BMPs, which, due to different capita, labor
and technology requirements likely pose different barriers
than water quality BMPs.

Materialsand Methods

A survey was designed following Dillman
(1991) and mailed to 1,998 feedliots and dairies in
Colorado, lowa, Kansas and Nebraska, resulting in a
patry 7.6% response rate. The survey requested
information on producer adoption of thirteen BMPs listed
in Table 1. These practices are known to reduce ammonia
emissions (Marcillac et al., 2007) though producer
knowledge of the practices' benefits may be limited. BMP
adoption among the survey respondents is listed in Table
1's second column, and range from heavily adopted (e.g.,
using feed additives) to those that are seldom adopted
(e.g., adding an acidifier to the surface of a dry lot). Each
BMP was given an abbreviation that is found in the
parenthesis of Table 1.

BMP adoption relies on the attitudes of feedlot
managers, manager demographics, feedlot business
characterigtics, the local inditutiona environment and
other factors. The hypothesized factors influencing
adoption in this study are listed in Table 2 along with the
manner in which they are obtained (e.g., a dichotomous
variable coded as a 1 or 0) and coded for analysis.
Summary statistics were tabulated, providing a general
profile of the survey sample and are available from the
authors upon request.



Table 1. Description and feedlot adoption rate of BMPs.

Best Management Practice Adoption
Use feed additives (ADD) 96%
Measure crude protein (PROTEIN) 93%
Practice group feeding (GROUP) 88%
Perform yearly soil test (SOIL)* 78%
Hire anutritionist (NUTRITION) 7%
Collect runoff water (RUNOFF) 67%
Remove manure (CLEAN)? 60%
Test for nutrients (TEST)? 59%
Provide bedding in drylot pens (BED) 52%
Incorporate manure (INCORPORATE)* 42%
Provide shade in drylot pens (SHADE) 34%
Apply water to drylot surface (SURFACE)  28%
Apply an acidifier to drylot surface (ACID) 3%

! perform yearly soil test for cropland nutrients; “remove more than four
times per year; * test manure, effluent and compost; * incorporate
within 48 hours of application

Table 2. Description of explanatory variables used to
estimate probability of BM P adoption.

Variable Description

SIZE Number of cattleraised in the last year
CROP Acres of cropland

STATE Dummy; 0= Colorado, 1= other state
IOWA 1= lowa

KANSAS 1= Kansas

NE 1= Nebraska

REVENUE Co¢t efficiency

INVEST Y early investment capabilities, $
DIVERSE  Percent revenue from non-feedliot activity
OWN Percent of cropland owned by respondent
FUTURE Dummy; O= invested, 1= divested
RETIRES Plansto retire within 5 years

LIVES Planstoinvest in livestock within 5 years
LIVE1S Planstoinvest in livestock within 15 years
EXPER Number of years managing operation
AGE Years

EDUC Y ears of education starting from 1% grade
PROFIT Perception of profitability of BMP

COSsT Perception of cost of BMP

TECH Perception of technical need for BMP
WATER Perception that BM P benefits water

AIR Perception that BM P benefits air

Of the BMPs listed in Table 1, the respondents
cost perceptions of the BMP, its perceived profitability
and the amount of technical expertise that isrequired are
of particular note. These are the variables COST, PROFIT
and TECHNICAL respectively in Table 2, and
respondents were asked to rate their level of agreement
using a Likert type scale (1= strongly disagree ... 5 =
strongly agree). Raw data are summarized in Table 3. As
an example, measurement of crude protein (PROTEIN) is
generally found to improve profitability (ranking of 4.4),
requires technica assistance (4.0) and is not perceived to
be costly (2.6).

The impact that Table 2's variables have on
BMP adoption will vary by the practice; after al, BMP's
vary in their requirements for capital, cash flow, technical
expertise, etc. The general form for the relationship
between the BMP and explanatory variables is listed in
equation 1.
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Table 3. Average operator response for economic
perceptions of BMPs (5=strongly agree; 1=strongly
disagree).

Do you think BMP is

BMP Profitable  Technica®  Costly
PROTEIN 4.4 4.0 2.6
NUTRITION 4.1 4.2 3.1
ADD 43 3.7 3.2
GROUP 4.1 2.1 2.1
SHADE 34 2.2 34
SURFACE 2.9 2.1 3.4
ACID 25 3.0 34
CLEAN 3.7 2.1 35
BED 3.2 1.9 3.8
RUNOFF 3.0 3.2 3.9
INCORPORATE 3.4 2.2 35
TEST 3.8 4.0 3.4
SOIL 4.0 4.2 35

" requires technical assistance

(1) BMP, = F (SIZE, CROP, STATE, INVEST,
REVENUE, EDUC, DIVERSE, OWN, EXPER,
FUTURE, AGE, PROFIT, TECH, COST, AIR,
WATER) + e

where subscript i refers to the i BMP in Table 1, the
explanatory variables are described in Table 2, and e is
the error term, which is assumed to be distributed
logistically.

Discrete choice methods enabled the estimation
of factors influencing the probability of adopting a BMP
or set of BMPs based on attributes surveyed. Discrete
choice modeling is appropriate in this research as the
adoption of a BMP is coded as 1 and non-adoption is
coded as 0. Probability of adoption is grounded in
random utility theory, where a utility-maximizing
producer chooses whether to adopt a practice (Greene,
2000; Maddala, 1983).

An initial univariate logit analysis of each of the
thirteen BMP adoption equations provides preliminary
estimates of the redationship between explanatory
variables and adoption rates, as well as identifies
candidate variables for the subsequent multivariate
andysis. Variables found significant at the 25% level or
gregter in the univariate analysis are included in the
multivariate analysis. Multivariate probit analysis is then
used to improve estimate efficiency by allowing for
interaction among adoption of practices. The multivariate
andysis requires BMPs be grouped, and the BMPs in this
study are grouped according to whether they are used in
manure application (BMPs include SOIL, TEST and
INCORPORATE), in managing the drylot (BED,
CLEAN, RUNOFF, SHADE) or managing feed inputs
(GROUP, PROTEIN, NUTRITION and ADD). Results
for each group are discussed in turn.



Results

Perceptions of profitability (PROFIT) positively
impact the adoption of manure application BMPs
including performing a yearly soil test (SOIL), testing
manure for nutrient values (TEST) and incorporating
manure into cropland (INCORPORATE) within 48 hours
of application (Table 4). Size of the operation (SIZE)
also has positive impacts on adoption meaning that larger
operations are more likey to adopt TEST and
INCORPORATE, though the relative impact of SIZE is
quite small compared to other datistically significant
explanatory variables. Respondents who perceive SOIL
and TEST to require technical expertise (TECH) are less
likely to adopt the practice for that reason. The number of
years managing a feedlot (EXPER) contributes to
adoption of the BMP TEST. More diversified operations
(DIVERSE) are more likely to incorporate manure within
48 hours of application (INCORPORATE).

Table 4. Multivariate probit results for manure application

practices.

Variable Coefficient St Error P-value
1. SOIL

Constant 1.3589 0.3141 0.0001

SIZE -1.55E-05 0.0001 0.6662

PROFIT*** 0.4021 0.1416 0.0045

TECH*** -0.4018 0.1415 0.0045

KANSAS -0.7727 0.5096 0.1295

IOWA** -0.8273 0.3389 0.0146
2. TEST

Constant 0.1503 0.1569 0.3381

SIZE*** 0.0001 1.94E-04 0.0042

PROFIT*** 0.5969 0.1864 0.0014

TECH*** -0.5959 0.1864 0.0014

EXPER** 0.0018 0.0014 0.2092
3. INCORPORATE

Constant -2.7292 0.5326 0.0001

SIZE** -5.21E-05 1.62E-05 0.0458

PROFIT*** 0.7347 0.1502 0.0001

OWN -0.0009 0.0006 0.1288

DIVERSE*** 0.0013 0.0004 0.0021

Log-likelihood -206.58

Correlation coefficients*

R(01,02) 0.3026

R(01,03) 0.0285

R(02,03) 0.3777

*** gignificant at 1% level; **significant at 5% levd; *significant at
10% leve; 1 indicates correlation between BMP adoption decisions

Managing the dryl ot includes the BMPs of BED,
CLEAN, RUNOFF, and SHADE with results presented in
Table 5. Smaler operations are more likely to provide
shade (SHADE) and bedding (BED). Cost efficient
operations (REVENUE) are more likely to provide shade
and remove manure frequently as indicated by the
positive sign on SHADE and CLEAN. Sate location
relative to Colorado influences an operator’s probability
of removing manure frequently- location in lowa
increases the relative likelihood while location in Kansas
decreases the relative likelihood. Perceptions of profit
(PROFIT) and future plans (RETIRES5, LIVEL5, LIVED)
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have the most significant impact on a respondents
decision to provide bedding.

Table 5. Multivariate probit results for drylot best

management practices.

Variable Coefficient St Error P-value
1. BED
Congtant -2.3091 0.4245 1E-07
SIZE* -1.55E-05 8.46E-06 0.0676
RETIRES** 0.0009 0.0004 0.0209
LIVE15** -0.0007 0.0003 0.0326
LIVES** 0.0007 0.0004 0.0396
PROFIT*** 0.8464 0.1427 2.9E-07
DIVERSE -0.0006 0.0006 0.3365
2. CLEAN
Constant 0.5893 0.3339 0.0776
SIZE 1.53E-05 2.62E-05 0.5582
PROFIT 0.0011 0.001 0.2732
INVEST 9.07E+03 1.24E-06 0.4641
REVENUE** 0.0006 0.0003 0.0369
EDUC 0.0011 0.0007 0.1258
|OWA*** 0.9296 0.2763 0.0008
KANSASH** -0.9317 0.2698 0.0006
OWN -0.001 0.0012 0.3947
3. RUNOFF
Constant -0.4467 0.2766 0.1063
SIZE*** 0.0006 0.0002 0.0033
PROFIT 0.1209 0.1052 0.2502
TECH -0.121 0.1052 0.2501
INVEST 1.74E-06 4.50E-06 0.6985
REVENUE -0.0003 0.0003 0.3457
DIVERSE -0.0008 0.0008 0.2853
OWN -0.0009 0.0008 0.2194
4. SHADE
Constant 0.3407 0.2679 0.2036
SIZE*** -0.0001 1.62E-05 0.0013
PROFIT -0.0023 0.0045 0.6066
COosT 0.0019 0.0045 0.6774
CROP -0.0001 0.0001 0.2845
INVEST 7.53E-06 4,93E-06 0.1262
EXPER 0.001 0.002 0.6201
REVENUE* 0.0005 0.0003 0.0762
DIVERSE*** -0.002 0.0005 0.0001
OWN 0.0015 0.0015 0.3385
Log-likelihood -267.21
Correlation coefficients*
R(01,02) 0.2128
R(01,03) 0.3430
R(02,03) -0.3000
R(01,04) 0.2434
R(02,04) -0.1551
R(03,04) 0.0069

*** gignificant at 1% level; **significant at 5% leve; *significant at
10% levd ; 1 indicates correlation between BMP adoption decisions

Of the four feeding BMPs, two models failed to
converge (GROUP and PROTEIN), and only the amount
of cropland impacts the practice of providing feed
additives (ADD) (Table 6). The poor results for ADD
could be explained by the lack of variability in adoption



rates, as 96% of respondents use feed additives.
Perceptions of cost (COST) and profitability (PROFIT)
are found to statistically impact respondents decision to
hire a nutritionist. The perception that the practice is
costly decreases the probability of adoption, whereas the
perception that the practice is profitable increases the
probability of adoption.

Table 6. Multivariate probit results for feeding best
management practices.

Variable Coefficient St. Error P-value
1. NUTRITION
Constant -1.1792 0.7229 0.1028
SIZE*** 0.0008 0.0002 0.0004
PROFIT*** 0.5033 0.1375 0.0003
COSsT* -0.2819 0.1594 0.077
REVENUE -0.0003 0.0004 0.3943
AIR -0.509 0.3633 0.1612
WATER 0.5093 0.3633 0.1609
2. ADD
Constant 1.6995 1.4406 0.2381
SIZE 0.0003 0.0007 0.7157
CROP* -0.0001 0.0001 0.0921
PROFIT -0.0016 0.0804 0.9838
EXPER -0.0118 0.0343 0.7313
OWN 0.0014 0.0015 0.3421
FUTURE -0.9359 0.9132 0.3055
REVENUE 0.0002 0.0007 0.8216
STATE 0.7564 1.26 0.5483
Log -likelihood -60.99
Correlation coefficient*
R(01,02) -0.6060

*** gignificant at 1% level; **significant at 5% levd; *significant at
10% leve; 1 indi cates correlation between BM P adoption decisions

Discussion

Hiring a nutritionist, collecting runoff from
drylots, and testing for nutrients are practices most
amenable to large operations. These practices range from
59-77% adoption rates, indicating potential for increased
adoption. The perception of high cost seems to limit the
adoption of hiring a nutritionist, especially for small
producers who are unable to distribute the high fixed cost
across as many animals. A perception of technical
expertise decreases the probability of testing manure and
compost for nutrients, as well as for performing yearly
soil tests. The technical expertise constraint particularly
impacts smaller producers for testing manure and
compost, while it persists across all sizes for conducting
yearly soil tests.

Both providing bedding in pens (BED) and
shade in drylots (SHADE) require less technica
assistance than the average practice (Table 3). Thisresult,
combined with the negative rel ationship between adoption
and size indicates they are better suited for adoption by
smaller operations, as well as operations where the feedlot
represents the principal revenue stream. Results indicate
Colorado respondents are more likely to adopt the
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practice of removing manure from drylots at least four
times a year as compared to respondents from Kansas.
The SURFACE model did not converge in the
multivariate analysis, but the univariate analysis indicated
that Colorado producers are also more likely to apply
water to the surface of drylots, likely due to the dry
Colorado climate.

Implications

These datigtica findings should be combined
with professional knowledge regarding efficacy of each
BMP in terms of net ammonia emissions. Removing
adoption barriers implies benefits, but not every practice
costs the same to implement nor generates the same
ammonia reducing benefits. Thus, the benefits and costs
of increasing adoption of a BMP should be considered
when prioritizing research effort and BMP subsidies. It
appears that outreach and policy should prioritize
practices that show both promising ammonia-reduction
potential and moderate adoption rates. Specific avenues
for policy may include cost-sharing, encouraging size-
appropriate BMP adoption and promoting BMPs found to
be profitable.
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EFFICACY OF BEST MANAGEMENT PRACTICES FOR AMMONIA REDUCTION ON FEEDLOTSAND
DAIRIES

N.M. Embertson* and J.G. Davis
Colorado State University, Fort Callins, CO

ABSTRACT: Agricultural NH; emissions contribute to
N deposition in Rocky Mountain National Park. Increased
nitrate levelsin apine lakes and shiftsin plant communities
in the Park have been related to increasing levels of N
deposition. The agricultura community is expected to
voluntarily adopt Best Management Practices (BMPs) that
will reduce NH; emissions. Our goal was to evaluate the
impact of BMPs on NH; emissions from feedlots and
dairies to provide producers with information to make
choices that are both economically and environmentaly
sustainable. Following a thorough literature review, the
most promising BMPs were tested on feedlots and dairies to
measure their real-world efficacy, practicality and
implementation cost. Selected BMPs were tested on 6 dairy
and 6 feedlot operations in 2007 and 2008. The 12 BMPs
tested were: bedding, alum application to pen surfaces,
feedlot pen manure removal frequency, freestall manure
removal technology, natural vs conventionally fed cattle,
freestall manure removal rate, water application to drylots,
composting vs stockpiling of manure, feed additives, in-pen
vs out-of-pen manure stockpiling, harrowing woodchips
into drylots, and natura lagoon covers. Ammonia
concentration was measured from surfaces using area-time
NH; analyzer (Nitrolux-S, Pranalytica) with eight
coincident measurements per sample location (replications
varied by BMP). Results for individual BMP sampling
models were analyzed using the mixed model procedure
accounting for day and weather effects. Significance was
evaluated a P=0.10 usng Ismeans. Compost bedding in
freestalls had 43% lower NH; concentration above the
bedding surface than sand over a 30 day period (P=0.06).
Harrowing wood chips into drylots tended to decrease
ammonia concentration by 40% (P=0.19). Alum application
to feedlot pen surfaces was not economical (~$43/head/yr),
and had limited long-term effectiveness (56% reduction for
2 days). Surface emissions from naturally vs conventionally
fed cattle were not different (P=0.51). Extension materials
will be developed to aide feedlot and dairy managers in
their management decisions.

Key Words: Ammonia, BMP, Dairy, Feedlot
Introduction
Rocky Mountain National Pak has been

recognized as a prominent example of the impact that
nitrogen deposition can have on natural areas. Over 20

*Author present address: Whatcom Conservation District,
Lynden, WA

years of data have shown that wet and dry nitrogen
deposition has resulted in increased soil and water N levels,
which has been linked to changes in ecosystems, plant
species composition, and eutrophication of surface water
bodies (Fenn et a., 2003; Baron, 2006). Additionaly,
ammonia is known to react with atmospheric acids, such as
nitric and sulfuric acid, to form fine particulate matter
(PM,5), which is a major contributor to atmospheric smog
production (Anega et al., 1998) and has numerous
detrimental human health effects such as lung and heart
disease (Kaiser, 2005; Nel, 2005). Livestock operations,
such as dairies and feedl ots, have been credited by the State
of Colorado as significant contributors to the increase in N
deposition, in particular, the ammonia portion.

Nationally, and in Colorado, agricultureislisted as
the largest source of atmospheric ammonia (60%), with
livestock accounting for approximately 40% of tota
emissions (EPA, 2003). Ammonia production occurs from
livestock operations when the fecal enzyme urease
catalyses the hydrolysis of urea in uring, which can
represent up to 70% of the total N in manure (V oorburg and
Kroodsma, 1992; Todd et al., 2006). For dairy operations,
model predictions show that of the anmonia emitted from
dairy manure, manure application accounts for the greatest
portion of volatilization (42 %), followed by housing (30
%), storage (14 %), and animals grazing pasture (14 %)
(Pinder et al., 2004). For feedliots, pen surface volatilization
accounts for the largest source of ammonia volatilization,
which is approximately 50% (30 to 70%) of average annual
feedlot ammonia emissions (Todd et al., 2008). Manure
storage and land application account for the additional 50%.
Land application tends to be low because most of the N has
dready volatilized from the manure prior to land
application.

To mitigate N deposition in Rocky Mountain
Nationa Park, the State has regquested that livestock
operations voluntarily reduce their ammonia emissions
through the adoption of Best Management Practices
(BMPs), which are suggested to help a producer reduce
their environmental impact while maintaining or improving
herd production. However, while there are many suggested
ammonia reduction BMPs in the literature, field testing and
economic evaluation is limited. In addition, there is a need
for consolidation of information about these methods to
help guide producers in choosing the optimum BMPs for
thelr operations.

The objective of our study is to minimize the
negative impacts of ammonia on human health and the
environment through the adoption of fied-tested, effective,
and economical BMPs for dairy and feedlot producers. If
livestock producers are proactive and use a combination of
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various BMP reduction methods throughout their operation
system, they have the potential to reduce on-farm ammonia
emissions by 65-70% (Powell, 2006).

Materialsand Methods

The first part of the project was to conduct a
comprehensive literature review to identify BMPs that had
been shown in research studies to have potentid for
ammonia reduction on dairy and feedlot operations. The
literature review identified 12 BMPs that had potentia for
field success based on their effectiveness, economic
viahility, or ease of use. Chosen BMPs tested under field
conditions included: scrape rate in freestall barns (1, 2 or 3
x/d), manure removal technology for freestall barns (scrape,
automatic scrape, and vacuum), manure removal frequency
of feedlot pens, composting vs. stockpiling of manure,
naturally vs. conventionadly fed cattle, feed additives,
bedding type in freestall barns, harrowing wood chips into
drylots, alum application to feedlot pen surfaces, water
application to feedlot pen surfaces, in-pen vs. out-of-pen
stockpiling, and natural lagoon cover.

Field demonstrations were conducted to test the
selected BMPs on dairy and feedlot operations to evaluate
the ammonia reduction potential, ease of use, and cost of
the technologies. Field testing was vital to the validity of
the BMPs, as most have only been tested in laboratory
conditions, which is not a true indicator of real world
conditions.

Facilities and Design. Field testing was conducted
on six dairy and five feedlot operations from Augus to
November 2007 and May to October 2008. Dairy and
feedlot operations were located across Eastern Colorado
and varied by type and size; however, for valid comparison,
BMP testing was conducted under similar conditions at
similar operations. Different BMPs require different
measurement designs, but all designs were conducted using
valid statistical and random models.

Sample Analysis. All ammonia measurements were
conducted using a unique surface emission collector
developed at Colorado State University. The system was
designed to measure ammonia concentrations from pen
surfaces, compost piles, lagoon surfaces, alleyways, and
other locations. The device works by collecting surface
emissions through 0.635 cm diameter Teflon tubing, which
is protected by a PVC cap staked 10 cm above the surface.
The cap is used to prevent moisture, dust, and dry
deposition of gas from entering the sampling lines. The
system is unique because it does not disturb the normal
surface flux behavior, and thus does not alter the rate and
concentration of surface emissions like other measurement
devices can (i.e. flux chambers, wind tunnels, etc.).
Sampling lines (8 or 16 depending on the application)
collect ambient air under vacuum into a composite
sampling device, which pulls air from the sampling lines at
equal rates (2.2 Ipm) and mixes it in a closed container.
From this mixed sample, a real-time ammonia anayzer
(Nitrolux-S, Pranaytic, CA) actively collects a mixed
sample at arate of 0.12 Ipm. The red-time analyzer uses
laser photoacoustic spectroscopy for the optical absorption
of ammonia in the analyzed sample. Samples are logged

every 1 to 2 minutes for analysis of surface ammonia
concentration trends and variations over time. In addition,
meteorological data was also collected with a rea-time
mobile weather station (Vantage Pro2, Davis Instruments,
Hayward, CA) located near the measurement locations at
the sampling site.

Satistics. Results for each BMP sampling protocol
were analyzed using the mixed model procedure of SAS
(SAS Ind. Inc., Cary, NC). Modd's accounted for day and
weather effects. A repeated measures statement was
included in the mode if the day effect needed to be
accounted for. The mode (with or without repeated
measures) with the lower Akaike's Information Criterion
Corrected (AICC) was deemed more valid. Data were
evaluated using least squares means with significant
differences considered at P < 0.10.

Results and Discussion

Of the 12 BMPs tested in the field, complete
results are only currently available for five of them. Due to
seasonal congtraints, management considerations, and
logistics, data is till being collected for the following
BMPs: water application to feedlot pen surfaces and in-pen
vs. out-of-pen stockpiling. Data is still being analyzed for
the following BMPs: scraperatein freestall barns (1, 2 or 3
x/d), manure removal technology for freestall barns (scrape,
automatic scrape, and vacuum), composting vs. stockpiling
of manure, and natural lagoon cover.

Bedding. For compost vs. sand vs. wood shaving
bedding in freestalls, results showed that when fresh (<7
days old) and well managed (restock weekly, rake weekly,
surface clean daily), ammonia concentration from compost
bedding (4.89 + 0.22 ppm) was significantly higher than
sand (2.25 + 0.22 ppm) or wood shavings (3.15 + 0.19
ppm) in the short term (<7 days; P = 0.004). Ammoniafrom
sand and wood shavings did not differ under these
conditions (P = 0.82). These results are similar to those
from laboratory bedding studies (Misselbrook and Powell,
2005). However, under less managed conditions (restock
bedding once every 14 days, rake weekly, surface clean
daily) over a 30 day period, compost had 43% lower
ammonia surface concentration (5.44 + 1.36 ppm) than sand
(9.01 + 1.27 ppm) (P = 0.05). Sand bedding tended to have
the most variability among beds ranging from 2 to 25 ppm,
while compost had the leagt variation among beds (1 to 6
ppm). This is likely due to the retention of urine and feces
on the surface of compogt, and the infiltration of urine into
sand. Over time, the sand bed becomes saturated from the
bottom up and loses its ability to effectively separate the
urine and feces, which is its mode of mitigation. The
compost bedding on the othe hand dlows even
incorporation of urine into the bedding upon mixing (a
necessary management practice for compost beds) and stays
relatively stable in concentration.

When a cost andysis was conducted, compost
bedding was found to be a cost effective choice. If
composting was already being practiced and necessary
capital investments in composting equipment had aready
been made, the compost material (manure and spent feed
and bedding) was readily available and required no material
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input cost into the system. Sand and wood chips required
regular delivery cost, fluctuation in cost, and supplier
availability. Additionally, compost had the least impact on
farm equipment, which can be very costly over time in
manure removal equipment repairs, solid separator clean
out and repair, lagoon loading of sand, and the processing
of recycling of sand.

Producers typically chose sand due to its low
tendency to cause health issues with cows, and choose
against compost because they think it might cause an
increase in udder health issues in cows. During our study,
cooperating producers reported no increase in health issues
with cows bedded on compost, but they did note a marked
increase in somatic cell count and magtitis incidences in
cows bedded on wood shavings.

Alum. Liquid application of auminum sulfate
(aum) was more effective than granular application in
reducing surface ammonia concentration (56% vs. 48%
reduction, respectively) within two hours of application to
feediot pen surfaces. However, unlike laboratory studies,
which have found that alum reduced cumulative ammonia
emissions by 98% over a 21 day period from simulated
feedlot surfaces (Shi et al., 2001), we found that reductions
in ammonia concentration only lasted for two days at which
time they were back to baseline values. Thisislikely dueto
the mixing of the aum into the surface layer of the pens
through hoof action and additional deposits of manure and
urine, thus reducing the effectiveness of the alum.
Additionaly, at recommended amendment levels of 9000
kg/ha (Dao, 1999; Lefcourt and Meisinger, 2000; Shi et al.,
2001), alum application to feedlot pen surfaces was not
economical. For a 30,000 head feedlot at the necessary rate
of application (every 2 days), it would cost $1.3 million per
year for a 56% ammonia concentration reduction based on
our results. This high cost, coupled with low profitability
and the need for technical assistance explain why only 3%
of producers surveyed use this practice.

Natural vs. Conventional Cattle. No significant
difference was found between naturaly (without feed
additives, implants till given) verses conventionally (fed
additives and implants given) fed cattle (P = 0.51).
Economic analysis is still underway to determine if one
practice is more economical based on rate of return and
input cost per animal.

Manure Removal. Ammonia emissions were
measured before and after scraping feedlot pens with a box-
type scraper. While ammonia emissions were ailmost 10%
higher before scraping, no significant difference was found
before vs. after scraping (P = 0.51). Producer experience
has demonstrated that increased pen scraping frequency
reduces dust.

Wood Chips. Dairy producers typically provide
some type of bedding for cows in the wet seasons.
Ammonia concentrations were measured at operations that
used wood chip bedding in the areas of drylot pens where
cattle tended to spend a considerable (>60%) part of their
day. Pens with wood chips harrowed in had up to 40%
lower ammonia concentrations than areas with no wood
chips (P = 0.19). While composite results were not
significant, results from individual dairies were, indicating
that the use of woodchips as a means to reduce ammonia

concentrations above drylot pen surfaces was very
effective. The wood chips acted as both a method of
aerating the pen surface and as a carbon source, tying up
some of the nitrogen in the manure and encouraging a
composting-like process within the pen. The use of wood
chips was also a good amendment to reduce pen moisture
and improve cow health during wet periods.

Implications

These results demongrate that while some BMPs
may be economical on a small-scale or effective in a
laboratory setting, when installed in field conditions, they
are not always economical or effective. On the other hand,
our findings show that there are some BMPs available that
are effective, economical, and easy to use. However,
individual characteristics of an operation need to be
considered when choosing BMPs for dairy and feedlot
operations. It is important to note that not al BMPs are
viable on every operation. BMPs must be selected
individually for an operation based on current management
practices;, BMPs aready in place, operation layout,
economics, and ammonia reduction goals. The results of
our BMP evauation, located on our webste
(www.AmmoniaBMP.info) and in outreach materias, will
aid producers in choosing the BMPs appropriate for their
dairy or feedlot.
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ABSTRACT: An experiment was conducted to evaluate
the influence of lactation on diet quality, botanical
composition, relative preference, and foraging efficiency of
beef cattle grazing at different ocking dengities in a bunch
grass prairie. A randomized block design was used, with
four (160 ha) blocks divided into four (40 ha) pastures.
Four grazing treatments (stocking densities) were randomly
assigned to each of the four pastures within each block; 1)
control, no cattle grazing, 2) low, 0.36 animal units
(AU)/ha; 3) mod, 0.72 AU/ha, and 4) high, 1.08 AU/ha for
a 42 day grazing period. The research was conducted from
late May through early July of 2007 and 2008. Cattle diet
composition and masticate samples were collected during
20 minute grazing bouts using sx ruminally cannulated
cows (3 lactating cows and 3 non-lactating cows) in each
experimental unit. Lactation status did not affect the
percent CP or ADF in the diet averaging 10.4% and 40.6%,
respectively. Lactating cow diets had lower NDF values
compared to non-lactating cows (P < 0.05); however, the
magnitude of difference may not have been biologically
meaningful  (61.5% vs. 62.9% NDF, respectively).
Lactating cows consumed a higher percentage of ldaho
fescue (33% vs. 26%, respectively; P < 0.05) and tended to
consume less bluebunch wheatgrass (16% vs. 22%,
respectively; P= 0.08) than non-lactating cows; however, no
other differences in diet composition were noted for other
grass/forb species. There were no differences (P < 0.10) in
relative preference or foraging efficiency between lactating
and non-lactating cows across the four stocking densities.
In summary, our data suggests that in a bunch grass prairie
foraging efficiency and relative preference are not affected
by lactation status, and lactation hasa minimal effect on the
composition and quality of diet.

Key Words. Beef cattle, Grazing behavior, Lactation
Introduction

In order to correctly draw inferences from
scientific studiesit isimportant to understand the key biotic
and abiotic factors associated with the particular study. For
example a study looking at fall grazing behavior of steersin
the Southwestern US may or may not help a rancher in the
Midwest understand the spring grazing behavior of his
pregnant cows. In grazing animal nutrition research, steers
and dry cows are often used to collect dietary information
due to their ease of handling. Data collected from these
studies and implications made are often applied to the
management of cattle as a whole (Grings et a. 2001).

Hodgson and Jamieson (1981) noted that animals differing
in age or physiological state may differ in respect of the
digestibility of the diet selected. Grings and co-workers
(2001) concluded that animals used to obtain diet samples
on rangelands with diverse botanical composition should be
of similar class as the animals being monitored for
performance. Vanzant and co-workers (1991) conducted an
experiment to determine the effects of pregnancy and early
lactation on the intake, digestibility, rumina fill and
capacity, digesta dynamics, ruminal fermentation, and
grazing behavior of spring-calving heifers grazing native
tallgrass prairie. The authors noted physiological state had
only minor effects on ruminal fermentation patterns and
diet sdection and no effects on digestibility, fluid dilution,
distance travelled and grazing patterns throughout the day.
None of the researchers above evaluated the impact of
lactation on botanical composition of diet or foraging
efficiency and limited information is available to compare
diet quality of lactating cows versus non-lactating cows.
Therefore, the objective of this study was to evaluate the
influence of lactation on diet quality, botanical composition
of diet, relative preference, and foraging efficiency of beef
cattle grazing at different stocking densities in a bunch
grass prairie.

Materialsand Methods

Sudy Area. The study was conducted at the
Zumwalt Prairie Preserve located 20 miles north of
Enterprise, Oregon. The eevation of the study area ranges
between 1340m and 1460m. Average annual precipitation
(30 year average) is approximately 330 mm (Damiran et al.
2007). Total mean annual production for vegetation across
the study arearanges from 1262 to 1928 kg/ha (Darambazar
et a. 2007). The vegetation is dominated by native
bunchgrasses that include Idaho fescue (Festuca
idahoensis), prairie Junegrass (Koeleria macrantha), and
bluebunch wheatgrass (Pseudoroegneria spicata), with
western yarrow (Achillea millefolium), silky lupine
(Lupinus sericeus), tal annua willowherb (Epilobium
brachycarpum) and twin arnica (Arnica sororia) being the
most prevalent forbs (Darambazar et d. 2007). Shrubs such
as dwarf (Rosa gymnocarpa) and Nootka roses (Rosa
nutkana) and common snowberry (Symphoricarpos albus)
occur on the study site; however shrubs are a very small
component in the vegetative fauna. The study area has
been grazed for over 100 yr and has been used as
spring/summer pasture for cattle for the past 50 years
(Damiran et al. 2007).
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Experimental Desgn. A randomized complete
block design was used, with four (160 ha) blocks divided
into four (40 ha) pastures. Four grazing treatments
(stocking densities) were randomly assigned to each of the
four pastures within each block; 1) control, no cattle
grazing; 2) low, 2 heifers and 8 pair/40ha or 0.36 animal
units (AU)/ha; 3) mod, 4 heifers and 16 pair/40ha or 0.72
AU/ha; and 4) high, 6 heifers and 24 pair/40ha or 1.08
AU/hafor a 42 day grazing period. The moderate stocking
rate was based on traditional use common for this
bunchgrass range region with low and high stocking
densities reflecting 50% and 150% of the traditional
stocking dendties, respectively. Lactating cows used for
sampling were between 110 and 150 days postpartum.

Diet Composition. Data were collected on
standing crop (production by species) from late June to late
July of 2006. Within each pasture 36 gridded sampling
points (0.5 x 1 m, 0.5 m?) were used to determine standing
crop. All vegetation within the rectangular frame was
clipped at ground level. Clipped samples were separated
into live and dead materials, the latter was discarded. Live
material (standing crop) was further separated by species,
oven dried at 60°C, and weighed. Total standing crop of
each pasture was determined by summing the aboveground
biomass of all species removed from each plot within the
pasture. This information was used to determine relative
preference of species consumed by cattle in each treatment.
Cattle dietary composition information was collected in
early July from six cows (3 lactating cows and 3 non-
lactating cows) in each experimental unit (40 ha pasture)
using bite-count methodology similar to that described by
Wickstrom et a. (1984) and Canon et al. (1987).
Callections occurred in each unit after the grazing treatment
was applied. Diet composition data were collected from
six, (6 animals and 1 bouts/animal) 20 minute grazing trias.
Each observer was assigned a cow at random for each
grazing bout. Animals were accustomed to observers in
close proximity and observers had prior training in plant
identification. Observers used a small hand-held tape
recorder to record the number of bites of each plant species
consumed (Findholt et al. 2004). Relative preference was
calculated for grasses and forbs by dividing percent bites
consumed by percent of standing crop in the pasture.

Diet Quality. Cattle diet quality information was
collected in early July from six ruminaly cannulated cows
(3 lactating cows and 3 non-lactating cows) in each
experimental unit (40 ha pasture). Coallections occurred in
each unit after the grazing treatment was applied. Each
cow's rumina contents were evacuated and the ruminal
wall washed with a sponge to remove remaining digesta
and rumina fluid. Cows were allowed to graze for 20
minutes and diet samples were obtained via the ruminal
cannula. One rumen evacuation per cow was performed in
each experimental unit. Ruminal samples were dried in a
forced-air oven (55°C; 96 h) and ground to pass a 1-mm
screen in a Wiley mill.  Rumen samples were analyzed in
duplicate for nitrogen (Leco CN-2000; Leco Corporation,
St. Joseph, MI), NDF and ADF (Ankom 200 Fiber
Analyzer, Ankom Co., Fairport, NY).

Foraging Efficiency. Masticate samples were
collected after each 20 minute bout. Samples were dried in

aforced air oven at 50°C. The dried weight was divided by
20 to determine grams consumed per minute. Grams per
bite were calculated by dividing the total dried weight by
the total number of bites. Bites per minute were calculated
by dividing the total number of bites per grazing bout by
20.

Satistical Analysis. Data were analyzed using
GLM procedures of SAS (2002) using a 2X4 factorial
arrangement of treatments evaluating lactation and grazing
density. Predetermined contragt statements (Steel et. al
1997) were used to determine treatment differences (P <
0.05). Contrast statements were 1) non-lactating vs.
lactating, 2) linear, 3) quadratic, 4) cubic, 5) linear
interaction, 6) quadratic interaction and 7) cubic interaction
for both diet composition and quality variables.

Results and Discussion

Diet Compostion and Quality. Cattle have been
shown to be very sdlective grazers (Beck 1975; Cruz and
Ganskopp 1998). Diet sdection and quality of the forage
consumed are affected by the chemical composition and the
physical characteristics of the forage (Kothmann 1992), as
well as the species composition and amount of available
forage present at the site (Walburger et al. 2007). The
inherent heterogeneous vegetative composition of bunch
grass ecosystems allows grazing animal s the opportunity to
select from a variety of plant species within a pasture. In
our study, grasses made up the greatest proportion of cattle
diets (92% lactating, 93% non-lactating; Table 1), which
agrees with other regional sudies by Miller and Krueger
(1976) and Walburger et al. (2007). Forb consumption was
similar (P=0.67; 7.5% in diet) across all treatments.

Since different plant species can vary significantly
in nutritive quality (Provenza et al. 2007), stocking rate
may also have an effect on diet quality and composition due
to influences on the availability and structure of the
vegetation present (Guevara et al. 1996). |In addition, a
study looking at differences in cattle diet composition due
to age and sex, Grings et al. (2001) concluded that animals
used to obtain diet samples on rangelands with diverse
botanical composition should be of similar class as the
animals being monitored for performance. In our study
lactating cows consumed a higher percentage of ldaho
fescue (33% vs. 26%, respectively; P < 0.05) and tended to
consume less bluebunch wheatgrass (16% vs. 22%,
respectively; P = 0.08) than non-lactating cows; however,
no other differences in diet composition were noted for
other grass/forb species.

Grasses were preferred to forbs across all
treatments as determined using a relative preference index
(RPI; Table 2). Relative preference values indicate a strong
preference for grasses regardless of treatment and lactation
status, while forbs were never preferred as aforage classin
any treatment. There were no differences (P > 0.10) in
relative preference between lactating and non-lactating
cows across the four stocking dendties.  With no
differences found in RPI values, we suggest that dry cows
could be used to modd lactating cows in similar diet
selection and preference studies.
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Physiological state has also been hypothesized to
effect digedtibility of the diet sdected (Hodgson and
Jamieson 1981). However, in a study conducted by
Vanzant e al. (1991) looking a various effects of
pregnancy and early lactation, the authors reported
physiological state had no effects on digestibility. In our
study, lactating cow diets had lower NDF values compared
to non-lactating cows (Table 3; P < 0.05); however, the
magnitude of difference may not have been biologically
meaningful (61.5% vs. 62.9% NDF, respectively).
Lactation status did not affect the percent CP or ADF in the
diet averaging 10.4% and 40.6%, respectively. With only a
dlight difference observed in NDF values, biologically, dry
cow’ s diets accurately represented lactating cow diets.

Foraging Efficiency. Foraging is the dominant
activity of free-ranging ungulates (Wickstrom et al. 1984),
with forage efficiency being directly related to animal
performance.  However, foraging efficiency is often
overlooked as a component in animal nutrition research.
Krysd and Hess (1993) concluded that monitoring daily
grazing behavior without measuring forage intake will not
provide the meaningful insight needed to understand the
complex interrelationships that exist in the grazing
ruminant. Measures of foraging efficiency are much more
prevaent in wildlife research as opposed to domestic
livestock research. Cook and co-workers (2004) found
higher rates of dry matter, digestible energy, and crude
protein intake in lactating cow elk than non-lactating cows
being fed a high nutrition ration. The difference in intake
would suggest that lactating animals would need to be used
in order to obtain accurate intake and foraging efficiency
measurements for cow-calf pairs. In our study, foraging
efficiency of cattle decreased with increased stocking rates
for both lactating and non-lactating cattle (Table 3),
however, there were no differences in foraging efficiency
between lactating and non-lactating across all treatments,
suggesting that dry cows may be used to model foraging
efficiency of lactating cows.

Implications

We interpret our data to suggest that in grazing
animal nutrition/management research, lactation status has
no meaningful effects on diet quality, botanica composition
of diet, relative preference, and foraging efficiency.
Therefore, dry cows can be used in place of lactating cows
as a modd for diet quality and foraging efficiency for
grazing nutrition research. Likewise, dry cows can aso be
used to model for lactating cows in terms of botanical
composition of diet/relative preference and, as a result, be
used to model the ecological impact of cattle on rangeland
plant communities.

Literature Cited

Beck, R.F. 1975. Steer dietsin southeastern Colorado.
Range Manage. 28:48-51.

Canon, SK., P.J. Urness, and N.V. DeBule. 1987. Foraging
behavior and dietary nutrition of elk in burned
aspen forest. J. Range Manage. 40:433-438.

Cook, J.G., B.K. Johnson, R.C. Cook, R.A. Riggs, T.
Delcurto, L.D. Bryant and L.L. Irwin. 2004.
Effects of summer-autumn nutrition and
parturition date on reproduction and survival of
elk. Wildlife monographs. 155:1-61.

Cruz, R. and D. Ganskopp. 1998. Seasonal preferences of
steers for prominent northern Gresat Basin grasses.
J. Range Manage. 51:557-565.

Damiran, D., T. DelCurto, E. Darambazar, P. L. Kennedy,
R. V. Taylor, and A. A. Clark. 2007. Northwestern
bunchgrass prairie monitoring sites databases.
Circular of information No. 5, Union, Oregon,
USA: Eastern Oregon Agricultural Research
Center, Oregon State University. ©EOARC, 2007.

Damiran, D., T. DCurto, E. Darambazar , A. A. Clark, P.
L. Kenmnedy, and R. V. Taylor. 2007. Visual
obstruction: weight technique for estimating
production on northwestern bunchgrass prairie
rangelands. In: Proc. West. Sec. Am. Soc. Anim.
Sci. 58:225-228, June 20-22, 2007, University of
Idaho, Moscow, Idaho.

Darambazar , E., T. DelCurto, D. Damiran, A. A. Clark,
and R. V. Taylor. 2007. Species composition and
diversity on northwestern bunchgrass prairie
rangelands. In: Proc. West. Sec. Am. Soc. Anim.
Sci. 58:233-236, June 20-22, 2007, University of
Idaho, Maoscow, Idaho.

Findolt, S. L., D. Damiran, B. K. Johnson, T. DelCurto, and
J. G. Kie. 2004. Diet overlap among ek, mule
deer, and cattle. March 20, 2004. Transactions of
the North American Wildlife and Natura
Resources Conference 69.

Grings, E.E., REE. Short, M.R. Haferkamp, and R.K.
Heitschmidt. 2001. Animal age and sex effects on
diets of grazing cattle. J. Range Manage. 54.77-81

Guevara, J.C,, C. R. Stas and O. R. Estevez. 1996.
Seasonal specific selectivity by cattle on rangeland
in the Monte Desert of Mendoza, Argentina.
Journal of arid environments. 34:125-132.

Hodgson. J. and W. S. Jamieson. 1981. Variaionsin
herbage mass and digestibility, and the grazing
behavior and herbage intake of adult cattle and
weaned calves. Grass and Forage Science 36:39-
48,

Kothmann, M.M. (1992). Nutrition for livestock grazing
rangelands and pasturelands. In: Howard, JL.
Ed.), Current Veterinary Therapy 3: Food Animal
Practice, pp. 285-293.

Kryd L.J. and B.W. Hess. 1993. Influence of
supplementation on behavior of grazing cattle. J.
Anim Sci. 71: 2546-2555.

Miller, R.F., and W.C. Krueger. 1976. Cattle use on
summer foothill rangelands in northeastern
Oregon. J. Range Manage. 29:367-371.

Provenza, F. D., J.J. Villalba, J. Haskell, JW. MacAdam,
T.C. Griggs, and R.D. Wiedmeier, 2007. The
Vaue to Herbivores of Plant Physica and
Chemical Diversity in Time and Space. Crop
Science 47: 382-398.

102



Steel, R.G.D., JH. Torrie, and D.A. Dickey. 1997. Walburger, K.J., T. DelCurto, and M. Vavra. 2007.

Principles and Procedures of Statistics 3ed. New Influence of forest management and previous

York : McGraw-Hill. herbivory on cattle diets. Rangeland Ecology &
Vanzant, E. S., R. C. Cochran and D. E. Johnson. 1991. Manage. 60:172-178.

Pregnancy and lactation in beef heifers grazing Wickstrom, M.L., C.T. Robbins, T.A. Hanley, D.E.

tallgrass prairie in the winter: influence on intake, Spalinger, and S.M. Parish. 1984. Food intakes

forage utilization, and grazing behavior J Anim Sci and foraging energetic of ek and mule deer. J

69:3027-3038. Wildl. Manage. 48:1285-1301.

Table 1 Percent diet composition by forage class and dominant grasses and forbs consumed by non-lactating and lactating
cattle grazing at 0%, low, moderate, and high stocking densities on the Zumwalt Prairie in northeast Oregon (Data averaged
over 2007 and 2008).

Non-lactating Lactating

0% Low Mod  High 0% Low Mod High SE?
% Grass 95.1 95.3 945 871 930 926 831 938 3.50
Californiabrome 11.8 7.1 9.5 2.7 12.3 38 101 2.6 3.63
Bluebunch wheatgrass' 243 295 16.7 17.6 200 181 127 131 4.70
Prairie Junegrass 2.6 1.3 0.6 0.4 2.2 1.9 0.4 0.4 0.62
Intermediate wheatgrass 8.0 0.2 0.2 0.0 10.3 1.6 0.7 0.0 3.82
|daho fescue' 8.7 256 410 277 9.6 31.8 404 553 5.72
Sedge spp. 1.1 0.9 25 3.2 1.3 3.2 2.7 0.4 1.30
California catgrass 2.0 0.1 15 0.0 3.0 1.9 0.0 15 1.26
Timothy 1.6 0.4 2.6 4.9 23 2.4 2.7 2.1 1.56
Kentucky bluegrass 186 243 155 231 21.2 203 164 7.7 4.80
Sandberg bluegrass 15 15 1.0 33 0.7 1.2 0.6 2.7 0.90
Onespike oatgrass 3.9 0.6 0.9 1.0 2.4 0.2 0.2 0.6 1.43
% Forb 4.8 47 5.4 12.9 6.9 72 119 6.2 3.52

T Main effect (p<.05),
2Standard Error (Pooled) (n = 4).

Table 2 Relative preference index by forage class and dominant grasses and forbs consumed by non-lactating and lactating
cattle grazing at 0%, low, moderate, and high stocking densities on the Zumwalt Prairie in northeast Oregon (Data averaged
over 2007 and 2008).

Non-lactating Lactating
0% Low Mod High 0% Low Mod High SE!
% Grass 18 16 16 17 18 15 15 19 0.13
Californiabrome 6.6 18.6 25 4.7 7.1 5.1 31 35 4.30
Bluebunch wheatgrass 18 17 17 15 15 1.0 13 14 0.45
Prairie Junegrass 0.6 0.3 0.1 0.1 0.5 1.7 3.9 35 0.75
Idaho fescue 0.4 14 3.8 17 0.5 17 3.9 35 0.75
Annual hairgrass 11.2 0.1 0.0 0.3 0.0 0.1 0.1 0.3 4.02
California oatgrass 13.9 0.6 19 0.0 10.2 14.2 0.0 114 4.02
Timothy 6.2 0.4 0.8 4.2 2.8 21 0.8 2.8 2.63
Kentucky bluegrass 4.0 3.9 1.7 3.3 45 34 18 11 1.02
Sandberg bluegrass 20 16 15 5.7 14 13 0.9 6.4 1.37
Onespike oatgrass 1488 1.0 21 3.4 103.2 3.4 85 19 62.38
Intermediate wheatgrass 345 109 0.1 0.0 231 60.1 1.0 0.0 20.15
% Forb 0.1 0.1 0.1 0.2 0.2 0.2 0.3 0.1 0.08
Hoary Balsamroot 0.9 0.5 0.0 0.3 16 0.4 0.2 0.1 0.30
Western yarrow 0.1 0.3 0.0 0.1 0.0 0.1 0.1 0.1 0.08
Canadian milkvetch 0.0 14 0.3 0.4 0.1 0.9 0.7 2.3 0.85
Hawkweed spp. 2.2 0.7 0.3 0.5 3.8 0.1 0.0 2.3 1.33

'Standard Error (Pooled) (n = 4).
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Table 3 Percent crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF) of masticate samples and bites
per minute (BPM), grams per minute (GPM), and grams per bite (GPB) of from non-lactating and lactating cattle grazing at
0%, low, moderate, and high socking densities on the Zumwalt Prairie in northeast Oregon (Data averaged over 2007 and
2008).

Non-lactating Lactating
0% Low Mod  High 0% Low Mod  High SE?
Diet quality

CP 10.3 10.3 110 10.9 105 10.1 10.2 10.0 0.5

NDF' 626 63.6 63.1 62.2 62.1 61.0 61.4 61.5 0.9

ADF 404 40.6 41.0 40.0 40.3 41.1 41.3 40.1 0.7

Foraging efficiency

BPM 26.0 13.3 11.0 12.7 26.7 14.2 12.7 13.0 18

GPM 30.9 133 105 10.8 31.3 16.0 11.7 12.6 25

GPB 12 1.6 11 1.0 12 17 11 1.2 0.2

T Main effect (p<.05),
2Standard Error (Pooled) (n = 4).
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COMPARISON OF FEEDING WET DISTILLERS GRAINSIN A BUNK OR ON THE GROUND TO CATTLE
GRAZING NATIVE SANDHILLSWINTER RANGE

J. A. Musgrave, L. A. Stalker, M.C. Stockton and T. J. Klopfenstein

University of Nebraska, Lincoln, NE

ABSTRACT: Two-experiments determined the effects of
feeding wet digtillers grains with solubles (WDGS) either
on the ground or in a bunk to cattle grazing native Sandhills
winter range. In Experiment 1 (Exp. 1), 120 multiparous
March-calving cows (536 + 53.5 kg BW) were dratified by
age and assigned to one of four treatments: WDGS fed on
the ground, either three or six d/wk; or WDGS fed in a
bunk either three or six d/wk. In Experiment 2 (Exp. 2), 63
March-born steer caves (201.2 + 27.5 kg BW) were
dtratified by weight and assigned to one of two feeding
treatments. WDGS fed in a bunk or on the ground. Both
experiments were conducted at the University of Nebraska
Gudmundsen Sandhills Laboratory. Exp. 1 was conducted
for 90 d from Dec 1, 2007 to Mar 1, 2008, while Exp. 2 ran
for 60 d from mid-Oct to mid-Dec 2008. Cows in Exp. 1
were supplemented with the daily equivalent of 0.45
kg/cow (DMB) and supplement was delivered three or six
d/wk. Steersin Exp. 2 were supplemented with the daily
equivalent of 1.02 kg/seer (DMB) and supplement was
delivered 5 diwk. In Exp. 1, frequency had no effect on
cow BW (P = 0.55) or BCS (P = 0.27). Body condition
score of cows fed in a bunk increased, while that of cows
fed on the ground did not change (0.4 vs. 0.0; P = 0.01).
Cows fed in a bunk lost less BW than cows fed on the
ground (9.1vs. 29.0kg; P =0.07). In Exp. 2, steersfedina
bunk had higher ADG than steers fed on the ground (0.29
vs. 0.20; P = 0.04). A retrospective analysis using the NRC
(1996) showed a 0.14 kg/d reduction in WDGS intake
would have resulted in the 0.09 kg reduction in ADG. This
is the equivalent of 13% waste. Calf sale value would have
to be less than $0.81/0.45 kg to justify not feeding in a bunk
based on cost of feeding in a bunk being about $0.16/d.
Frequency of delivery of WDGS did not affect animal
performance. An advantage in animal performance to
feeding WDGS in a bunk versus on the ground was seen in
the current studies.

KEY WORDS: Wet Didillers Grains with Solubles,
feeding frequency, bunk, WDGS

Introduction

The growth of the ethanol industry in Nebraska and
surrounding states has increased the availability of digtillers
co-products for livestock feed. Distillers grains plus
solublesishigh in protein, energy and phosphorous, making
it an excelent supplement in many grazing sSituations
(Gustad, 2006). In a summary of 14 grazing trials, Griffin
et al. (2009) reported supplementation of dried digtillers

grains with solubles (DDGS) increased final BW and ADG
quadratically. In addition, DDGS supplementation
decreased forage intake quadratically, however total intake
for supplemented cattle increased quadraticaly with
increased DDGS levels (Griffin et al., 2009).

Wet digtillers grains with solubles (WDGS) have not been
widely used in grazing applications. Thisisdue, in part, to
potential inefficiencies in delivery of WDGS to grazing
cattle. Feeding WDGS on the ground may result in higher
waste levels when compared to feeding it in a bunk, but
may increase its use in practica grazing Situations and
increase profitability compared to bunk feeding. Therefore,
the objective of this study was to compare feeding WDGS
in abunk or on the ground to grazing cattle.

Materialsand Methods

Both experiments were conducted at the University of
Nebraska Gudmundsen Sandhills Laboratory (GSL) near
Whitman, NE according to protocol approved by the
University of Nebraska-Lincoln Institutional Anima Care
and Use Committee. Cattle grazed native upland Sandhills
winter range dominated by little bluestem [Schizachyrium
scoparium  (Michx.)], prairie sandreed [Calamovilfa
longifolia (Hook.) Scribn.], sand bluestem (Andropogon
gerardii var. paucipilu Hack.), switchgrass (Panicum
virgatum L.), sand lovegrass [Eragrogtis trichodes (Nultt.)
Wood], indiangrass [Sorghastrum nutrans (L.) Nash] and
blue grama [Bouteloua gracilis (H.B.K.) Lag. Ex Griffithg]
(Lardy et al., 1999).

For both experiments, wet distillers grains were obtained
from an ethanol production facility (Standard Ethanol,
LLC; Madrid, NE) and transported about 179 km to GSL.
The distillers grains was purchased in September each year
and stored in a bunker fashioned from large round bales of
meadow hay arranged in a “U” shape and covered with
plagic until initiation of the experiment, according to
methods outlined by Erickson et al. (2008).

In Exp. 1, 120 multiparous March-calving cows (536+53.5
kg BW) were dratified by age and assigned randomly to
one of eight pastures. Pastures were then assigned randomly
to treatment. Treatments were arranged as a2 X 2 factorial
in a completely randomized design as follows: WDGS fed
on the ground, either three or six d/wk; or WDGS fed in a
bunk either three or six diwk. The experiment was
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conducted for 90 d from Dec 1, 2007 to Mar 1, 2008, Cows
were supplemented with the daily equivalent of 0.45
kg/cow (DMB) WDGS, delivered on Monday, Wednesday
and Friday to cattle in the three d/wk treatment and Monday
through Saturday to cattle in the six d/wk treatment. Cattle
continuously grazed the same pasture throughout the
experiment. Cow BW and BCS were measured upon
initigtion and completion of the 60-d feeding period.
Weights were taken on a single day and cows were not
limited fed prior to weighing.

Experiment 1 data were analyzed using MIXED procedures
(SAS Ind. Inc., Cary, NC) and the model included the
effects of feeding method, frequency of WDGS delivery
and their interaction. Pasture was used as the experimental
unit. Differences were considered significant when P-
valueswere < 0.10.

In Exp. 2, 63 March-born steer calves (201.2 + 27.5 kg
BW) were dtratified by weight and assigned to one of two
feeding treatments: WDGS fed in a bunk or on the ground.
Steers in Exp. 2 were supplemented with the daily
equivalent of 1.02 kg/seer (DMB) and supplement was
delivered five d/wk. The experiment was conducted for 62
d from October 14, 2008 to December 15, 2008. A total of
four experimental pastures were used resulting in two
observations per treatment. Steers continuoudly grazed the
same pasture throughout the experiment.  Steer BW was
recorded on two consecutive days at the initiation and
completion of the feeding period. Calves were not limit fed
prior to weighing.

Experiment 2 data were andyzed as an unstructured
treatment arrangement in a completely randomized design
using MIXED procedures (SAS Ingt. Inc., Cary, NC). The
model included the effect of feeding method. Pasture was
used as the experimental unit. Differences were considered
significant when P-values were < 0.10.

Results

In Exp. 1, there were no frequency by method interactions
(P> 0.10). Frequency had no effect on cow BW (P = 0.55)
or BCS (P = 0.27). Body condition score of cows fed in a
bunk increased, while that of cows fed on the ground did
not change (0.4 vs. 0.0; P = 0.01; Table1). Cowsfedin a
bunk lost less BW than cows fed on the ground (9.1 vs.
29.0 kg; P = 0.07; Table 1). Previous research as GSL has
demonstrated 0.14 kg/d of supplemental crude protein to be
sufficient to maintain BCS of spring-calving cows during
the winter (Hollingsworth-Jenkins et al., 1996). In this
experiment feeding WDGS in a bunk at an equivalent crude
protein level resulted in a dight increase in BCS. This may
be a result of the energy content of WDGS. While better
performance was achieved by feeding in a bunk, this
experiment demonstrated WDGS is a viable supplement for
COWS grazing winter range.

In Exp. 2, steers fed in a bunk had higher ADG than steers
fed on the ground (0.29 vs. 0.20; P = 0.04; Table 2). The
NRC (1996) was used to retrospectively calculate the
WDGS inteke difference between treatments. For steers
fed in a bunk, 0.14 kg/d reduction in WDGS intake would
have resulted in a 0.09 kg reduction in ADG. It was
therefore assumed 0.14 kg/d of the WDGS offered to steers
fed on the ground was wasted. This is the equivalent of
13% waste. Because steers in this experiment were gaining
BW at ardatively modest rate, even a dight reduction in
WDGS intake resulted in a reatively large decrease in
ADG. If the steers were being fed to achieve relatively
rapid BW increases and waste of WDGS remained constant
than the relative difference in ADG between cattle fed in a
bunk versus on the ground would be expected to be less
than what was observed in this study

An economic analysis was conducted on Exp. 2 (Table 3).
This analysis was based on the value of the average
difference in weight gained between steers fed WDGS in a
bunk or on the ground. Calf sale value would have to be
less than $0.81/0.45 kg to justify not feeding in a bunk
based on cost of feeding in a bunk being about $0.16/d. The
cost of $0.16/d was derived from the purchase of a
commercial (Werk Weld Inc., Armour, SD) feed bunk,
assuming full capacity of 40 h. Bunk cost of $973.65
included a onetime delivery charge with a three year pay
back and 60 days of use per year at an interest rate of about
9.5%. Bunk cost for individual producers will vary as will
calf value necessary to justify bunk feeding (Table 3).

In conclusion, frequency of delivery of WDGS did not
affect anima performance. An advantage in animal
performance to feeding WDGS in a bunk versus on the
ground was seen in the current studies.
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107



Proceedings, Western Section, American Society of Animal Science

Val. 60, 2009

DEVELOPMENT AND IMPLEMENTATION OF A VERTICALLY-INTEGRATED BEEF CATTLE DATA
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ABSTRACT: Breeding decisons made by cow-calf
producers may be suboptimal on a chain-wide basis if they
never receive performance data from the feedlot or harvest
sectors. However, the segmented nature of the beef industry
presents challenges to sharing data collected by each of the
supply chain members. We developed a data collection
system using commercially available computer software to
track the performance of individual animas from birth
through subsequent production phases to the final carcass
value. Both the University of California cow-calf herd and
commercial cooperator herds participated in this project.
The key to linking records from each phase was a radio
frequency identification (RFID) ear tag assigned to each
anima in the cow-caf herd. Sector-specific software
developed by Midwest MicroSystems L.L.C. including
Cow Sense® for ranch data, MARS for feedlot data, and
Beef STAR® for harvest data collection were used for the
real time transmission of fidd data to off-site “office’
computers. A small commercial processing facility
cooperated in the program and collected harvest data using
a handnheld device. After initial training focused on
transferring identification from pre- to post harvest, carcass
data were routinely obtained from all cattle processed. 1D
transfer at a small processing facility was simplified by
relatively dow chain  speeds. Data collected by
collaborators were tranamitted to a central server where
they were connected with other research data (eg. DNA
genotypes) in a Microsoft® Access database. Data
correction privileges were only extended to fidd
collaborators. Data consumers received “read only”
permission levels, thereby maintaining a single source of
data control and integrity. Benefits were 1) minimal
disruption or changes to individual sector data collection
methods and labor, 2) integration of data across sectors, 3)
data integrity and security, 4) returning performance datato
cow-calf producers to facilitate more informed selection
decisions, and 5) development of a comprehensive dataset
for research.

Key Words: beef cattle, integrated data
Introduction

Cow-calf producers rarely obtain feedlot
performance or carcass quality information on the calves
they produce. As a result there is little opportunity or
incentive for them to make genetic improvement in traits
that are of importance to the feedlot and processing sectors,
and consumers. Some producers have opted to join
integrated beef production programs whereby they receive
carcass data back from the processor, and receive premiums

for the production of carcasses that achieve certain quality
targets. Such programs provide both the information and
the market incentive for producers to include carcass
quality traits in their selection criteria. However, feedback
requires a system that can integrate records coming from
the different sectors of the beef supply chain. The
increasing use of unique individual animal radio frequency
identification (RFID) devices as a part of the National
Animal Identification System (NAIS) offers an opportunity
to introduce beneficial feedback to the supply chain.

The value of comprehensive data collection can be
further increased through the simultaneous use of DNA
markers to resolve the paternity of offspring produced in
multisire breeding pastures, thus enabling on-ranch genetic
evaluations (Dodds et a. 2005; Pollak, 2005; Van
Eenennaam et al., 2007). In New Zealand over 20% the
ram, and 30% of the deer breeding industry are now using
DNA-enabled commercial ranch sire evaluations (McEwan,
2007). ldedly, information from each sector would be
made available to breeders to use in selection decisions that
optimize production to meet consumer demand (Figure 1).

Breeder

Cow-calf producer

Feedlot \
F Processor \
/g Retail market \

Figure 1. The greatest value of a vertically-integrated data
collection system is obtained when breeding decisions are
optimized for the entire chain (Modified from McEwan,
2007).

Information flow

McEwan (2007) proposed that the widespread
adoption of DNA technologies will depend on reducing the
costs associated with sampling, DNA extraction, reporting
and integrating the data into genetic evaluations. In New
Zealand, DNA collection is being linked to eectronic tags,
allowing automation of subsequent steps and return of data
to genetic evaluation entities. If DNA information is going
to become widely adopted and used for genetic evaluation
purposes in the U.S,, it is likely that such approaches will
also need to be implemented here. Currently, different
sectors of the beef cattle industry are adopting computer
technology for their own needs, and there is little
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integration between sectors, limiting both proactive
exchange of information for management as well as post
hoc evaluation of data for decison-making purposes.
Effective traceback related to food safety or animal heath
issues is aso limited by industry fragmentation.
Development and implementation of voluntary integrated
animal identification systems that simultaneously provide
assistance in management as well as biosecurity features
would be useful. We developed a data collection system
using commercialy-available computer software and
RFIDs to track the performance of individual cattle from
birth through subsequent production phases to final carcass
data measurements.

Material and M ethods

Cow and calf herds owned by the University of
Cdifornia Anima Science department and three
commercial ranchers were involved with this project. The
UC herd consisted of about 300 breeding females that calve
in the fall (October). Steers and cull heifers were sent to
the campus feedlot about 100 km away for finishing.
Harvest-ready cattle were transported 225 km to a
commercial harvest facility for processing. Commercial
cow calf ranches were part of an integrated beef production
program with a feedlot and harvest facility about 700 km
away. Commercial ranch A consisted of a fall calving
(September) herd of about 500 breeding females and a
spring caving (January) herd of about 300. Commercial
ranch B consisted of a fall calving (October) herd of about
300, and a spring calving herd (February) of about 200.
Ranch C was spring calving (January) with about 200
breeding females. The UC herd and feedlot had a history of
computerized performance records primarily using
spreadsheets (Microsoft® Excel). The commercia herds
had no prior experience with computerized records with the
exception of ranch B, which had used a database program
(CowBoss) to alimited extent. Prior to this project, carcass
grading reports were provided on UC cattle viafax from the
harvest facility. The commercial ranches received printed
individual carcass data without individud animal
identification, and some summary carcass data statistics.

All ranches on this project used multisire breeding
pastures of 50 to 100 breeding femaes with ratios of
approximately 25 females per bull for fixed durations of 45
to 90 days, depending upon the ranch. Calving records
consisted of birth dates and dam identification, typically
recorded within 1-2 days of birth in pocket-sized cattle
record books. At hirth, calves were identified with
individual numbers and ear tags were applied. During the
course of this project these records were then transferred to
Cow Sense® herd management software (Midwest
MicroSystems, Lincoln, NE). RFID ear tags were applied
at weaning, at which time hair samples from calves from
UC and commercia ranch A for 3 calf crops were collected
for DNA-based paternity assignment (Van Eenennaam et
al., 2007; Van Eenennaam et al., 2009).

During the feedlot phase, UC calves were weighed
upon entry and a 30 day intervals. Feediot data was
collected using the Measurement and Analysis Research
System (MARS), a computer program for multiple

measures of cattle (Midwest MicroSystems). Cattle were
harvested based on visual estimates of finish and shipped in
groups of approximately 20 head for harvest and carcass
data collection by a USDA grader. Carcass data were
collected at the processor using a handheld device (PSION
Workabout Pro) similar to those used by overnight delivery
services, and Beef STAR® Processor software (Midwest
MicroSystems). Beef STAR® is designed specifically for
carcass data entry and transmission.

The caves from the three commercia
collaborators were fed in a sngle group for each ranch and
harvested in asingleday. Harvest criteria varied depending
on the needs of the processor. No individual feedlot
performance information was available on these animals.
Carcass data were collected at the large commercial
processing plant by a company grader and provided to the
collaborators in spreadsheet format. This data were then
brought into Cow Sense® using the import tool and matched
up with cow-calf sector data using RFID.

Results

Conceptually the data management system that is
in place for the UC Davis cow-calf herd is composed of
several distinct operations (Figure 2). Various sectors
(users) collect data with commercialy available software
designed for their specific needs. This data are exchanged
via remote computer servers (Figure 2; dotted lines) to a
central office computer (Figure 2; large bold arrow) that
resides in the UC Davis Anima Science department. The
users can be physically separated with the data exchange
being made via the internet through the Beef STAR®
software program. At the central location or server,
databases from the sectors are connected in a generic
Microsoft® Access database. Data flows through Beef
STAR® back to Cow Sense® herd management software to
provide the herd manager with information on calf
performance in the feedlot and at harvest. Data integration
also enables development of on-ranch EPDs for the herd
bulls on each ranch (Van Eenennaam et al. 2008, Van
Eenennaam et al. 2009).

A specific exampleillustrates data flow (Figure 3).
Calving data were collected at the cow/calf ranch in Cow
Sense®. Additional data at that sector were collected until
the calves were shipped to the next sector, the feedlot. At
this time, data were sent from Cow Sense® to the central
server alowing feedlot personnel access to data as calves
were incoming and processed. Feedlot-specific data such
as pens, rations, and in-weights associated with the RFIDs
were recorded chute-side in MARS, which is their sector-
specific software program, then transmitted to the central
server. The processor and/or USDA personnd collected
carcass data in the cooler with an eectronic ID reading
device (Psion). These data were transmitted electronically
via Beef STAR® back to the centra server where the data
were stored. The commercia ranches received carcass data
electronically in spreadsheets from the processor, and these
were downloaded into Cow Sense® linked by the animal’s
RFID.

If additional research data (e.g., ultrasound scans
or DNA genotyping results) were collected beyond that
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identified in the commercialy available software, the
information was linked via the RFID number and included
in the central Access database (Figure 2).

At cattle handling facilities where data collection
occurred, whenever it was possible, wireless connections
were established so data flowed directly into office desktop
computers rather than onto portable computers carrying
copies of the database. This networking improved data
security and integrity. Additiona database security was
provided with remote location backup of databases and read
only privileges for researchers accessng the centra
database.

Discussion

Cow and calf sector. Collection of calving data
was the most problematic for a variety of reasons. Unlike
the feedlot and harvest where large numbers of cattle were
processed at one time, calving is ongoing over several
weeks or months. Frequently, when ear tagging neonatal
calves, behaviora difficulties were encountered with their
mothers.  Cold or wet weather also often made the
collection of detailed records difficult. Dam identification
isimportant for improving production, but it can be difficult
to read or remember the identification of the mother when
working with neonatal calves. All cow/calf producers
continued to record calving data in “red books’ or their
equivalent despite the opportunity to use handheld
electronic devices (PDAS). In some cases, lists of
periparturient cows were developed from the computerized
records to facilitate accurate recording of dam
identification. The fidd forms helped prevent erors
reading dam ear tags and also provided a cross check for
dams already recorded as calved. Data entry into Cow
Sense®, the cow/calf database, was facilitated by data entry
options in Cow Sense®, including importation of interim
spreadsheet calving data.

Pre-weaning management procedures such as
vaccinations were generdly enhanced by having
computerized records. Weaning weights were obtained
with eectronic scales interfaced with Cow Sense®. RFIDs
were typically applied at weaning. RFID application and
weighing were completed in conjunction with other
standard cattle management activities.

Feedlot sector. Ownership of UC calves was
retained through the UC feedlot, and data collected at the
cow/calf ranch was accessible on receipt of the calves at the
feedlot. This facilitated assignment of dietary, production
and/or experimental groups. Physically, cow/calf data in
Cow Sense® was trangmitted via Beef STAR® to the feedlot
to be utilized real-time for incoming calves. RFIDs were
used as the linking field between cow calf and feedlot
performance. Intensve feedlot data were collected in
MARS. The most common measurement was repeated
weighing at 30-day intervals. Commercial ranch caves did
not have feedlot data collection as they were sold to the
vertically integrated feedlot/processor.

Harvest sector. Carcass data on UC cattle were
collected by a processor employee operating a handheld
electronic device using Beef STAR® software, working
with a USDA grader. RFIDs were transferred from the live
animal to the carcass during harvest, and were scanned by

the handheld devicee The USDA grader oraly
communicated to the employee, who entered the
information directly into Beef STAR®. This process was
rapidly adopted by processor personnel following a single
instructional session on how to use the handhed device and
Beef STAR® software. The integrated RFID scanner in the
device simplified reading RFIDs and data collection.

When carcass data collections were finished,
processor secretarial employees placed the handheld data
collection device in a cradle, establishing a link with their
computer. With a brief 15 minute training period, the
employee transmitted the data routinely from that device
via the Beef STAR® software program and the internet to
the central database at the Department of Animal Science.

Implications

This integrated data collection system was used to
obtain cow-calf and carcass data from three UC Davis calf
crops, and carcass data from three seasons of calves
harvested from one of the commercia ranches.
Additionaly, calves and potential sires were genotyped
using a SNP-based parentage pand. We are now using the
information in the centra database to develop on-ranch
EPDs. Now that the system is operationa, the central
database will expand with time. Eventualy we hope to
develop a comprehensive database of DNA and phenotypes
that will prove useful for the future validation of DNA-
marker tests and whole genome-based genetic predictions.
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ABSTRACT: With the objective of determine the
influence of pen-shade on feedlot performance and carcass
characteristics of bulls naturally exposed long time to high
temperature. Sixty bull-calves (BW = 216 + 8.7 kg) were
used in a 248-days length feedlot experiment. In
accordance to a randomized complete blocks design, in
groups of five the calves were assigned to be placed in pens
providing or not shade. Shade increased (P = .04) and
enhanced (P = .03) in 8.8% average daily gain and 6.14%
feed/gain ratio in relationship with unshaded cattle. Dry
matter intake was not affected by shade (P = .50). The
absence of shade in pen decreased (P = .04) in 5% and 7%
respectively retained NEm and NEg of the diet, compared
with bulls placed in shaded pens. The usage efficiency of
dietary-NEm (Observed/expected NEm) was 4.5% higher
(P = .04) in shade protected cattle. Hot weather conditions
increased 12% NEm expenditures in cattle located in shade
deprived-pens, while the energy cost for bulls sited in
shaded pens was 8%. Shade increased (P < .01) 6.7%
carcass weight and enhanced (P = .02) 1.15% hot carcass
dressing. KPH-fat and Back thickness fat were higher (P =
.05) in carcass from anima placed under shade. Marbling
and Rib eye area were not affected (P > .40) by treatments.
Blood cortisol measured at death time was 55% higher (P <
.01) in bullsthat were deprived of shade al ong experiment.
It is concluded that despite of shade for itsdlf is hot enough
to aleviate all detrimental effects of heat stress, helps cattle
to cope adverse hot weather conditions and its benefice is
reflected on feedlot performance.

Key words: Hot weather, Bulls, Feedlot-performance.

Introduction

When air temperature is increased away from its
thermoneutral zone the bovines suffer heat stress (NRC,
2000; Beatty et al., 2006), hot weather has adverse effects
on the performance livestock (Hahn, 1999), and enlarge
beef cattle requirements of energy for maintenance (Ames
et al., 1980; Morrison, 1983; NRC, 2000). Solar radiation
influence greatly heat load (Mader et al., 2006) and alter the
ability of the animal to maintain thermal balance (Brosh et
al., 1998). Furthermore, high relative humidity boosts cattle
heat stress (Blackshaw and Blackshaw, 1994). The use of
shade inside of feedlot-pens is an aternative practice to
aleviate partially the heat stress of cattle (Garret et al.,

1962; Mader et a., 1999). The benefit of shade has been
guestioned for use in temperate regions (Boren et al., 1961;
Bond and Laster, 1975; Mader et a., 1999). The
experiments conducted under srong hot weather of
southern USA, shown advantage of use of shade on feedlot
performance; however length of feedlot period has been not
long with duration of 54, 84 and 131 days for experiments
of Ittner and Kely (1951), Garrett et a. (1960) and
Mitlohener et al. (2001), respectively. Based in results of
three experiments, conducted in Nebraska during 76 to 81
days Mader et d. (1999), concludes that once cattle are
acclimated or hot condition subside, compensation by
unshaded cattle offsets much of the initial benefits of
providing shade. There is little information about gain of
shade for cattle naturally exposed for long time to hot
environment on feedlot performance. The state of Sinaloa,
localized at Northwest of Mexico in a dry tropical weather,
is the most important region dedicate to feedlot industry in
Mexico. In this area, historically mean temperature
oscillates between 24 to 30°C from April to November
(INEGI, 2009), so that the knowledge of potential utility of
shade for cattle exposed long time to hot weather becomes
important for feedlot industry in thisregion.

This research was conducted with the objective of
determine the influence of shade in pen on feedlot
performance and carcass characteristics of bulls naturally
exposed long time to high temperature.

Material and M ethods
Location

The experiment was conducted during 248 days from
March to November, 2008 at Experimental Station for Beef
Cattlein Dry Tropic Weather of the Universidad Autonoma
de Sinadoa. The research facilities are located at Feedlot
Yard Ganadera Los Migudes, S.A. de C.V. in Culiacan,
Sinaloa situated in Northwest Mexico (24° 51' N. and 107°
26" W. ; 57 m o.m.s.l.; mean temperature 25 °C, and 645
mm annual rainfall).

Animals Management

Animals used in the experiment were managed
according to the recommended guidelines in Guide for the
Care and Use of Agricultural Animals in Agricultural
Research and Teaching (1988).
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Sixty bull-calves (BW = 216 + 8.7 kg) proximately 50%
Bosindicus with remainder of Simmental, Angus Charolais,
and Brown Swiss in undeterminate proportion were used.
Calves were weighed identified with a numbered ear tag,
implanted (Component TES with Tylan®;ELANCO Co.),
vaccinated to prevent infections by Manheimia sp. (One
Shoot®; Pfizer Ltd.), Clostridium and Haemophilus somnus
(Ultrabac-Somnobact®; Pfizer ), dewormed
(Albendaphorte®; Lab. Salud y Bienestar ), and injected
with vitamins A, D and E (ADEphorte®; Lab. Salud y
Bienestar ). Groups of five calves were randomly placed in
12 pens (6 x 12 m), each of them fitted with a 2.4 m feed
bunk and 0.6 m waterer. Animals had ad libitum access to
feed and water.

Treatments

In accordance to a randomized complete blocks design
described by Hicks (1973), in groups of five the calves
were assigned to be placed in pens providing or not shade.
Pens (6 x 12 m) were ground floor each of them fitted with
a 2.4 m feed bunk and 0.6 m waterer. Shade (Six pens) was
provided with five metallic-layers (0.9 x 4 m) fitted 3.6 m
over ground, provided pen space and shade area by head
were 14.4 m* and 3.6 m? respectively. Pen in not shade
treatments had the same dimensions, but without ceiling.

Experimental procedure

Diet composition is presented in Table 1. Cattle had ad
libitum access to the diets that were offered once daily
(1600 h), had ad libitum access to clean water. Feed intake
was measured as feed offered minus weekly refusals. Feed
samples (4 kg) were collected weekly directly from mixer
wagon, oven dried (105 °C for 24 h), and dry matter intake
calculated. Thirty three days before daughter date, all diets
were supplemented with 6 mg/kg of the beta-adrenergic
Zilpaterol  chloride (Zilmax™; Intervet), three days
previously to daughter, zilpaterol was take out of the diet.
Animals were weighed on days 1, 28 and at the end of the
experiment.

Carcass Measurements

Upon complete the feedlot experiment time, the bulls
were sacrificed in a Federa Inspection Type daughter
house. Hot carcass weights were recorded, and after 24
hours chilling period in a cold room (2 °C), left carcass side
longissimus muscle was cross sectioned between the 12"
and 13" rib, back fat (cm) and longissmus muscle area
(LMA) was measured by direct grid reading, marbling
score and percentage of KPH-fat was visually estimated
(USDA, 1996). Meat pH was measured in pectoralis
profundus muscle using a pH-meter fitted with a
penetration electrode (HI8314 membrane pH-meter; Hanna
Instruments).

Serum determinations.

At death time, blood samples were taken using plain
glass vacuum tubes (Vacutainer 6431; Becton Dickinson,
Rutherford, NJ). Serum was obtained for cortisol,

measurements. Serum cortisol was determined by
radioimmunoassay using antibody-coated tubes (Diagnostic
Products Corp., Los Angeles, CA).

Table 1. Composition of basal diets used in feedlot
performance experiment

Ingredients Diets

Recelving Starting Growing Finishing

Corn straw 18.29 8.89 - 13.18
Corn silage 51.48 38.52 23.37 -
(few grain)
Ground corn - 22.22 44,15 57.79
Corn DDG 14.54 15.45 14.01 12.44
Soybean mesl 6.10 3.56 - -
Sugar cane 5.08 7.40 11.42 10.98
molasses
Tallow - - 1.67 2.79
Ganabuffer * 1.13 0.99 0.85 -
Ganamin Total 3.39 2.96 2.54 2.82
Total 100% 100% 100% 100%
Calculated Analyses (DM basis)
DM, % 44,29 50.02 59.12 88.64
CP, % 14.99 14.40 14.00 13.79
NEm, Mcal/kg 1.452 1.689 1.952 2.045
NEg, Mcal/kg 0.873 1.079 1.305 1.379

! Ganabuffer® (Buffer agent blend) and Ganamin Total ® (Vitamins and
mineral premix) containing 25 g of sodium-monensin from Rumensin
200 ® (Elanco), and Ganabuffer ® (Buffering agents blend), are
trademarks (T écnica Mineral Pecuaria, SA. de C.V.; Guadalgjara, Jal.,
México).

2 Calculated from tabular values (NRC, 2000).

Satistical Analysis

Performance and serum data was analyzed as a
randomized complete blocks design (Hicks, 1973),
considering each pen as the experimental unit. General
AOV/AOCV procedure of Statistix® 8 program (Analytical
Software, Talahassee, FL) was used to perform the
andyses, and P-valuefor F-test was obtained.

Results and Discussion

The influence of shade on feedlot-performance of bulls
isshown in table 2. Shade increased (P = .04) and enhanced
(P =.03) in 8.8% average daily gain and 6.14% feed/gain
ratio in relationship with unshaded cattle. This result is
agree with improvement of feedlot performance observed in
other experiments conducted under heat weather condition
(Garret et al., 1960; Mitlohener et al., 2001).

Dry matter intake was not affected by shade (P = .50).
The lack of influence of shade on food intake is in
concordance with observed in several experiments (Bond
and Lagter, 1975; Brosh et al., 1998; Mader et al., 1999).

113



The absence of shade in pen decreased (P = .04) in 5%
and 7% respectively retained NEm and NEg of the dit,
compared with bulls placed in shaded pens. The usage
efficiency of dietary-NEm (Observed/expected NEm) was
4.5% higher (P =.04) in shade protected cattle. Hot weather
conditions increases 12% NEmM expenditures in cattle
located in shade deprived-pens, while the energy cost for
bulls sited in shaded pens was 8%. This results is
interpreted that if shade reduce partially solar radiant
energy incomes of cattle and is know that solar radiation
influence greatly heat load (Mader et al., 2006), the bulls
placed in shaded pens had a lower hot load than cattle
shade-deprived, and have less adverse condition to dissipate
excessive hot load to environment. Mean air temperature in
the place that experiment was performed across March to
November was 26.2 °C and mean maxima air temperature
was 33.9 °C (CNA, 2009), showing that cattle involved in
this research was permanently under heat-sress condition,
both placed in shaded and unshaded pen bulls. The lost 8%
in usage efficiency of dietary NEm exhibited by shade
protected cattle is consequence of that, taken account that
heat stress enlarge beef cattle requirements of energy for
maintenance (Ames et al., 1980; Morrison, 1983; NRC,
2000). These results suggest that shade can help cattle to
save up to 50% of NEm expenditures, in view that
unprotected bulls expended 12% extra of NEm for
maintenance.

Effect of shade on carcass characteristics is presented in
Table 3. Shade increased (P < .01) 6.7% carcass weight and
enhanced (P = .02) 1.15% hot carcass dressing. KPH-fat
and Back thickness fat were higher (P = .05) in carcass
from animal placed under shade. Marbling and Rib eye area
were not affected (P > .40) by treatments. Blood cortisol
measured at death time was 55% higher (P < .01) in bulls
that were deprived of shade along experiment.

Implications

Results suggest that despite of shade for it sdf is not
enough to alleviate al detrimenta effects of heat stress,
helps cattle to cope adverse hot weather conditions and its
benefit isreflected on feedl ot performance.
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Table 2. Influence of shade in pen on feedl ot performance of bulls

Variable Treatments SEM ! P-value
Shade No Shade
Bull-calves, n? 29 29
Pen replicates, n 6 6
Daysintrial, n® 211 211 10.40
Initial weight, kg 216.73 215.67 8.68 .93
Ending weight, kg 494.81 471.68 5.40 .04
Average daily gain, kg/day 1.341 1.232 .03 .03
Dry matter intake, kg/day 8.841 8.319 A5 .50
Feed/gain, kg/kg 6.357 6.773 .09 .03
Dietary net energy observed, Mcal/kg
Maintenance 1.794 1.706 .02 04
Gain 1.163 1.085 .02 .04
Observed / expected net energy
Maintenance 0.92 0.88 .02 04
Gain 0.90 0.84 .02 04

! Standard error of the mean
2 Two animals died at 162™ and 223" day by heat shock
% Animals of the heavier block were sacrificed at day 165 and the lighter block was sacrificed at day 248.

Table 3. Influence of shade in pen on carcass characteristics, mesat pH, and blood concentration of cortisol a death time of

fattening bulls.

Variable Treatments SEM P-valuel
Shade No Shade

Bull-calves, n? 29 29
Hot carcass weight, kg 311.57 291.96 3.10 <.01
Carcass dressing, % 63.01 61.86 27 .02
Back fat thickness, cm 0.79 0.67 .04 .05
Kidney, pelvic and heart fat, % 2.09 1.87 .08 .05
Marbling 2 454 452 9.48 .88
Rib eye area, cm? 81.12 79.47 1.46 45
Muscle pH 6.19 6.23 .04 51
Cortisol at desth time, pg/dL 3.00 4.65 0.24 <.01

! standard error of the mean
2 Two animals died at 162™ and 223" day by heat shock
3 Code: traces = 300; slight = 400; small = 500; modest = 600, etc.
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EVALUATION OF PREPARTUM ALTERNATIVE OILSEED MEAL SUPPLEMENTATION ON
BEEF COW AND CALF PERFORMANCE

F.D. Loehr, C.L. Loehr, S.I. Paidey, T.L. Smith, and B.W. Hess
University of Wyoming, Laramie, WY

ABSTRACT: Pregnant cross-bred Angus cows (n=99,
BW 654+12 kg, BCS 5.00+0.35) were assigned to nine
pens to determine effects of three prepartum oilseed
supplementation strategies on cow performance, and on that
of their calves. Initid weight, age and BCS of cows were
similar (P=0.78) across pens, with one of three trestments
randomly assigned to each pen. Diets consisted of 11.6
kgehd™ed™ mixed hay and one of three supplementation
treatments formulated to meet energy, protein, and mineral
requirements for cows in late gestation. Supplements
consisted of ether soybean meal and cracked corn
(CONTROL), safflower and  soybean meals
(SAFFLOWER), or camelina meal (CAMELINA). After
a 57-d feeding study, cows were weighed and body
condition scored before calving. Within 24-h of calving,
calf and cow data were recorded. Postpartum cows with live
caves were managed as one group. Cow weight and
condition at branding (d 49) and weaning (d 241) were also
noted. Data were anadyzed in a completely randomized
design with pen as the experimental unit. All treatments
achieved similar (P=0.48; 22 kg, 0.38 kg/d) weight gain and
increased (P=0.86; +0.17 BCS) body condition during the
feeding study. Calving ease and birth weight were similar
(P=0.45; 1.07 score and 42 kg, respectively) across
treatments. Cows on CONTROL diet tended (P=0.08) to
have lower BCS than did animas on the SAFFLOWER
treatment, with CAMELINA intermediate (4.93, 5.05, and
5.00, respectively). Body weight and BCS of cows at 49-d
postpartum were similar (P=0.61; 673 kg, 4.64 BCS) across
treatments. Cows bred back at similar rates (P=0.23, 90%),
and death loss of calves was similar (P=0.87, 8%) across
treatments. Adjusted 205-d weaning weights (P=0.80; 273
kg) were similar across treatments. Alternative oilseed meal
supplementation prepartum yielded similar results to
traditiona corn and soybean supplementation on cow
performance and fertility and on caf weights and death
loss.

KEYWORDS: beef cattle, oilseed supplementation,
performance.

Introduction

Recently, high plains livestock producers have
faced high fud prices, high corn prices, and high overall
feed prices due to drought conditions. Corn and oilseed
meal prices have also been largely impacted by the growing
biodiesel and ethanaol industry. As corn and soybeans are
under heavy demand for human food and livestock feed
use, aternative oilseeds are being anayzed both for
potential oil production and livestock feed use. An ideal
oilseed will yield high quantity and quality oil for biodiesel

production, while also maintaining both protein and fat
content for use by livestock. Two feasible options for
oilseed production for biodiesel and feed as dryland crops
in the Western high plains are safflower and camelina.

Whole safflower (Carthamus tinctorius) seeds can
be high in linoleic or oleic unsaturated fatty acids. Linoleic
acid is considered an essentia omega-6 fatty acid, and is
therefore desirable in livestock diets. Whole safflower
seeds contain, on average, 17.5% CP, and 32% oil (Lardy,
2008). As an oilseed med, safflower is of lower nutritive
value than the industry standard of soybean meal.

Whole seed camelina (Camelina sativa) contains
approximately 38% oil and 27% crude protein on a dry
matter basis, and contains relatively high percentages of
omega-3 fatty acids (Lardy, 2008). Feeding the omega-3
fatty acids may have positive impacts on omega-3 levelsin
meat for human consumption (Maddock et al., 2006), while
also supporting the animal’s own immune functions, as
suggested by earlier supplementation studies conducted by
Lake et al. (2006) and Lammoglia et a. (1999). Camelina
is of particular interest in the high plainsregion of the U.S,,
as it has reduced input requirements, is more drought-
tolerant, and may be suitable for marginal soils (Puthum et
al., 1993). There is concern about feeding cameina to
livestock, as it contains potentially harmful glucosinolate
and tannin compounds, as well as erucic acid, all found in
low levelsin both the seeds and oilseed meal.

The objectives of this study are to eval uate feeding
supplemental camelina meal to pregnant cows, and to
determine whether dternative oilseed meals perform
similarly to traditional soybean meal in cow performance
and reproduction, calf performance and health, and calf
immune response. We hypothesize that alternative oilseed
meals and traditional soybean/corn supplements fed
prepartum to beef cows will yield similar performance in
cows and their progeny.

Materialsand Methods

Animals

All procedures for the following experiment were approved
by the University of Wyoming Anima Care and Use
Committee. Ninety-nine pregnant multiparous cross-bred
Angus cows from University herds were randomly assigned
to nine pens to determine the effects of three pre-calving
oilseed supplementation strategies on cow performance and
on caf health and performance. Pens were similar
(P=0.78) in cow body weight (654+12 kg), age (8 years,
range of 5-12 years), and body condition score (5.00+0.35).
Each pen was randomly assigned to one of three diet
treatments.
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Diets

Animals on al treatments were provided free-choice
fortified trace minera salt. Diets consisted of 11.6 kg-head
L.d* mixed grass hay and one of three supplementation
treatments (3% added fat, isocaloric, isonitrogenous)
formulated to meet energy, protein, and mineral
requirements for cows in late gestation. Supplements
consisted of soybean meal and cracked corn (CONTROL),
high linoleste safflower meal and soybean meal
(SAFFLOWER), or camelinameal (CAMELINA).

Measurements & Analysis

At the start of the study period, cows were weighed, body
condition scored, and had age verified by herd records.
After a 57 d feeding study, and just before calving, cows
were reweighed and body condition scored. Calving ease
and body condition score were noted within 24 h of calving.
Calf birth weight and vigor were also recorded within 24 h
of birth, and blood samples taken from cows and calves
were analyzed for Tz and T4 levels. Concentrations of Tg
and T, were determined using Coat-A-Count kits (DPC
Diagnostic Products Inc., Los Angeles, CA) solid-phase 1.5l
RIA. Cows with live calves were managed as a single
group. Cow weight and condition were also measured at
branding (d 49) and at weaning (d 241). Reproductive
success was calculated as percent of cows verified pregnant
by a licensed veterinarian as of d 225, after a CIDR
synchronization protocol, first-heat Al service, and use of a
clean-up bull. Adjusted 205-d weights were calculated
from weaning weights (d 241). Caf death loss was
determined as dead calves from live birth to weaning.

I mmunol ogy

Blood was drawn via venipuncture from cows (14 days
before calving) and from calves (within 24 h of birth) for
use in analysis of passive immunity transfer. Calves were
challenged with a subcutaneous inoculation of egg
ovalbumin B on d 93, with response measured on d 93, 100,
107, and 114. Response was measured using blood samples
collected by venipuncture, and by calf rectal temperature.
Immune response was measured using ELISAS.

Satigtics

Data were analyzed in a completely randomized design
using the GLM procedures of SAS (Version 9.1, SAS Inst.,
Inc., Cary, NC) with pen as the experimental unit. Least
square means are reported, with means separated by least
squares procedure when overall P<0.05. The SAS
procedures CHISQ and FREQ were used to interpret
reproductive distribution for individual cows, and death loss
by individual.

Results and Discussion

Performance data for cows and calves are reported in Table
1. All treatments achieved similar weight gain (P=0.48;
22.0 kg; 0.38 kg/d) with similar corresponding increases in
body condition (P=0.86; +0.17 BCS) during the feeding
study, confirming that the treatment diets were isocaloric
and provided adequate nutrition during late gestation.
Calving ease and birth weight were similar (P=0.45; 1.07

score and 42.3 kg, respectively) across treatments. Birth
weights were expected to be similar across treatments, as
results from other studies that suggest that late gestation
supplementation of fat does not affect birth weights of
resulting calves, as reviewed by Funston (2004). Cows fed
CONTROL diet tended (P=0.08) to have lower BCS at calf
birth than did animals on the SAFFLOWER treatment, with
CAMELINA intermediate (4.93, 5.05, and 5.00,
respectively). Triiodothyronine (T3) and thyroxine (Tg)
were measured in both the cow and the calf to assess
whether glucosinolates from camelina affected iodine
metabolism, as high glucosinolates levels could result in a
reduction of overall T, levels. The results of T; anadysisin
the cows suggested that animals fed SAFFLOWER tended
to have greater T than did those on the CONTROL diet,
with CAMELINA intermediate (P=0.06, 69.2 vs. 61.6 and
66.3 ng/dL, respectively). Levels of T, were similar
(P>0.63) across treatments for both cows and calves, as was
Ts in calves. Body weight and BCS of cows at 49 d
postpartum were similar (P=0.61; 611 kg, 4.64 BCS) across
treatments. Cows bred back at similar rates (P=0.23, 90%),
and death loss of calves was similar (P=0.87, 8%) across
treatments. The high death loss rate was partially attributed
to an isolated soil fungus, which contributed to death by
acute ruminal bloat. As expected from the similar birth
weights and single-group treatment after birth, adjusted
205-d weaning weights (P=0.80; 273 kg) were similar
across treatments.

I mmunol ogy

At the time of publication, no results are available for the
passive transfer data. Results from the immune challenge
are summarized in Figures 1 and 2. At each sampling time
(0, 1, 2, 3 wk. post inoculation), there were no differences
(P>0.45) in response between calves from dams on
different treatments. Regardless of time after inoculation,
there were no differences (P>0.27) in temperature between
calves from dams on different treatments.

Figure 1. Impact of three prepartum beef cow
supplementation strategies on immune response
(absorbance) of their calves when inoculated with egg
ovalbumin B at 93 days of age (P>0.45).
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Figure 2. Impact of three prepartum beef cow
supplementation strategies on immune response
(temperature) of their calves when inoculated with egg
ovalbumin B at 93 days of age (P>0.29).

40 -

38

36

34 -

32

Temperature (degrees C)

30 - T T T 1

Weeks After Inoculation

M Camelina O Safflower O Control

Summary and I mplications

Alternative oilseed meal supplementation yielded similar
results to traditional corn and soybean meal
supplementation on cow performance, subsequent
reproductive ability, on caf birth weights, calf weaning
weights, calf mortality, calf immune health, and on cow and
caf metabolism. This data suggests that both safflower
meal and cameina meal may be useful to Western high
plains ranchers as an energy supplement fed prepartum to
beef cows in late gestation. This data would also support
the FDA's acceptance of camelina as a Generally Regarded
as Safe feedstuff. The conclusion of this project will
include the analysis of 1gG passive transfer and the
summary of calf feedlot performance and carcass
characteristics after slaughter.
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Table 1. Impact of three oilseed supplementation
strategies on performance of cows and their calves.

Item CON? SAFF® CAM® SEYP-Value

Cows 33 33 33 - -

Pens (9 hd/pen) 3 3 3 - -

Initial BW®, kg 654 654 654  11.7 1.00
Initial BCS (1-9) 500 499 501 006 0.99

Cow Weights& BCS

End-triad BW', kg 678 679 674 118 0.95
End-trial BCS 515 519 517 0.06 0.89
ChangeinBW, kg 24.1 245 200 285 0.48
Changein BCS 015 020 0.17 006 0.86
Calving BCS 493 505" 5.00°"0.04 0.08
BrandingBW, kg 608 612 614 118 094

Branding BCS 460 465 468 0.06 0.61
At Calving
Calving Ease 106 112 1.03 0.05 045

Caf BirthWt.,, kg 421 417 430 12 074
Cow T3, ng/dL 61.6 692 663 2.27 0.06
Cow T4, ng/dL 141 149 145 0.15 0.73
Calf T, ng/dL 358 375 354 16 0.63
Calf T4, ng/dL 141 149 145 0.7 0.70

Weaning
Cdlf 205-adj., kg 271 274 274 45 0.80
% Calveslost 9.0 60 9.0 - 0.87
Cows Rebred 90 83 97 - 0.23

Control diet consisting of alfalfa/grass hay, and supplement with corn
and soybean meal, calculated to meet requirement of cowsin late
gestation.

b Safflower-based diet consisting of alfalfa/grass hay, safflower and
soybean mealsto provide for requirement of cowsin late gestation.
Camedlina diet consisting of alfalfa/grass hay, and camelina meal
supplement to provide for requirement of cowsin late gestation.

Data analyzed as a completely randomized design using GLM of SAS.
Standard error is reported.

P-values are considered significant when P < 0.05.

Initial and final welights determined by averaging two consecutive day
weights.

9" Calving BCS P = 0.08, trend is noted for means with different
superscripts.
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Abstract: Cow-calf pairs, grazing native range,
from the NDSU-Dickinson RE Center and the
SDSU-West River Ag Center (n= 159) were
used to evaluate weaning date and
backgrounding method. Treatments were: 1)
Normal Wean (Jun-Nov) - feedlot direct (NW-
FLT), 2) Early Wean (Aug) — feedlot direct
(EW-FLT), 3) Early Wean (Aug) - grazed
dryland unharvested corn (Aug-Nov) - feedlot
(EW-CN), and 4) Normal wean (Nov) - grazed
dryland unharvested corn (Nov-Dec) - feedlot
(NW-CN). Feedlot arrival date for finishing at
the UNL-Panhandle RE Center feedlot,
Scottsbluff, NE was staggered. Harvest end
point was based on ultrasound BF depth. Mean
differences were determined using the SAS
MIXED procedure. For backgrounding, EW-
CN and EW-FLT steer growth was similar and
morerapid [(Gain: (P =0.043) and ADG: (P =
0.004)] than NW-FLT and NW-CN. The EW-
CN system COG of $1.05/kg was lowest when
compared to $1.31, $3.77, and $1.37/kg for the
NW-FLT, NW-CN, and EW-FLT, respectively.
Stockpiling corn resulted in excessive crop
shrink (P = 0.013) reducing days of grazing by
70%. Backgrounding net returns/steer were
$87.50, -$33.38, $104.58, and $69.56 for the
NW-FLT, NW-CN, EW-CN and EW-FLT,
respectively. For finishing, EW-FLT steers grew
slower (P = 0.0011), consumed less DM/d (P =
0.0001), were more efficient (P = 0.008), and
COG was lower (P =0.0002). Carcass closeout
values for HCW, FD, dressing %, and YG did
not differ; however, EW-FLT steer carcasses
had smaller REA (P = 0.053), greater marbling
score (P = 0.0005), and numerically greater %
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Choice quality grade (P = 0.11). EW-FLT steers
placed directly in the feedlot at weaning were
associated with lower placement cost, more
DOF (P =0.0001), and higher feed and yardage
costs. Net return to finishing of $39.62 per head
for the EW-FLT was greater, when compared to
$3.11, -$84.06, and $0.16 for the NW-FLT,
NW-CN, and EW-CN, respectively.
Experimental results suggest that greatest beef
systems net return will be obtained when EW
steers graze dryland unharvested corn and are
sold at the end of backgrounding; however,
when held through final harvest, early weaning
and direct feedlot placement were associated
with greatest net return.

Key Words: Beef Systems, Early Weaning,
Corn Grazing

Introduction

Previous research has evaluated forage
utilization by early (August - EW) vs normal
(November - NW) weaned beef cows and the
effect of weaning date on cow and calf
performance. These studies show that weaning
calves early has a positive impact on growth and
efficiency during the backgrounding phase,
improves cow body condition score, reduces
range forage utilization, and shortens the
lifetime feeding period of steers held for retained
ownership (Landblom et al., 2006). Economic
analysis of retained ownership concluded that
early weaning improved feedlot production
efficiency by reducing daily and per carcass
revenue relative to normal weaning (Fausti et al.,
2007). And subsequently, Landblom et al.
(2008) documented that significantly altering



weaning date can have a positive impact on
business profitability in the beef cattle
enterprise. The objective of this study was to
evaluate the effect of weaning date (August vs
November) and backgrounding method on
backgrounding and finishing net returns.

Materials and Methods

Spring calving cows (Mar-Apr) originating at
the South Dakota State University Antelope
Station (ANT), Buffalo, SD, and the North
Dakota State University Dickinson Research
Extension Center (DREC), Manning, ND were
used ina 2 x 2 factorial arrangement comparing
weaning date (August vs November) and
backgrounding method (feedlot vs grazing
dryland unharvested corn). Pen or pasture
served as the experimental unit and
backgrounding, finishing, and carcass data were
analyzed using the SAS MIXED procedure. The
protocols used in this study were approved by
the North Dakota State University Animal Care
and Use Committee.

Steer calves in the EW system were weaned
on August 15 and calves in the NW system were
weaned the first week of November. At each
weaning date, steers from each research facility
were randomly assigned to either feedlot or corn
grazing backgrounding treatments. Corn
grazing steers were held in drylot and fed hay
for two weeks before being put into replicated
dryland unharvested corn fields. Early weaned
steers began grazing unharvested corn on
August 25" and the NW steers began grazing
corn on November 21, For the feedlot
treatment, EW and NW steers were shipped by
commercial truck to the University of Nebraska
Panhandl e Research Extension Center feedlot,
Scottsbluff, Nebraska where they were finished
and harvested at a commercial Abattoir. Steer
weight and backfat depth of 12.7 mm were used
to determine final harvest endpoint.
Measurement for backfat depth was conducted
30 — 45 days before final harvest using a
SonoV et ultrasound machine and 3.5 MHz
probe. Final harvest date was determined by
calculating the required number of DOF to attain
12.7 mm BF.

Systems measurements were: corn forage
nutrient change, corn forage utilization,

120

backgrounding performance type and
economics, treatment effect on animal health,
corn grazing grain equivalent value, finishing
performance and economics, and carcass
closeout values.

Steers in the systems investigation were
vaccinated before spring turnout on native
pasture and then were vaccinated 3-4 weeks
before each weaning date, and again at weaning
with modified live IBR, BVD types| and |1, Pl3,
BRSV + Mannhiema haemolytica, and an
inactivated 7-way Clostridial vaccine + H.
somunus. In addition, the calves were poured
with a parasiticide. After weaning, the calves
were observed closely for the onset of health
problems and were treated according to the
attending veterinarian’s recommendation. The
following information is being recorded: body
temperature, number of pulls, product used for
treatment and cost, percent death loss, and
system cost due to death |oss.

Results and Discussion
Systems Backgrounding - Considering the
results of Fausti et al. (2007) in the previous
study, the present investigation was conducted to
compare calf growing methods for EW and NW
calves after weaning that compared feedl ot
backgrounding with grazing unharvested
dryland corn before finishing based on a high
quality grid. Standing peak dryland corn forage
nutrient quality was determined mid-September
and tracked through to mid-January. Corn forage
CP declined from Sep to Nov (9.16 to 8.66) and
IVDMD declined from 75.2% to 57.0%.

Peak DM corn production for the EW steers
averaged 2.0 MTon/acre and peak DM corn
production for the NW group was 1.75
MTon/acre. Early weaned steers utilized an
average 1.46 MTon/acre over the 70 day grazing
period and NW steers utilized 0.37 MTon/acre.
Field loss in stockpiled corn set aside for grazing
after normal weaning was excessive averaging
0.82 MTon/acre. Compared to the EW
treatment, the largefield loss reduced available
days of grazing by 70%.

Comparative systems backgrounding
performanceis shownin Table 1. Steer weight
at EW did not differ (P=0.44), but gain among
the NW-CN steers was reduced significantly
(P=0.043) duetofield crop shrink. Average



daily gain for EW and NW steers was similar
and greater (p=0.004) than the control steers
despite significant crop shrinkage. System
backgrounding economics are shownin Table 2
where gain value, input costs, net returns, and
cost/kg of gain are summarized. The
backgrounding cost/kg of gain was $$1.31,
$3.77, $1.05, and $1.37 for the NW-FLT, NW-
CN, EW-CN, and EW-FLT, respectively. Net
return/steer among the steersin EW-CN system
was 33.5% greater than the EW-FLT system and
16.3% greater than the NW-FLT system.
Stockpiling corn for grazing after normal
weaning was not successful resulting in a net
loss/steer of -$33.38. The stocking rate for early
weaned calves that graze unharvested dryland
corn was calculated to be 0.1012 hectare/weaned
calf/month and the stocking rate for stockpiled
corn reserved for normal weaned calvesin the
study was determined to be 0.324
hectare/weaned calf/month.

The effect of alternative weaning date and
corn grazing on finishing performance is shown
in Table 3. Early weaning and corn grazing
backgrounding resulted in staggered feedlot start
weight (P = 0001), and a large variation in the
number of days on feed (P = 0.0001); however,
harvest age (P = 0.27) and 4% shrunk harvest
weight (P = .409) did not differ. For gain and
FE, EW-FLT steers gained at the slowest rate (P
=0.001), were more efficient (P = 0.008), and
feed and yardage cost/kg of gain (P = 0.0002)
were lower. By contrast, EW-CN steers that
were the most profitable at the end of corn
grazing backgrounding were less efficient (P =
0.008) and feed and yardage cost/kg of gain was
higher (P = 0.0002). The NW-CN steers that
grazed stockpiled dryland corn were the least
efficient (P = 0.008) and had the highest feed
and yardage cost/kg of gain (P = 0.0002).

Carcass closeout values for HCW (P = 0.78),
dressing percent (P = 0.51), fat depth (P =
0.243), and yield grade (P = 0.23) did not differ.
Corn grazing steers had significantly larger
ribeye area (p = 0.053). Days on feed, which
varied due to management system, directly
affected marbling score (P = <0.0001) and the
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number of carcasses that graded USDA Choice
or better (P =0.10).

The combined effect of calf placement cost,
ingredient cost, treatment cost, freight, and
interest factors affected finishing net return.
Calf placement cost had the most influence on
net return.  Closeout net returns were $3.11,
-$84.06, $0.16, and $39.62/head for the NW-
FLT, NW-CN, EW-CN, and EW-FLT,
respectively.

I mplications

Results suggest that greatest beef systems net
return will be obtained when EW steers graze
dryland unharvested corn and are sold at the end
of backgrounding; however, when held until
final harvest, early weaning and direct feedlot
placement were associated with greatest net
return.
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Table 1. Systems Backgrounding Performance

NW- Ctrl NW-Corn EW-Corn EW- SE P-Value
Pasture/ Grazing Grazing Feedlot
Feedlot
Weaning Date Nov 7 Nov 7 Aug 15 Aug 15
No. Steers 54 24 24 57
System Days 84 21 70 86
System Weaning Wt., kg® 197.9 289.8 212.3 183.7  10.02 0.44
System End Wt., kg 2722 314.3 300.3 2771 15.05 0.15
Gain, kg 74.5% 24.5° 88.0° 93.4% 0.043
ADG, kg 0.887° 1.16% 1.26% 1.09* 0.057 0.004

Weaned steerswere held in drylot for 13 days before placement in the corn fields to get over weaning.

Table 2. Alternative Beef System Unharvested Corn, Pasture, and Feedlot Economics

NW- Ctrl NW — Corn EW-Corn EW -
Pasture/ Grazing Grazing Feedlot
Feedlot
No. Steers 54 24 24 57
Gain Value "¢ $9,979 $1,413 $4,724 $10,980
Input Cost:
Pastur e (Rent @%$14.00/ac)® $5,254
Corn ($164/ac) $2,214 $2,214
Feedlot $7,302
Backgrounding Net Return $4,725 -$801 $2,510 $3,678
Backgrounding Net Return/Head $87.50 -$33.38 $104.58 $69.56
Cost/kg Gain $1.31 $3.77 $1.05 $1.37

NW Control Gain Value (8,910lb@$112/cwt)
®NW Corn Grazing Gain Value (4,334Ib@$109/cwt)

‘EW Gain Value (1,296 b@%$109/cwt)
dGain Value (9,804lb@%$112/cwt)

®Pasture Rent Calculation: 2.78 months, 2.5 AUM; = 6.95 Ac/AUM @ $14/Ac; = $97.30 x54 = $5,254.20

Table 3. Effect of Alternative Weaning Date and Corn Grazing on Steer Finishing Performance

NW- Ctrl NW —Corn EW - Corn EW —

Pasture/ Grazing Grazing Feedlot SE P-Value

Feedlot
Start Wt., kg 272.2° 339.2° 313.1° 183.6° 37.2 <0.0001
4% Shrunk End Wt., kg® 538.4 555.2 566.9 545.7 10.44 0.409
Days on Feed 192° 141.5° 165.7° 280.8° 3.44 <0.0001
Kill Age, Days 408.1 415.1 404.6 412.1 3.17 0.270
ADG, kg 1.39° 1.53° 1.53° 1.29% 0.025 0.0011
DM Fd/Head/Day, kg 9.12° 11.1¢ 10.2° 8.07° 0.23 <0.0001
DM Feed:Gain, kg 6.56° 7.26° 6.64° 6.26° 0.072 0.008
Fd & Yard Cost/Day, $ $2.096" $2.723° $2.383° $1.715*  0.053  <0.0001
Fd & Yard Cost/kg of Gain, $ $1.51° $1.78° $1.56° $1.33° 0.016 0.0002
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DETERMINING THE VIABILITY OF COMPOSTING ON-FARM FEEDSTUFFS AND ANIMAL WASTE IN
NORTHERN MONTANA

J.M. Dafoeand D.L. Boss
Montana State University, Northern Agricultural Research Center, Havre, MT 59501

ABSTRACT: The objective of this demonstration project
was to illustrate the viability of composting in northern
Montana during winter months. The compost consisted of
163.3 t of dried cattle manure and bedding material from a
permitted feedlot, 38.1 t of wheat straw, and 38.1 t of year-
old spoiled corn silage. Whesat straw and corn silage were
produced at Northern Agricultura Research Center. Two
windrows 66.8 m by 3.7 m and 76.8 m by 3.7 m of the
manure blend were constructed on a flat surface of clay
loam soil. Moisture content was analyzed to be 12.5% at
the beginning of the project. The compost was turned with
an elevating face Vermeer compost turner twice weekly,
weather permitting. A 90 cm data logger was placed into
the windrows 3 times weekly to record internal temperature
and oxygen levels. Moisture of each windrow was
measured with a hay probe 3 times weekly. After initial
readings, water was added to the windrows bringing the
moisture content to approximately 50%. Ambient
temperature readings were recorded daily at 0800 h.
Maximum and minimum mean daily ambient temperatures
during the study were 6.9°C and -31.1°C, respectively.
Windrow 1 and W2 reached a high temperature of 60.6°C 7
d after irrigation and 63.6°C 9 d after irrigation
respectively.  Mean core temperatures in W1 and W2
exceeded 40°C 120 h and 24 h after irrigation, respectively.
Core temperatures remained above 40°C for 26 din W1 and
30 d in W2. During this time, core temperatures were
continuously above 55°C for 19 d in W1 and 21 d in W2.
Even though the minimum ambient temperature reached
-31.1°C, there was no lasting negative effect. Once 40°C
was reached in W1, the compost matured at the samerate as
W2. During the coldest period of the experiment core
temperatures remained above 35°C and 47°C in W1 and
W2, respectively. It was determined that composting is a
viable option in northern Montana during the winter months
and further research is planned.

Key words: Compost, Animal Waste, Beef
Introduction

Montana has many small and medium animal
feeding operations, including those that have seasonal or
temporary confinement. Composting methods for manure
ae not vaidated in the literature for Montana
Documenting successful composting and  evaluating
markets for the finished product will provide a Montana
specific case study, with data, for other potential producers
to examine before adding this sustainable practice to their
operations. In order for Extension, the Land Grant
University and other partners to move forward with

educational programs and recommendations, this validation
needs to occur. This practice can also provide a local and
potentially lower cost input for other businesses. Compost
can serve as an excelent soil amendment and nutrient
source. This project will seek to validate composting
recommendations for manure in Montana's cold semi-arid
environment. Exporting manure nutrients in the form of
compost will provide for better nutrient balance on the
operations and enable other users such as homeowners and
gardeners, commercia nurseries and landscapers, organic
producers and others to utilize this organic based fertilizer
and soil amendment. Manure and manure based products,
such as compost, are two alternatives to traditional energy
intensive products (Bass et al., 2008).

Materials & Methods

The compost consisted of 163.3 t of dried cattle
manure and bedding material from a permitted feedlot, 38.1
t of wheat straw, and 38.1 t of year-old spoiled corn silage
to bring the carbon:nitrogen (C:N) ratio to a calculated
value of approximately 30:1. The C:N ratio was within the
recommended optimum range for US composting
guiddines (Tablel). Wheat straw and corn slage were
produced at Northern Agricultura Research Center. Two
windrows (W1 and W2) 66.8 m by 3.7 m and 76.8 m by 3.7
m of the manure blend were constructed on a flat surface of
clay loam soil. Moisture content was analyzed to be 12.5%
at the beginning of the project shortly after the compost
materials were blended and the windrows were constructed.
The compost was turned with an elevating face compost
turner (CT-670, Vermeer, Pella, 1A) twice weekly, weather
permitting. A 90 cm data logger (Windrow Manager,
Green Mountain Technologies, Bainbridge Island, WA)
was placed into the windrows 3 times weekly to record
interna temperature and oxygen levels of each windrow at
a depth of 45 and 89 cm. Moisture of each windrow was
measured with a hay probe (DHT-1, Farmex Electronics,
Streetshoro, OH) 3 times weekly. After initiad readings,
water was added to the windrows as they were being
turned, bringing the moisture content for each windrow to
approximately 50% (Trautmann et al, 1996). Water
addition took place on December 3 and 5, 2008. Ambient
temperature readings were recorded daily at 0800 h
(Nationa Oceanic and Atmospheric Administration,
National Weather Service Cooperative Observer Site: Fort
Assiniboine; Site ID: ASNMS8; Site Number: 24- 110-03:
Lat/Lon: 48.29.54, 109.47.50: Elevation: 2613 ft.).
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Results and Discussion

Maximum and minimum mean daily ambient
temperatures for the 47 d trial were 6.9C and -31.1°C,
respectively. From the beginning of the trial to when the
windrows were irrigated (d 16 and 14, respectively) no
composting or aerobic activity was occurring evidenced by
the low windrow temperatures (mean temp W1 and W2;
Figure 1) and high oxygen levels (Figure 2). Oxygen levels
in the windrows were >16% and >6% before irrigation in
W1 and W2, respectively. After irrigation aerobic bacteria
began immediately to start digesting the nitrogen and
carbon sources within the windrows.

Mean core temperatures in W1 and W2 were
>40'C 120 h and 24 h after irrigation, respectively (Table
1). Composting occurs most rapidly when temperature are
>40°C (Trautmann et a, 1996). Oxygen levels returned to
20% immediately after aerating (turning) the windrows,
however within 24 h of turning, oxygen levels were < 2%
indicating a very rapid aerobic digestion of feedstocks and
available oxygen. Windrow 1 and W2 reached a high
temperature of 60.6C 7 d after irrigation and 63.6C 9 d
after irrigation, respectively. Oxygen levels below 5%
result in anaerobic conditions within the windrows
(Trautmann et al, 1996; Figure 2), hence the requirement
for such frequent turning of the windrows in thistrial. The
wheat straw and year old corn silage in this composting
system broke down quickly and added little to the overall
bulk density. To combat the low oxygen levels in the
center of the windrows, our procedure resulted in turning
quite frequently. In future compost trias, adding different
carbon sources including whole corn stalks or wood chips
for bulking agents may promote passive aeration and
oxygen availability.

Composting systems can achieve a significant
reduction of pathogens when the compost is maintained at
minimum operating conditions of 40°C for five days, with
temperatures exceeding 55°C for at leagt four hours of this
period (Trautmann et a., 1996). Core temperatures within
this trial remained above 40°C for 26 d in W1 and 30 d in
W2 (Figure 1). Even though the minimum ambient
temperature reached -31.1°C, there was no lasting negative
effect as the compost was able to generate appropriate
temperatures after each aeration. Microbial activity was
sufficient for composting as evidenced by the independent
temperature trends of windrow temperature and ambient
temperature. During the coldest period of the experiment (d
25-33'C), ambient temperature was <-17'C for 6 d; and core
temperatures remained above 35C and 47°C in W1 and
W2, respectively. During the trial there was 4.22 cm
measurable precipitation in the form of snow, with 1.42 cm
falling on d 2. Precipitation events had no apparent effect
on temperature, oxygen, or moisture content of the
compost. Possibly because the precipitation came as snow
and the ambient temperatures did not allow it to add to the
moisture content of the windrow. Core temperatures were
continuoudly above 55C for 19 d in W1 and 21 d in W2.
For windrow composting methods, maintaining 55 C for
15d is sufficient to destroy weed seed viability (Trautmann
et al, 1996; Wilen, 1997). Once the temperature of the

windrows maintain 55°C, the environment in compost
windrows have sufficient moisture and temperature to break
dormancy of hard seeds followed by thermal kill of
seedlings (Egley, G.H., 1990). Once 40'C was reached in
W1 the compost matured at the same rate as W2 as
indicated by temperature and oxygen readings. Compost
was deemed to be mature when it conformed to US
Composting Council guidelines including: C:N ratio, pH,
organic matter, and moisture content (Alexander, 2003).

Implications

Composting can occur a any time with on farm
nitrogen and carbon sources. In this trial, in the semi-arid
region of Northern Montana, the most important factor was
to reach the appropriste moisture content (>35%) after
blending the carbon and nitrogen sources to initiate the
aerobic composting process. Perhaps | ess turning (aerating)
would be required with larger bulker carbon sources rather
than our choices of wheat straw and corn silage. It was
determined that composting is a viable option in northern
Montana during the winter months and further research is
planned.
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Table 1. Beef cattle manure with bedding and final compost sample nutrient analyses of two compost windrows (W1 and
W?2). Initial blends of compost feedstocks included 163.3 t of dried cattle manure and bedding material from a permitted
feedlot, 38.1t of wheat straw, and 38.1t of year-old spoiled corn silage to bring the carbon:nitrogen (C:N) ratioto a

calcul ated value of approximately 30:1

Nutrient

Manure and Bedding Wheat Straw Corn Silage Final Compost
Carbon, % 28.0 14.2 51.3 7.9
Nitrogen, % 2.2 04 2.7 13
Carbon:Nitrogen 131 35.51 19:1 9.1:1
pH 8.5 - 8.3
aa
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Figure 1. Mean core temperatures of two compost windrows (W1 and W2) composed of 163.3 t of dried cattle manure and
bedding material from a permitted feedlot, 38.1 t of wheat straw, and 38.1 t of year-old spoiled corn silage to bring the
carbon:nitrogen (C:N) ratio to a calculated value of approximately 30:1; and associated mean ambient temperatures near
Havre, Montana. After initial readings, water was added to the windrows as they were being aerated (turned) bringing the
moisture content for each windrow to approximately 50%. Water addition took place on December 3 and 5, 2008.
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Figure 2. Oxygen levels of two compost windrows (W1 and W2) composed of 163.3 t of dried cattle manure and bedding
material from a permitted feedlot, 38.1 t of wheat straw, and 38.1 t of year-old spoiled corn silage to bring the
carbon:nitrogen (C:N) ratio to a calculated value of approximately 30:1. After initial readings, water was added to the

windrows as they were being aerated (turned) bringing the moisture content for each windrow to approximately 50%. Water
addition took place on December 3 and 5, 2008.
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ABSTRACT: Accumulation of nitrite (NOy) in ruminant
animals due to high dietary nitrate (NO3) intake leads to
methemoglobin formation, resulting in toxicity. The effects
of elevated dietary NO3™ intake during gestation have been
established; however, the effects of high dietary NO3™ intake
on female fertility are relatively unknown. The objective of
this study was to determine the effects of subacute dietary
NO;" administered immediately prior to breeding on ewe
fertility. Purebred Suffolk ewes (n = 25) were synchronized
by CIDR and randomly allotted to one of two treatment
groups prior to breeding: 0 mg/kg BW KNO; (contral; n =
10) or 175 mg/kg BW KNO; (NOs treated; n = 15) by
drench daily for two estrus cycles (26 d). Receptivity was
confirmed using a vasectomized ram prior to treatment and
during first estrous. Upon second estrous, ewes mated with
two intact rams. Ewes were weighed weekly prior to
conception, and blood was collected daily by jugular 3 d
prior to treatment, throughout treatment (26 d), mating (5
d), after treatment until implantation (20 d), and once
monthly until parturition. Data were analyzed using GLM
and MIXED procedures in SAS assuming an alpha level of
0.05. Plasma samples were analyzed for progesterone,
NOsz, NO,, urea N, and ammonia. Corpora lutea were
counted by laparoscopy and ultrasounds were conducted on
d 70 to confirm pregnancy and count fetuses. Initial BW
did not differ (P = 0.56) between control and NO;’ treated
ewes. There was an increased (P = 0.001) number of
corpora lutea in trested ewes compared to controls;
however, the number of fetuses present did not differ (P =
0.14) between treatment groups. Progesterone, ammonia
and NO;" levels did not differ (P > 0.50) between treatment
groups. Plasma NO; (P < 0.0001) and urea N (P = 0.08)
were higher in treated ewes. Results indicate that
adminigration of subacute dietary NOs™ prior to breeding
does not affect ewe fertility.

Key words: Infertility, nitrate, reproduction, sheep
Introduction

Nitrate is converted to NO, " in the rumen and then
further reduced to NH,4. Toxicosis resultswhen NO, levels
accumulate as aresult of increased dietary NO;™.  Increased
NO, levels result in the conversion of hemoglobin to
methemoglobin, whereby the ferrous ion of hemoglobin is
transformed to the ferric form, reducing the ability of blood
to carry oxygen to the body. Subacute NOj3™ toxicity affects
early reproduction causing: infertility, conception
difficulties, embryonic loss, fetal resorption, and early

abortion when the embryo is most vulnerable (Page et al.,
1990). During 1954, over 400 abortions in cattle were
linked to grazing unmaintained fields and pastures that
contained wild plants high in NO3" in Wisconsin (Sund and
Wright, 1956). Currently, there is much speculation
regarding the mechanism and effects of subacute levels of
dietary NOs;™ on reproduction. According to Muhrer et al.
(1956), 1% of KNOjs in the diet can cause abortions or
decrease milk production in cows; however, research has
yet to reproduce the abortifacient effects of NO;™ when
adminigered from implantation to parturition. Eppson et al.
(1960) noted that a diet containing 1.5% KNO; resulted in
toxicosis, but had no harmful effect on pregnancies or
growth of lambs. In cattle, NO3™ has been shown to cross
the placental barrier and diffuse into fetal amniotic fluid (El
Bahri et a., 1997). Page et al. (1990) suggested that low
levels of NOg” administered over an 8 wk period are capable
of decreasing serum progesterone (P;) concentrations
during the luteal phase and excess dietary NO;™ suppresses
luteal production of P,. The objective of this study wasto 1)
determine the effects of subacute dietary nitrate on ewe
fertility when administered just prior to the breeding period,
and 2) analyze circulating P, levels throughout and after
treatment. We hypothesize that subacute dietary NOg
adminigered to ewes prior to breeding will decrease
fertility.

Materialsand Methods

Animal protocol.  All animal procedures were
approved by the University of Wyoming Institutional
Animal Care and Use Committee. Purebred Suffolk ewes
were randomly allotted to one of two treatment groups
based on initial weight (82.55 + 2.51 kg) prior to breeding.
Diets consisted of alfalfa hay and a corn based supplement
fed according to NRC requirements for non-pregnant ewes
(NRC, 2007). Potassium nitrate (KNO3) was mixed ina 1.5
molar solution prior to treatment. Treatment groups
consisted of either control (0 mg/kg KNO; tap water only; n
= 10) or treated (175 mg/kg KNO; mixed with tap water; n
= 15) administered by drench and adjusted for weekly BW.
An adjustment period of 3 d was given during which ewes
were drenched only with the control trestment. Ewe estrus
was synchronized by CIDR. Following removal of CIDR,
ewes began respective treatment the following day for two
estrous cycles (26 d). A vasectomized ram was used to
check receptivity at the beginning of treatment and during
first estrous. Upon second estrous ewes were removed
from treatment and randomly divided into one of two

131



contemporary groups where two intact rams per group (n =
4) were used for mating. Once a ram marked a ewe, she
was transferred to the next ram for cleanup and heat
confirmation. After the mating period (7 d), ewes were
allowed to gestate until parturition. Ewes were weighed
weekly (prior and during trestment) and blood collected
from the jugular vein daily prior to treatment (3 d), during
treatment (26 d), during mating (7 d), until implantation (21
d), and once monthly until parturition. Laparoscopies were
conducted 25 - 30 d post conception to count corpora lutea
(CLs) and ultrasounds were completed on d 70 of gestation
for pregnancy confirmation.

Plasma analyses. Blood was collected daily via
the jugular vein 3 hours after treatment into tubes
containing K* EDTA (Tyco Hedthcare Group LP,
Mansfield, MA) to prevent clotting. This time was chosen
for blood collection according to when NO,™ levels peak,
which aids in the estimation of NO3; metabolic variation
among treated ewes. All samples were immediately mixed
and put on ice for 30 min. Samples were then centrifuged
for 20 min at 1520 x G at 2° C after which plasma was
obtained and stored at -20° C. Progesterone concentrations
were analyzed using an RIA Coat-aCount kit (Diagnostic
Products Corp., Los Angeles, CA) on a Cobra Il
autogamma counter (Packard, Downers Grove, IL). All
results were compared against internal controls of non-
specific bound and standard samples. Progesterone was
measured for the 57 consecutive days of blood collection
and the monthly collections until parturition. Plasma urea
nitrogen (PUN), NO3', and NH, were analyzed during first
week of treatment (d -1 to 5) and once weekly (d 11, 18, 25,
and 32). Plasma NO, levels were anadyzed for the same
days with the exception of d 32. Plasma urea nitrogen levels
were confirmed using a QuantiChrom™ Urea Assay Kit
(DIUR-500; BioAssay Systems, Hayward, CA) and
measured on a Beckman Coulter DU 640
spectrophotometer (Beckman Coulter, Fullerton, CA). The
urea assay kit utilizes a chromogenic reagent that forms a
colored complex specifically with urea (Jung et al., 1975).
Nitrate and NO, levels in plasma samples were anayzed
using a Standard Range Lab Nitrate Test Kit (L-NTK;
NECi, Lake Linden, MI) and measured on a Beckman
Coulter DU 640 spectrophotometer (Beckman Coulter,
Fullerton, CA). In this assay, NO; was measured by the
reduction of NOg” to NO, using NO; reductase as an
electron donor, NADH (Campbell et al., 2006). Nitrite
levels in plasma were determined with the omission of the
NO; reductase and NADH reagents from the assay.
Plasma NH, levels were analyzed within 2 weeks of blood
collection due to the ingability of the compound in the
plasma. In this assay NH, reacts with a — ketoglutarate and
reduces nicotinamide adenine dinucleotide phosphate
(NADPH) to form L-glutamate and NADP, which is
catalyzed by glutamate dehydrogenase (Mondzac et al.,
1965).

Laparoscopy. Laparoscopies were performed on
al ewes on d 25 — 30 of gestation. Ewes were removed
from food and water prior to surgery (72 hr and 48 hr,
respectively). Ewes were anesthetized by intravenous
injection of Xylazine HCI (0.3 mg/kg BW,; Tranquived,

VEDCO, St. Joseph, MO) and Ketamine HCI (3 mg/kg
BW; Ketaset, Animal Health, Fort Dodge, 1A). Incision
areas on the abdomen were sheared and cleaned with
chlorhexidine gluconate (1 oz; Fisher Scientific, Hampton,
NH) for disinfection. Operative area was then sterilized
with Betadine (Fisher Scientific). Two abdomina incisions
(length of scalpel) were made, one for the scope and the
second for manipulation of ovaries.  Ovaries were
examined for presence of CLs and any abnormalities.
Following the procedure, ewes were administered an
antibacterial injection of Penicillin to guard against
infection.

Ultrasound. Fetuses were counted and pregnancy
confirmed on d 70 gestation using ultrasound.

Satigtical analyses. Change in BW, CLs, and
fetal numbers were anadyzed for effects of treatment
(control vs. treated) using the GLM procedure of SAS (SAS
Ing. Inc.,, Cary, NC). Plasma parameters, including Py,
NOs, NO,, urea N, and NH,4, were analyzed for the random
effects of treatment (control vs. treated) and treatment x
day using repeated measures in PROC MIXED, assuming
an alphalevd of 0.05.

Results

Body weights did not differ (P = 0.56; Figure 1)
between control and NO;™ treated ewes; however, control
ewes were 0.94 kg heavier than treated ewes after 6 weeks.
Plasma urea N tended to differ (P = 0.08; Figure 2) between
treatment groups. In addition, NO;™ levels were higher (P <
0.0001; Figure 3) in NOj3 treated ewes than controls during
the treatment period. Plasma NO, and NH, levels did not
differ (P > 0.50; Figure 4 and 5, respectively) between
control and NOs’ treated ewes. Circulating P4 levels aso
were not different (P = 0.57; Figure 6) between control and
NO; treated ewes. There were more (P = 0.001; Table 1)
CLsin treated ewes than controls; however, the number of
fetuses present did not differ (P = 0.14) between treatment
groups. Live birth and stillbirth numbers did not differ (P >
0.33) between control and NO; treasted ewes; however,
gestation length tended (P = 0.08) to be shorter in NOg
treated ewes.

Table 1. Mean corpora lutea and fetal parameters of
control and NO;™ treated ewes.
Item Control* NO; treated® P - value
Corpora
lutea  0.89+0.21*° 1.92+017° 0.001
Fetal count 1.0+ 0.20° 1.4+0.17° 0.14
Live births 1.5+0.35° 1.38+0.28° 0.80
Stillbirths ~ 0.25+0.29*  0.62+0.23° 0.33
Gestation
length 146.0+0.53* 144.8+0.41% 0.08

Control ewes (n = 10) were administered 0 mg/kg BW KNOs
2NO; treated ewes (n = 15) were administered 175 mg/kg BW
KNO;

B\Within arow, means with different superscripts differ (P < 0.05)
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Discussion

Though weekly BW change did not differ (P =
0.56; Figure 1), control ewes were consistently numerically
heavier than NOs treated ewes. Previous studies in our
laboratory (in review, 2008) showed that subacute dietary
NO;™ has little to no effect on weekly BW change during a
short term treatment. Furthermore, gut fill can influence
BW change according to the time of the animal’s last meal
in relation to when the BW was obtained (Rohr and
Daenicke, 1984). Weekly BW was consistently recorded
during the same time period in order to help eiminate
weight variations from gut fill, though animal grazing time
could not be controlled.

Plasmaurea N is used as indicator of circulating N
levels and glomerular filtration. Pasma urea N levels
tended to be higher (P = 0.08; Figure 2) in NOs treated
ewes than controls. The increase in PUN levels in treated
ewes was expected as the excess NO;” would increase
circulating N levels, therefore, glomerular filtration rate
would increase in an atempt to eliminate the toxic
substance.

As expected, plasma NO;' levels were higher (P <
0.0001; Figure 3) in NOs treated ewes. However, plasma
NO, was not different (P = 0.54; Figure 4) between the
treatment groups. It is hypothesized this may be due to the
NO," binding to hemoglobin or being metabolized to other
substrates.  Ancther possible hypothesis was that the
metabolism of NO3z to NO,” may have been slower in sheep
than the three hour peak as seen in cattle, and therefore the
time of blood collection was not conducive for detecting
peak levels of NO, production.

Decreased NH, production has been implicated in
fertility problems in cattle and sheep. Plasma NH, levels
did not differ (P = 0.64; Figure 5) among NOjs treated ewes
compared to controls, indicating NH, levels may not be
affected by subacute doses of dietary NOg. An acute or
chronic dose, however, may affect NH, levels. Laven et al.
(2002) showed that quickly digestible N can increase
plasma NH, and urea concentrationsin ruminants.

It has been suggested that serum P, concentrations
during the luteal phase are decreased when animas are
adminigtered high levels of NOs;™ over an 8 wk period due to
luteal P, suppression (Page et a., 1990). Luted Py
synthesis may be decreased as a portion of the P-450
dependent hydroxylating enzymes have been inactivated by
NO; (Page et al., 1990). Progesterone levels were not
affected (P = 0.57; Figure 6) by subacute dietary NOg
when administered prior to breeding. Therefore, a chronic
dose of dietary NOs” may more severely impact circulating
P, levels, inhibiting a ewe' s ability to become pregnant or
maintain a pregnancy.

Corpora lutea numbers were different (P = 0.001)
in NO; treated ewes as compared to controls (Table 1);
however, fetuses counted using ultrasound did not differ (P
= 0.14). A possible explanation for the difference noted in
CL numbers but no difference in fetal counts by ultrasound
is that counted CLs could be a result of pregnancy or
ovulation. Furthermore, it is difficult to obtain precise fetal
numbers by ultrasound at d 70 gestation due to fetus size.
Stillborn lambs were defined as those that lived < 1 hr; a

live birth was any lamb that lived > 1 hr. There were no
differences (P > 0.33) in the number of stillborn lambs and
live births between control and NO; treated ewes.
Interestingly, NOj3™ treated ewes gestation period tended (P
= 0.08) to be shorter than control ewes, and NO;s™ treated
ewes consistently had more difficulty during parturition.

Conclusion

In conclusion, fertility rates are not affected in
ewes administered subacute dietary NOs', two estrus cycles
prior to breeding. Previous and current research have been
unable to reproduce the reproductive complications
associated with high levels of dietary NO3', which implies
that NOj; toxicity may not directly affect fertility
Symptoms associated with subacute NOs toxicity include
lack of appetite, feed inefficiency, and immune suppression,
which could be a greater problem to a devel oping embryo
than the NOj itself. Further research into suppression of
the immune response and malnutrition and their effects on
embryonic devel opment may provide needed information as
to how NOs’ indirectly affects fertility.
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Figure1l. Weekly BW change did not differ (P = 0.56)
between control and NOj3™ treated ewes.
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Figure 2. PlasmaureaN tended to differ (P = 0.08)
between control and NOj3™ treated ewes.
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Figure 3. Circulating plasma NOs” was higher (P < 0.0001)
in NOs™ treated ewes than controls during the treatment
period.

Figure 4. Circulating plasma NO, did not differ (P = 0.54)
between NOj5 treated ewes and controls.
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Figure 5. Circulating plasma NH, did not differ (P = 0.64)
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Figure 6. Daily circulating plasma P, levels did not differ
(P = 0.57) between NOs’ treated ewes and controls.
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ABSTRACT: Limited data are available regarding the
influence of thiamin supplementation on incidence of
polioencephalomalacia (PEM) in lambs fed diets
containing high Slevels (> 0.7%). Therefore, our objective
was to evaluate the influence of thiamin supplementation on
feedlot performance, carcass quality, and incidence of PEM
in lambs fed a finishing diet containing 60% distillers dried
grains with solubles (DDGS). Two studies (Study 1, 16
pens, 240 lambs; Study 2, 55 individualy fed lambs) were
conducted using completdy random designsto evaluate the
influence of level of thiamin supplementation. Lamb
finishing diets contained 60% DDGS which resulted in
dietary S concentration of 0.7% (DM basis). Treatment
diets were based on level of thiamin supplementation, 1)
CON (no supplemental thiamin), 2) LOW (50 mg:hd*-d?),
3) MED (100 mg-hd™-d™), or 4) HIGH (150 mg-hd™*-d™?).
Additionaly in Study 2, a fifth treatment (HIGH+S) was
added which contained 0.87% S (DM basis) and provided
150 mg:hd*-d* thiamin. This increase in S was achieved
by addition of dilute sulfuric acid to DDGS. In sudy 1,
ADG changed quadratically (P = 0.04) with lambs fed
CON, LOW, and MED gaining faster than lambs fed
HIGH. In Study 1, DMI and G:F responded cubically (P <
0.03) to level of thiamin supplementation with MED lambs
having greater DMI and decreased G:F. No differences in
performance data were observed in Study 2. In both sudies,
most carcass characterigics were unaffected with the
exception of carcass conformation (Study 1; P = 0.05) and
flank sreaking (Study 2; P = 0.03). No clinica cases of
PEM were observed during the course of either study.
These data indicate limited benefits for the use of thiamin to
aide in the prevention of PEM in lambs fed diets containing
60% DDGS and greater than 0.7% S.
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Introduction

One of the challenges with use of ethanol co-products
is the potential for high dietary S levels. High S diets can
cause polioencephalomaacia (PEM) in  ruminants.
Incluson of large percentages of co-product feeds, like
ditillers dried grains with solubles (DDGS), in finishing
rations has been avoided, in part, due to problems with
PEM aswell as concerns about optimal animal performance
and carcass characterigics. While the common dogma is
that including DDGS at over 40% of dietary DM in beef
cattle finishing diets will decrease performance, research
indicates sheep can be fed higher levels of DDGS without
affecting animal performance (Schauer et al., 2008). This
provides an opportunity for increased utilization of DDGS
in lamb finishing rations. Concerns remain if increased S
levels in DDGS-based rations will result in PEM, and if a
method of reducing or preventing PEM exists.  Thiamin
supplementation is one proposed method of reducing or
preventing PEM in ruminant animals. The efficacy of
thiamin supplementation in preventing PEM is likely
impacted by the mechanisms by which PEM is caused (e.g.
long-term thiamin deficiency or high hydrogen sulfide gas
concentration).  Further, the effect and dose of thiamin
necessary to prevent such cases of PEM requires more
investigation. For the purposes of this research, our
hypothesis was that providing increased dietary thiamin
would decrease the incidence of PEM in lambs fed high S
diets without affecting anima performance. Therefore, our
objectives were to determine the influence of thiamin level
on feedlot performance, carcass characterigtics, DMI, and
incidence of PEM in lambs fed a 60% DDGS finishing
ration.

Materialsand Methods

Sudy 1. Prior to initiation of the research, all
procedures were approved by the NDSU Animal Care and
Use Committee. Two-hundred forty western white-face
lambs (32.5 * 4.8 kg; wethers and ewes) were utilized in a
completey random design to evaluate the influence of level
of thiamin supplementation in lamb finishing diets. The
find finishing diet was balanced to contain 60% DDGS
(DM basis), which resulted in a dietary S concentration
averaging 0.72% (Table 1). Treatments diets differed in the
amount of supplemental thiamin supplied; diets were
formulated to provide: 1) CON (no supplemental thiamin),
2) LOW (50 mg-hd*-d* thiamin), 3) MED (100 mg-hd™*-d™*

135



thiamin), or 4) HIGH (150 mg-hd™*-d™* thiamin) based on an
estimated daily DMI of 1.36 kg-hd™.d*. Rations were
mixed in a grinder-mixer and provided ad-libitum via bulk
feeders. Contents of feeders (feed refusals) were collected
and weighed at the end of the study. Initial and final
weights were the average of 2-d weights. Following the
110-d finishing period, lambs were transported for harvest
and subsequent carcass data collection at lowa Lamb
Corporation Hawarden, |A by trained personnel. One-
hundred eighty-five lambs of the original 240 (77.08%)
were shipped. Lambs with a live weight less than 50 kg 28
d prior to daughter were not shipped to this location and as
a result carcass data were not collected on these lambs.
Treatment distribution of the lambs shipped to lowa Lamb
Corporation was 49, 48, 44, and 44 head for CON, LOW,
MED, and HIGH, respectively.

Table 1. Ingredient and nutritional compasition (DM basis)
of final finishing ration fed to lambsin Study 1

Treatments’
Item CON LOW MED HIGH
Ingredient, %
AlfalfaHay 15.00 1500 15.00 15.00
Corn 21.38 21.38 21.38 21.38
DDGS 60.00 60.00  60.00 60.00
Supplement? 3.62 3.62 3.62 3.62
Nutrient 3
CP, % 23.7 23.3 23.4 23.6
ADF, % 10.5 10.5 10.9 11.1
S, % 0.74 0.69 0.71 0.72
Ca, % 1.33 1.59 1.17 1.08
P, % 0.68 0.69 0.70 0.72
Thiamin® 0 50 100 150

T Treatments: CON (no supplementa thiamin), LOW (50
mg-hd*-d™ thiamin), MED (100 mg-hd™.d* thiamin), and
HIGH (150 mg-hd™.d™ thiamin).

2 Supplement (% total diet): 0.5% Ammonium chloride,
2.25% limestone, 0.085% Lasalocid, 0.78% Sheep

Minera 12 (Hubbard Feeds, Mankato MN), 0.002%
Copper sulfate, and either 0, 0.004, 0.007, or 0.11%
thiamin mononitrate.

3 Laboratory analysis of nutrient concentration.

* Formulated level (ppm), thiamin inclusion in diet
cal cul ated based on an estimated DM of 1.36 kg-hd*-d™.

Sudy 2. Fifty-five western white-face wether lambs
(38.4 + 3.2 kg) were utilized in a completely random design
to evaluate the influence of leved of thiamin
supplementation and increased S leve in lamb finishing
diets containing 60% DDGS (treatment diets for CON,
LOW, MED, and HIGH previoudy described, study 1).
Additionaly, a fifth treatment was added in which dietary
thiamin was supplemented at the HIGH level while dietary
S was increased from 0.71% to 0.87% (DM basis) with the
addition of dilute sulfuric acid to DDGS (HIGH+S; Table
2). The number of lambs on each treatment was: 12, 10, 10,
12, and 11 head for CON, LOW, MED, HIGH, and
HIGH+S, respectively. Lambs were assigned to one of five
treatment diets and fed in individual pens for 112 d. Feed
was offered daily and refusals were collected and weighed

weekly. Initial and fina weights were the average of 2-d
weights. Following the 112-d finishing period, lambs were
harvested and carcass data collected at the NDSU Mests
Laboratory by trained personnel.

Table 2. Ingredient and nutritional composition (DM basis)
of final finishing rations fed to lambs in Study 2
Treatments'

Item CON LOW MED HIGF HIGH+S
Ingredient,%
AlfafaHay 15.00 1500 1500 15.00 15.00
Corn 21.38 21.38 21.38 21.38 21.38
DDGS 60.00 60.00 60.00 60.00 60.00

Supplement? 362 3.62 362 362 362
Nutrient®

CP, % 233 236 234 227 235

ADF, % 108 11.0 116 116 113

S, % 0.7¢  0.69 075 071 0.87
Ca, % 158 142 1.65 1.6€ 177
P, % 0.7¢ 081 0.92 0.91 0.87
Thiamin* 0 50 100 150 150

T Treatments: CON (no supplementa thiamin), LOW (50
mghd®-d* thiamin), MED (100 mghd*-d* thiamin),
HIGH (150 mg-hd™.d* thiamin), and HIGH+S (150
mg-hd*-d™ thiamin with 0.87% S).

2 Supplement (% total diet): 0.5% Ammonium chloride,
2.25% limestone, 0.085% Lasalocid, 0.78% Sheep Mineral
12 (Hubbard Feeds, Mankato MN), 0.002% Copper
sulfate, and either 0, 0.004, 0.007, or 0.11% thiamin
mononitrate.

3 Laboratory analysis of nutrient concentration.

* Formulated level (ppm), thiamin inclusion in diet
cal cul ated based on an estimated DM of 1.36 kg-hd*-d™.

Satistical Analysis. Lamb performance and carcass
data were anayzed as a completely random design using
the GLM procedures of SAS (SAS Ingt. Inc., Cary, NY)
with pen (Study 1) and lamb (Study 2) serving as the
experimental unit. Carcass data for Study 1 was anayzed
with missing data points from underweight lambs not
included in the data set, but with pen till serving as
experimental unit. For both studies, the model included
treatment while linear, quadratic, and cubic contrasts for
increasing level of thiamin supplementation as well as a
direct comparison of the HIGH vs. HIGH+S treatments
(Study 2) were evaluated. P-values < 0.05 were considered
significant and values less than 0.10 and greater than 0.05
were considered tendencies. When an overall F-test was
not significant, but a contragt P-value was significant the
resultswill be discussed as atendency.

Results

Sudy 1. There was atendency for quadratic (P = 0.08;
Table 3) decreasein fina BW; specifically the CON, LOW,
and MED treatment lambs finished at heavier weights than
the group fed the HIGH leve of thiamin. This coincides
with ADG which also exhibited a quadratic decrease (P =
0.04) with the CON, LOW, and MED treatment groups
gaining weight a a faster rate than the HIGH treatment
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group. Dry matter intake as wel as G:F responded
cubically (P < 0.03) to level of thiamin supplementation
with the MED fed lambs consuming more feed resulting in
decreased G:F.

Mortdity was not affected (P = 0.43) by leve of
supplemental thiamin and averaged 0.42% across all
treatments.  Hot carcass weight tended to decrease
quadratically (P = 0.05), while leg score had a quadratic
tendency (P = 0.06) for a lower score with increased
thiamin supplementation. Fat depth, body wall thickness,
ribeye area, flank streaking, quality grade, and yield grade
were al unaffected (P > 0.17) by level of supplemental
thiamin. However, there was a cubic tendency (P = 0.07)
for differences in conformation score with CON and MED
having greater scores than LOW or HIGH. Additionaly,
lambs in the HIGH group tended to have a greater
percentage of boneless closely trimmed retail cuts (P =
0.06; cubic response).

Sudy 2. There were no differences (P > 0.46; Table 4)
in initial BW, find BW, ADG, DMI, leg score, carcass
conformation, fat depth, body wall thickness, ribeye area,
yield grade, or percentage boneless closely trimmed retail
cuts of the lambs in Study 2. Gain efficiency and HCW
tended differ in acubic fashion (P < 0.08). Specificaly, the
lambs in the MED group had poorer G:F and lower HCW
than all other treatment groups. There was a difference in
flank streaking between the HIGH and the HIGH+S groups
(325 vs. 482, respectively for HIGH and HIGH+S;, P =
0.002). Theincreasein flank streaking further resulted in a
tendency (P = 0.02) for differences in quality grade
between HIGH and HIGH+S treatment groups. No
differences in the incidence of morbidity or mortality were
noted in Study 2 as no lambs died or were treated for illness
during the study.

Discussion

The decrease in final weight with increasing level of
thiamin in Study 1 was an unexpected result. Given that
excess thiamin is cleared by the kidneys (McDowell, 2000)
and that intake of upwards of 1000 times requirement are
thought to be safe (NRC, 1987), it is difficult to attribute
the decreased performance to thiamin toxicity at the levels
fed in the present study. Palatability differences due to the
sulfurous odor and hitter taste (McDowell, 2000) associated
with thiamin could be ancther possible explanation for the
differences in intake. Results from Study 2 contradict
Study 1, as there were no differences in final BW among
the treatments. Differencesin HCW and leg score are more
than likely driven by the similar differences observed in
find BW in Study 1.

There were no occurrences of PEM observed during
either of these studies; even though dietary S levels (0.69 to
0.87% S DM basis) were nearly twice the recommended
maximum tolerable level of S (0.4% for high concentrate
diets; NRC, 2005). Contrary to the present studies,
Krasicka et al. (1999) reported that all lambs fed a low
fiber-high starch diet containing 0.72% S died from PEM
after 12 weeks. Loneragan et a. (2005) hypothesized that
the therapeutic effects of thiamin in PEM-affected animals
are either due to an increased requirement for thiamin or a

beneficial effect of thiamin on impaired brains. The present
research discounts the proposed increased requirement at
least in feedlot lambs fed high levels of DDGS as the S
source. However, we cannot support or dismiss the second
theory relating to the beneficial effect of thiamin on
impaired brains as no clinical cases of PEM occurred in our
studies. Our data suggests that PEM cannot be induced in
lambs fed 0.69 to 0.87% S when the primary dietary S
sourceis DDGS. This indicates the threshold level may be
greater in lambs than previoudy thought, or that disposition
of S (what form it is in the feed, its fate during ruminal
fermentation, and its route of excretion) should be
investigated more fully.

A review of literature reporting the amount of S fed to
ruminants in corn co-product-based rations further
demondtrates the inconsigencies in the amount of S
required to cause neurological problems, such as PEM. The
present study demonstrates that feeding DDGS at 60% of
dietary DM does not appear to increase the incidence of
PEM in lambs when water with low sulfate content (< 141
ppm) is available. Similar to the present studies the 60%
DDGS diet fed by Schauer et d. (2008) contained 0.55% S
(DM basis) did not result in any cases of PEM. Contrary to
these studies Niles et al. (2002) reported that 10 of 14
calves fed corn gluten feed-based diets exhibited PEM;
those calves affected were fed diets that contained either
0.55 or 0.70% S (DM basis). Huls et al. (2008) fed 50%
modified wet didtillers grains plus solubles while
supplementing 150 mg-hd*-d* thiamin without inducing
PEM; while Buckner et al. (2007) discontinued feeding a
treatment diet which contained 50% DDGS when multiple
steers exhibited PEM while receiving 150 mghd™-d™
thiamin.

Further, our data indicates the NRC (2005) maximum
tolerable level of S should be re-evaluated. At a minimum,
Schauer et al. (2008) and the present studies illustrate the
need for additional research to further determine the
interactive affects of S, thiamin supplementation, and
dietary grain concentration in finishing rations, and the
effect they collectively have on the incidence of PEM.
Further investigation into S metabolism in lambs as well as
determining if beef cattle can be fed similar levels of S with
out negative impacts on performance and health will be
beneficial for not only livestock producers but also the
ethanol industry.

Implications

The fact that lambs fed diets averaging 0.72% sulfur
did not develop polioencephalomalacia while 4till
maintaining adequate performance, even when given no
supplemental thiamin demonsgrates that feeding elevated
levels of ditillers dried grains with solubles is possible in
lamb finishing diets. The use of thiamin as a dietary
additive to aide in the prevention of polioencepha omalacia
in finishing lambs does not appear to be necessary in
feeding environments with similar feed and water sulfur
levels as the present gtudies. Additionally, feeding 150
mg-hd™*.d? thiamin appears to prevent
polioencephalomalacia in lambs fed diets containing 0.87%
sulfur.
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Table 3. Influence of thiamin supplementation on performance and carcass characteristics of lambsin Study 1

Treatment’ P-value®
Item CON LOW MED HIGH SEM?  P-value Linear Quad Cubic
Initial wt, kg 32.6 32.6 325 32.6 0.15 0.94 0.73 0.63 0.83
Final wt, kg 62.3 62.8 62.5 60.5 0.65 0.10 0.07 0.08 0.79
ADG, kg/d 0.27 0.28 0.27 025  0.005 0.08 0.09 0.04 0.76
Intake, kg-hd™.d™* 1.77 1.78 1.98 1.74 0.04 0001  0.49 0.004  0.002
GF 0.15 0.15 0.14 015 0004  0.05 0.08 0.57 0.03
Mortality, % 1.67 0 0 0 0.83 0.43 0.20 0.34 0.66
HCW, kg 314 32.1 317 30.9 0.37 0.18 0.35 0.05 0.68
Leg score’ 11.3 115 11.6 11.0 0.17 0.16 0.36 0.06 0.41
Conformation score* 115 114 11.6 11.2 0.08 0.05 0.07 0.12 0.07
Fat depth, cm® 0.8 0.9 0.8 0.8 0.05 0.59 0.96 0.96 0.18
Body wall thick, cm 2.7 3.0 25 2.7 0.10 0.32 0.39 0.83 0.11
Ribeye area, cm? 15.6 155 15.7 15.7 0.39 0.98 0.77 0.92 0.81
Flank streaking® 337 340 353 336 6.74 0.29 0.71 0.16 0.21
Quality grade® 11.3 11.3 115 11.2 0.08 0.17 0.36 0.13 0.15
Yield grade’ 35 3.8 34 3.7 0.18 0.55 0.82 0.94 0.17
%BCTRC? 447 443 45,0 46.8 0.21 0.18 0.24 0.75 0.06

TTreatments: CON (no supplemental thiamin), LOW (50 mg-hd™-d™ thiamin), MED (100 mg-hd™-d™ thiamin), and HIGH

(150 mghd™d? thiamin).
2 Standard Error of Mean; n = 4.

®p-value for linear, quadratic, and cubic effects of increasing level of thiamin supplementation.
* Leg score, conformation score, and quality grade: 1 = cull to 15 = high prime.

® Adjusted fat depth and yield grades.

®Flank streaking: 100-199 = practically devoid; 200-299 = traces; 300-399 = slight; 400-499 = small; 500-599 = modest.

"Yield Grade = 0.4 + (10 x adjusted fat depth).

89 Bonedless closely trimmed retail cuts = (49.936 - (0.0848 x HCW, Ibs) - (4.376 x fat depth, in) - (3.53 x body wall

thickness, in) + (2.456 x ribeye area, in%)).
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PREGNANCY RATE, OFFSPRING PERFORMANCE AND SERUM PROLACTIN, ESTRADIOL, INSULIN, AND
GLUCOSE CONCENTRATIONS IN EWES TREATED WITH RECOMBINANT BOVINE SOMATOTROPIN
BEFORE BREEDING

L. E. Camacho, J. M. Benavidez, and D. M. Hallford
New Mexico State University, Las Cruces, NM 88003

ABSTRACT: Rambouillet ewes were used to examine
effects of bovine somatotropin (bST) near the time of
breeding on serum hormone profiles and pregnancy rates.
Before initiation of a fall breeding period, 75 ewes (68.8 £
1.5 kg) received an intravaginal insert containing 0.3 g of
progesterone (P4) to synchronize onset of estrus. After 12
d, inserts were removed (d 0) and ewes received either 0
(control, n = 37) or 250 (n = 38) mg of recombinant bST
(Posilac, Monsanto, s.c.). Ewes were joined with fertile
rams 24 h after insert removal. Blood samples were
collected from 12 ewes in each treatment daily from d 0 to
20 after insert removal. As expected, serum IGF-I
concentrations were elevated (P = 0.05) from d 2 through
13 in bST-treated compared with control ewes. Serum PRL
and estradiol were similar (P > 0.97) between treatments.
Serum insulin concentrations were 0.44 and 1.74 (+ 0.19)
ng/mL in control and bST-treated ewes 1 d after receiving
bST (P = 0.001) and remained elevated (P < 0.03) in bST-
treated ewes through d 9. Peak insulin values in bST-treated
ewes (6.94 vs 0.39 + 1.41 ng/mL for controls) occurred on
d 7. Serum glucose values were 98 and 69 (x 5) mg/dL in
bST-treated and control ewes 2 d after bST injection (P =
0.001). Treated ewes continued to have greater (P < 0.003)
serum glucose concentrations than did control ewes until d
8 at which time values were 108 and 55 (+ 12) mg/dL (P =
0.004), respectively. Pregnancy rates were determined at
lambing. Thirty-three of 37 (89%) control ewes were
pregnant whereas 27 of 38 (71%) bST-treated ewes were
pregnant (P = 0.05). As a percentage of ewes lambing, 61%
and 39% of control ewes produced single and twin lambs,
respectively, compared with 41 and 59% of bST-treated
ewes (P =0.12). Lamb 60-d adjusted weaning weights were
23.0 and 21.2 (£ 0.65) kg for offspring produced by control
and bST-treated dams, respectively (P = 0.04). Pregnancy
rates and offspring weights were decreased by bST
treatment immediately before breeding. However, if bST-
treated ewes conceived, they tended to produce more twins.
Keywords: growth hormone, reproduction, sheep

Introduction

Establishment of pregnancy depends on an
appropriate relationship between dam and embryo.
Maternal environment may not always be appropriate
(Wilmut et al., 1985). Thatcher et al. (2001) showed that
bovine somatotropin (bST) affects the maturing oocyte,
reproductive tract, or developing embryo to enhance
embryonic survival. Bovine somatotropin improves
fertilization rate, accelerates embryo development, and
improves embryo quality (Santos et al., 2004). Early

embryonic loss is a main cause of reproductive failure,
particularly in repeat-breeding cows, where close to 50% of
embryos die during the first 16 d after fertilization
(Morales-Roura et al., 2001). In sheep, 20 to 30% of
embryos are lost during the first 13 d after fertilization
(Carrillo et al., 2006). Bilby et al. (2004) suggested that
bST may enhance conceptus development, allowing greater
secretion of interferon tau at d 17 of pregnancy, and also,
may increase number of pregnant animals and decrease
early embryonic loss. Morales-Roura et al. (2001)
suggested that bST could reduce delayed embryo
development as it increases serum progesterone (P4) and
delays onset of luteolysis in heifers. Growth hormone may
improve embryo development in cattle; its addition to
culture media stimulates in vitro oocyte maturation and
subsequent embryonic development (Morales-Roura et al.,
2001). Carrillo et al. (2006) found that a single
administration of bST 5 d before exogenous progestin
withdrawal increased the proportion of ewes with multiple
pregnancies, lambing rate of mature ewes, and prolificacy.
Effects were associated with an increase in serum IGF-I.
The objective of this experiment was to determine the
influence of recombinant bST administered to ewes
immediately before estrus on pregnancy rates, offspring
performance, and serum concentrations of prolactin (PRL),
estradiol, insulin, and glucose.

Materials and Methods

All procedures involving animals were approved
by the New Mexico State University Institutional Animal
Care and Use committee.

Animals and Treatments. Seventy five mature
Rambouillet ewes (68.8 + 1.5 kg) were maintained under
ambient conditions during a fall breeding season at the
West Sheep Unit on the main campus at New Mexico State
University. Ewes were fed alfalfa hay at 1.6 kg daily and
had free access to water, salt, and shade. Before initiating
the fall breeding period, ewes received a P4-impregnated
intravaginal insert (CIDR, 0.3 g P4; Pharmacia and Upjohn
Pty Limited, Rydalmere NSW) to synchronize onset of
estrus. The CIDR was removed after 12 d and ewes were
joined with fertile Rambouillet rams. Ewes were stratified
by BW and age and randomly assigned to 1 of 2 treatments
on the day of CIDR removal (d 0). Thirty seven control
ewes received a s.c. injection containing 0.5 mL of saline
immediately after CIDR removal. The second group of 38
ewes received 250 mg of prolonged release bST (Posilac,
Monsanto Co.).
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Blood Collection and Analysis. Beginning on d 0
and continuing through d 20, blood was collected daily
from 12 ewes in each treatment by jugular venipuncture
into serum separator tubes (Corvac, Kendall Health Care,
Sr. Louis, MO) and allowed to clot at room temperature for
30 min. Samples were centrifuged at 4°C for 15 min at
1,500 x g and serum was stored frozen in plastic vials until
assayed. Serum IGF-I (Berrie et al., 1995), PRL (Spoon and
Hallford, 1989), and estradiol (Kane et al., 2004) were
quantified by double antibody RIA. Insulin (Riemers et al.,
1982) was quantified by solid phase RIA using components
of commercial kits (Coat-A-Count Siemens Medical
Solutions Diagnostics; Los Angeles, CA). Within and
between assay CV were less than 15% for all hormone
determinations.

Serum glucose was determined using a glucometer
(One Touch UltraMini, Life Scan, Johnson and Johnson,
Milpitas, CA). Briefly, the glucometer method employs test
strips (One Touch Ultra Test Strip) which contain glucose
oxidase  (Aspergillus  niger) and  ferricyanide.
Approximately 10 pL of serum was placed on the test strip
and the strip was placed in the glucometer which yielded a
glucose reading in about 5 s. The performance
characteristics provided with the glucometer and test strips
stated the reference range was 20 to 600 mg/dL. To validate
the test in ruminant serum, 59 samples were tested by both
colorimetric (enzymatic endpoint method, # TR 12421,
Thermo Scientific Waltham, MA) and glucometer methods.
The mean glucose concentration determined by the 2
methods did not differ (70 and 76 + 3 mg/dL for
colorimetric and glucometer, respectively, P = 0.16) and the
correlation coefficient between methods was 0.70 (P <
0.001). All samples were assayed on 1 d and the CV
determined by testing 1 sample 8 times was 3.7%.

Statistical Analysis. Effects of bST on IGF-I, PRL,
estradiol, insulin, and glucose during the treatment period
were examined by split-plot analysis of variance using the
mixed procedure of SAS (SAS Inst. Inc., Cary, NC). The
main plot factor was bST treatment and individual ewe was
the experimental unit. Sampling day and the day by bST
treatment interaction were included in the subplot.
Compound symmetry was the appropriate covariance
structure. When significant treatment by day interactions
were detected, treatment effects were examined within day
of sampling. Pregnancy rate was examined using the
frequency procedure of SAS. Weight responses were
subjected to ANOVA for a completely random design and
analysis was computed using GLM of SAS.

Results and Discussion

Pregnancy Rates and Offspring Performance

As stated previously, one of the objectives of this
experiment was to determine the influence of bST on
pregnancy rate of ewes. Our interest was to elevate the
serum concentration of IGF-I during the time of ovulation,
breeding, and early embryonic development. In a
preliminary report from our laboratory, Camacho et al.
(2008) stated that serum IGF-I concentrations were elevated
in bST-treated ewes compared with controls from 2 to 13 d
after bST administration. Similar increases in IGF-I in

response to bST treatment were reported by Carrillo et al.
(2006) in Pelibuey ewes. Pregnancy rates in the current
study were determined at lambing. Thirty-three of 37 (89%)
control ewes were pregnant compared with 27 of 38 (71%)
bST-treated ewes (P = 0.05). These data suggest a decrease
in conception rate in Rambouillet ewes treated with 250 mg
of bST at the time of CIDR removal. In contrast, pregnancy
rates were increased in cyclic, lactating dairy cows when
bST was injected at initiation of the Ovsynch protocol or
near the time of Al (Moreira et al., 2000; Morales-Roura et
al., 2001; Santos et al., 2004).

The distribution of control ewes producing 0, 1, or
2 lambs was 11, 54, and 35%, respectively, compared to 29,
29, and 42%, respectively, for bST-treated ewes (P = 0.05).
However, when only ewes that became preghant were
examined, 61 and 39% of control ewes produced single and
twin lambs, respectively, compared with 41 and 59% of
bST-treated females, respectively (P = 0.12). These results
suggest a tendency for bST-treated ewes to produce more
twins if the ewe becomes pregnant. Likewise, Carrillo et al.
(2006) reported that bST administration to ewes 5 d before
CIDR removal increased number of lambs born compared
with controls.

Offspring produced from these matings were
weighted at birth and again when weaned at approximately
60 d of age. Lambs from control and bST-treated dams
weighted 5.4 and 5.0 (£ 0.12) kg, respectively, at birth (P
=0.01). At weaning, offspring from control ewes weighted
20.9 kg compared with 18.9 (£ 0.7) kg for those from bST-
treated ewes (P = 0.04). As an additional variable, actual
weaning weight was adjusted to a 60 d, single ewe lamb,
mature ewe basis. Adjusted weaning weights were 23.0 and
21.2 (x 0.6) kg for offspring of control and bST-treated
ewes, respectively, (P = 0.04). The decrease in birth weight
of offspring from bST-treated ewes contrast data reported
by Costine et al. (2005) who observed heavier birth weights
of lambs from ewes treated with GH. The reason for
decreased lamb growth response from bST-treated ewes is
not readily apparent. It is doubtful that prebreeding
administration of bST would adversely impact ewe milk
production 5 or 6 mo later. In fact, Holcombe et al. (1988b)
treated ewe lambs with oGH for 30 d before breeding and
observed no differences among treatments in milk yield or
composition. The possibility exists that bST administration
before breeding could influence endocrine parameters that
might alter postnatal lamb performance in addition to
influencing conception rates of ewes.

Serum Hormone Profiles

Serum PRL was measured in samples collected
daily from the time of CIDR and bST administration
through the subsequent 20-d period. A treatment by day
interaction was detected (P = 0.032) necessitating
examination of treatment effects within sampling day. The
PRL concentrations in control and bST-treated ewes did not
differ (P > 0.10) on any day after treatment (data not
shown). Flores et al. (2008) reported that serum PRL was
positively correlated with diameter of the largest follicle 1 d
after CIDR removal and PGF,, administration in beef cows.
However, these same workers stated that bST did not affect
serum PRL concentrations.
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Serum estradiol concentrations were also
determined in the daily post-treatment samples (treatment
by day, P = 0.17) and no differences were observed (P >
0.12) between treatments data not shown). This similarity in
serum estradiol values in the 2 groups implies that this
hormone was likely not a contributor to the decrease in
conception rate observed in bST-treated ewes. Previous
research by Bartholomeusz et al. (1999) in rats showed that
small increases in maternal estradiol could be lethal to
embryos and retard fetal and placental growth.

Serum insulin profiles in control and bST-treated
ewes after CIDR removal and bST administration are
shown in Figure 1 (treatment by day, P < 0.001). Before
treatment on d 0, serum insulin values were less than 1.0
ng/mL in both groups. One day after treatments began,
however, insulin in control ewes was 0.44 ng/mL compared
with 1.74 (£ 0.19) ng/mL in bST-treated females (P <
0.001). A single injection of bST resulted in very large
increases in serum insulin such that on d 7 the value in
treated ewes was 6.94 £ 1.41 ng/mL compared with 0.39
ng/mL in control ewes (P = 0.003). The significant increase
in insulin for treated ewes continued to d 9 and remained
numerically greater than controls through d 11. Holcombe
et al. (1988ab) also observed increased serum insulin
concentrations in mature ewes and ewe lambs treated daily
with exogenous oGH. Schemm et al. (1990) suggested that
exogenous GH decreased glucose clearance in response to
insulin and that GH reduced the inhibition of
gluconeogenesis by insulin. Growth hormone may be
responsible for insulin resistance in maternal tissue but the
mechanism is not known (Brockman and Laarveld, 1986).
However, increasing concentrations of insulin in goats
enhanced ovarian function and twinning percentage
(Suguna et al., 2008).

After observing the large increase in serum insulin
values in response to bST administration, serum glucose
was determined in samples through d 12 and values are
presented in Figure 2 (treatment by day, P < 0.001). Before
treatment on d 0, glucose values were 43 + 2.9 mg/dL in
both groups. At 24 h after treatment, control ewes had a
glucose concentration of 69 mg/dL compared with 98 (+
5.4) mg/dL for bST-treated ewes (P < 0.001). The peak
glucose values in treated ewes (121 + 12 mg/dL) occurred
on d 6 at which time the value for control ewes was 53 + 12
mg/dL (P < 0.001). Bell and Bauman (1997) suggested that
exogenous bST can cause reduced glucose uptake in muscle
and adipose tissue, reduction in insulin receptor protein
abundance (inhibitory effect on GLUT4), and may increase
mobilization of amino acids.

Implications

Pregnancy rates and offspring performance were
decreased by bovine somatotropin treatment immediately
before breeding. If somatotropin-treated ewes conceived,
they tended to produce more twins. Treatment with
somatotropin resulted in large increases in serum insulin
and glucose concentrations which may have contributed to
effects observed on reproduction and lamb weights.
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Figure 1. Serum insulin concentration in Rambouillet ewes
treated with O (control, n = 11) or 250 mg (bST, n = 12) of
bovine somatotropin (bST) beginning on the day of removal
of a progesterone-containing intravaginal insert (d 0).
Values differed between treatments on d 1 through 9 (P <
0.03). The SE ranged from 0.05 to 1.57 ng/mL.
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Figure 2. Serum glucose concentration in Rambouillet ewes
treated with O (control, n = 11) or 250 mg (bST, n = 12) of
bovine somatotropin (bST) beginning on the day of removal
of a progesterone-containing intravaginal insert (d 0).
Values differed between treatments on d 2 through 8 (P <
0.008). The SE ranged from 2 to 12 mg/dL.
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ABSTRACT: The objectives of three experiments were to
study the effects of starch (corn grain) or fiber (wheat
middlings) based supplements on digestibility of DM, NDF
and N by wethers and feeding behavior by heifers. In Exp.
1, 16 wethers were randomly assigned to chopped grass hay
(8.9% CP) based diets containing 0, 5, 10, or 20% cracked
corn (CORN) whilein Exp. 2, the wethers were assigned to
grass hay based diets containing 0, 5, 10, or 20% wheat
middlings (MID). Each experiment consised of 10 d diet
adaptation followed by 5 d of total fecal collection.. Dry
matter intakes were limit fed at 1.35 kg-wether™.d™. There
were no (P > 0.05) changes measured for CP or DM
digestibilities due to increassing CORN, but NDF
digestibility decreased linearly (P < 0.05). In Exp. 2,
digestibility of CP increased linearly (P = 0.02) with
increasing MID, but NDF or DM digestibilities were not
changed (P > 0.05). For Exp. 3, 24 Angus heifers (17-mo-
old, BW = 366 kg, 2-mo-pregnant) were used in a
completely randomized design to study the effects of
CORN or MID supplements on feeding behavior. Heifers
were assigned to 1 of 4 supplement groups,; no supplement
(HAY), 20% corn (CORN), 20% whesat middlings (MID),
or a 50% corn and 50% wheat midds mix (20% of DMI;
MIX). Heifers were assigned to one of eight pens with 3
heifers/pen and two pens/trestment for a 20 d diet
adaptation followed by 10 d of data collection. Heifers
were offered ad libitum access to diets (80% chopped grass
hay and 20% supplement). Individual intakes and feeding
behavior were measured using the GrowSafe® 4000 system.
Numerically, total DM intake was greatest for MID and
least for CORN (P < 0.05). However, intake during the
first 6 h after feeding and the percentage of the total 24 h
intake consumed during thefirst 6 h was greater for MIX (P
< 0.05) than HAY, CORN, or MID. CORN depressed
NDF digestion while MID did not, but heifers consumed
10% more DM when fed MIX during the first 6 h after
feeding.

Key words. Corn supplementation, Feeding behavior,
Nutrient digestion

Introduction

When dormant native range or hay does not
provide enough protein or energy to meet the nutritiona
requirements of beef cattle, supplementation may be
necessary to meet changing physiological status,
environmental stress, or inadequate forage supply (Chase
and Hibberd, 1987). Supplementing native grass hay diets
with grain-based supplements continues to be a debatable
topic among producers and researchers (Matgjovsky and

Sanson; 1995 and Sanson et al., 2004). Most literature
suggests a decrease in neutral detergent fiber (NDF)
digedtibility with increasing levels of cereal grain
supplementation (Chase and Hibberd, 1987, Sanson and
Clanton, 1989). Martin and Hibberd (1990) found that
energy supplementation with high fiber (soybean hulls) did
not reduce hay NDF digestion. Work by Orr et al. (2008)
recently showed that replacing a portion of the corn
supplement with soybean hulls may actually improve fiber
digestion. The effect of supplement source on feeding
behavior has been compared with beef cattle. For example,
Cooke et al. (2007) found greater variation in intake for a
citrus pulp based supplement compared to a molasses based
supplement.

The objectives of these three experiments were to
measure the effects of increasing levels of fiber (wheat
middlings) or starch (corn grain) based supplements on
DM, NDF, and N digestibilies in wethers and secondly,
how these supplements would influence feeding behavior in
pregnant heifers.

Materialsand Methods
Exp.1& 2
Sixteen crossbred wether lambs

(Suffolk/Hampshire x Western white face; 6-mo-old; BW =
40 kg) were used in a completely randomized design to
investigate the effects of increasing levels of starch
(cracked corn grain; CORN) or fiber (wheat middlings;
M D) based supplements on digestibility of DM, NDF, and
N. Wethers were weighed, without overnight feed
restriction, at the beginning and end of the experiment.
They were housed in the Montana State University's
Nutrition Center and in individual metabolism crates
measuring 1.17 x 0.69 x 0.69 m. The facility was
environmentally controlled with continuous lighting and
temperature maintained above 20°C. Animal care and
handling techniques were approved by the Montana State
University Ingtitutional Animal Care and Use Committee.

Four wethers were randomly assigned to each
dietary treatment. Dry matter intakes were limit fed at 1.35
kg-wether.d™. In Exp. 1, the diet consisted of chopped
native grass hay (9.6% CP) supplemented with O, 5, 10, or
20% CORN (8.4 % CP). In Exp. 2, chopped native grass
hay (8.2% CP) was fed supplemented with 0, 5, 10, or 20%
MID (17.7% CP). For both experiments, hay was chopped
to a length of approximately 2.54 cm with an Art’'s Way
Grinder/Mixer®. Wethers had continuous access to water
and were fed daily at 1200.

Each experimental period consisted of 10 d diet
adaptation period followed by five d of total fecal
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collection. Canvas fecal collection bags were fitted to the
animals starting on d 8 with fecal collection conducted from
d 11 through d 15. Total fecal and feed samples were
collected once daily and composited for later analysis.
After the collection period, total fecal excretion was
weighed and mixed for 3-min. A 200 g subsample was
collected and dried a 60°C for 48 h to calculate partial DM.
Diet and supplements were processed similarly.  All
samples were then ground to pass through a 1.0 mm screen
and analyzed for neutral detergent fiber (NDF; Van Soest et
a., 1991), and N (AOAC, 1999). All samples were also
dried a 100°C for an additiona 24 h to determine intakes
and fecal excretion on amoisturefree basis.

Satistical Analysis

Data was analyzed by nonlinear polynomial
regression (Statistics 9, 2008) to determine if linear or
guadratic responses existed when increasing amounts of
CORN or MID supplements were added to the diet.
Differences were considered significant at P < 0.05.

Exp. 3

Twenty-four Angus heifers (17-mo-old, BW= 366
kg, 2-mo-pregnant) were used in a completely randomized
design to study the effects of CORN, MID or a 50% CORN
and 50% MID supplement on DM intake and feeding
behavior. Hefers were housed in feediot pens a the
Montana State University BART Farm. Heifers were
randomly assigned to 1 of 8 pens (12.2 x 4.6 m) with 3
heifers per pen. Each pen contained a GrowSafe® 4000
feeder which alows for individual feed consumption using
radio frequency ear tags (RFID) and feeding tubs placed on
load cells and equipped with an antenna which allows for
measurement of total feed intake and feeding behavior
(intakes every minute, number of visits to the tub/day, etc).

The diet consisted of 80% chopped native grass
hay (12% CP) and 20% supplement. Pens were randomly
assigned to one of four supplement treatments (two pens
per supplement group); no supplement (HAY), cracked
corn (CORN), wheat middlings (M1D), or a 50% corn and
50% wheat middlings mix (MIX). The grass hay was
chopped to a length of 10 cm with a JAY.LOR
Mixer/Feeder®. Heifers had continuous access to water and
trace mineralized salt blocks. The diets were mixed daily in
aRoto-Mix® TMR Mixer/Feeder and fed at 0800.

The experimental period consisted of a 20 d
adaptation period followed by 10 d of measurement of total
intake and feeding behavior (DM consumed during the first
6 h, time spent at the feed tub, and total time spent at the
feed bunk during a 24 h period). Results were analyzed as
a completely randomized design (Statistics 9, 2008) with
animal as the experimental unit since individual feed
intakes were measured. Means were separated by the LSD
procedure and differences were considered significant at the
P<0.05levd.

Results and Discussion
In Exp. 1, digestibilities of DM or N were not
different (P > 0.05) among diets with increasing levels of
CORN (Table1). However, digestibility of NDF decreased
linearly (P < 0.05) with increasing CORN (Fig. 1). This
result agrees with the linear decrease Chase, J. and

Hibberd (1987) reported when beef cows were
supplemented with 0, 1, 2, or 3 kg of cracked corn to low
quality (4.2% CP) native grass hay. Feeding the higher
corn levels decreased forage utilization to the extent that
overall energy status of the cows was not improved. Sanson
et al. (1990) aso showed that hemicelluloses digestion
decreased as the level of corn in the diet increased while
Royes et a. (2001) found decreased NDF and ADF
digestion as level of corn supplementation increased with
ammoniated star grass.

In Exp. 2, digestibility of N increased linearly (P =
0.02) with increasing MID (Table 2). However, there were
no differences (P > 0.05) due to increasing MID on NDF
(Fig. 2) or DM digedtibilities.  Similarly, Martin and
Hibberd (1990) found no differences when cows were
supplemented with 0, 1, 2, or 3 kg/d of soybean hullswith a
4.1% CP native grass hay. Interestingly, Galloway et al.,
(1991) found that wheat middlings as a supplement to
bermudagrass or ryegrass had a depressing effect on NDF
digestion when measured with steers.

In Exp. 3, numericdly (P < 0.05) MID had the
greatest intake (12.9 kg/d) and CORN had the lowest (11.5
kg/d; Table 2). Dry matter intake during the first 6 h after
feeding was highest (P < 0.05) for MIX (8.7 kg) but similar
among the other treatments (avg. 5.8 kg). As a percentage
of the total 24 h consumption, steers fed MIX consumed
73.3% of the total daily ration during the first six hours
compared to the other treatments which averaged 44.8% of
the total ration consumed during the first six hours. Orr et
al. (2008) reported that replacing a portion of supplemental
corn with soybean hulls may actually improve fiber
digestion and N utilization. Grigsby et a.(1993) found
similar results with steers fed 100% bromegrass hay or 60%
hay and 40% corn and soybean hull supplements. Heifers
consuming HAY or MID spent more (P < 0.05) time at the
bunk (avg, of 266 min/24 h) compared to heifers fed CORN
or MIX (avg. of 237 min/24 h). However, the time spent in
the bunk during the first 6 hours after feeding did not differ
(P > 0.05) among treatments, but as a percentage of the
total time spent at the bunk during the first six hours,
heifers fed MIX did spend more (P < 0.05) time with their
heads in the bunk (44.6%) than did heifers from the other
treatments which were similar.

Implications

CORN supplementation (starch) linearly decreased
diet NDF digestibility while MID supplementation (fiber)
did not. These effects were found even with feeding higher
quality hay (8.9% CP) compared to the lower quality hay
(approximately 4% CP) used in experiments by Chase and
Hibberd (1987) and Martin and Hibberd (1990). Heifers
supplemented with CORN or MIX had (P > 0.05) the
lowest DM intake while heifers supplemented with MID
had greater intakes. Interestingly, heifers supplemented
with MIX consumed more DM during the first 6 h after
feeding compared to the average of the other diets even
though total minutes spent at the bunk were similar to the
other trestments. This combination of starch and fiber
(MIX) suggests a more aggressive feeding behavior.
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