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Four-State Dairy Nutrition & Management Conference

Dedicated to Dr. Randy Shaver
Lacrosse, WI in the odd years and as the Professional
Dairy Management Seminar held in Dubuque, IA
in the even years. In addi on, Randy was a valued
speaker every year.

Dr. Randy Shaver
The 2019 Four State Dairy Nutri on and Management Conference is dedica ng these proceedings to
Professor Randy Shaver, Department of Dairy Science, University of Wisconsin – Madison.
Randy re red in 2019 a er 31 years of outstanding
service to Wisconsin and the na onal dairy industry.
A Pennsylvania na ve, Dr. Shaver has dedicated himself to transla ng complex nutri on research results
into prac cal feeding recommenda ons for the dairy
industry.
Professor Shaver was key in star ng the current Four
State Dairy Nutri on and Management Conference.
Randy, as an UW Assistant Professor with encouragement and coopera on of nutri onist Rod Mar n now
with Vita Plus Corpora on, started the Wisconsin
Veterinary Nutri on Symposium in Madison, WI in
1989. Around the same me, Ron Orth of Iowa State
coordinated the Tri-State (IA, IL and WI Extension)
Professional Dairymen’s Management Seminar in
Dubuque IA. Eventually Minnesota joined the group
and these events were hosted by the four dairy
extension services. Un l 2003 when the Grand River
Conference Center opened in Dubuque, the conferences operated in alterna ng years as the Four-State
Applied Nutri on & Management Conference in

Randy is recognized worldwide for his commitment
to improving corn silage u liza on by dairy ca le.
His research program focused on applied nutri on
of lacta ng dairy cows with the major emphasis in
research being corn silage and starch u liza on,
nutri onal eﬀects on reproduc on and B-Vitamin
nutri on. In his extension program, Randy focused
on forage, fiber and starch u liza on, transi on cow
feeding and management, and nutri onal eﬀects on
metabolic disorders with a focus on subacute rumen
acidosis and displaced abomasum.
A few major career outcomes include: improved corn
silage hybrid evalua on, silage maturity and moisture content at harvest, corn silage kernel processing
and improvements, op mizing forage length of chop
guidelines, reducing phosphorus feeding to lacta ng
dairy cows, be er understanding starch in dairy ca le
diets, the use of fecal starch as a dairy farm diagnosc tool, supplemen ng the B-Vitamin Bio n to dairy
cows, and using rumen-protected methionine in
dairy ca le diets to improve performance.
A few recogni ons include: 2019 World Dairy Expo
Industry Person of the Year Award; 2014 ADSA AFIA
Dairy Nutri on Award; 2008 ADSA Pioneer Hi-Bred
Forage Award; 2005 ADSA Delaval Dairy Extension
Award; 2002 ADSA Nutri on Professionals Applied
Dairy Nutri on Award; 1993 UW-Madison CALS
Pound Extension Excellence Award. Randy has served
as President of American Registry of Professional
Animal Scien sts (2009-2010), President American
College of Animal Sciences (2012-2014), and on the
PDPW Board of Directors as an Advisor (2017-2019).
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How Early Life Stress Impacts Gut
Development and Long-Term Health
Adam Moeser, MS DVM PhD and MaƟlda R. Wilson Endowed Chair
Dept. of Large Animal Clinical Sciences
College of Veterinary Medicine
Michicgan State University

The Stress Response
How Early Life Stress Impacts
Gut Development and long-Term Health

The stress response is a homeostatic response meant for survival

Adam Moeser MS DVM PhD
Matilda R. Wilson Endowed Chair
Dept. of Large Animal Clinical Sciences
College of Veterinary Medicine

Benefits of the stress
response:
• Mobilizes nutrients and
resources necessary for
survival
• Diverts blood flow and
oxygen to cardiovascular
system and muscles
• Boosts your immune
system
• Behavioral changes

HPA Axis
Response

Inappropriate stress response leads to disease
Major factors impacting
stress response and
disease outcomes
Moeser AJ. 2019
4 State Nutrition Conference, Dubuque, IA

Stressors Erode Performance and Increase
Disease Risk Across the Production Lifespan

•
•
•
•
•

Number of stressors
Duration – Acute vs chronic
Age at which time stress occurs
Nature/type of stress
Biological Sex: Male vs. female

Moeser AJ. 2018
ADSA Discover Conference, Itasca, IL

Gastrointestinal Stress Biology Laboratory
Research Focus: Mechanisms of stress-related gastrointestinal disorders
Approach

Animal Health

Human Health

Significant Gaps in Knowledge:
• Mechanisms driving poor performance and increased disease risk are
poorly understood
• Practical interventions are lacking
Moeser AJ. 2019
4 State Nutrition Conference, Dubuque, IA

Moeser AJ. 2019
4 State Nutrition Conference, Dubuque, IA

The Gut is Highly Sensitive to Stress
•
•
•

Major Depressive Disorder
Autism
Parkinson’s

What is gut health and
how do you measure it?

Gut-Brain Axis

•
•
•
•
•

Stress-related GI disorders
in people and Animals
Irritable Bowel Syndrome (IBS)
Inflammatory Bowel Disease (IBD)
Infectious enteritis
Functional diarrhea/constipation
Performance reductions

Moeser AJ. 2019
4 State Nutrition Conference, Dubuque, IA

1

The Largest Interface with the Outside World

Impacts of Weaning Stress on Gut
Barrier and Immune Function:
Lessons learned from the pig

Gut Health can be is defined by its critical functions

Impacts of Weaning Stress on Gut
Barrier and Immune Function:
Lessons learned from the pig

Moeser AJ. 2019
4 State Nutrition Conference, Dubuque, IA

The First Three of Postnatal Life is a Critical
Window of GI Development

Impactt off Earlyy Weaningg on
Intestinall Barrierr Function and Inflammation

Critical Window of GI Development
HPA Axis
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Moeser et al. Am J Physiol Gastrointest
Liver Physiol. 292:G173-81
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Does Weaning Age Matter?

Long-term Impact of Early Weaning on
Intestinal Barrier Function
.h
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Early Weaned Pigs Have Greater Intestinal Barrier
Injury In Response to Weaning

Are early weaned pigs
more stressed?
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Does early weaning influence Responses to
Later Life Challenges?
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Early Weaning Stress Leads to Heightened Clinical Disease in
Response to Subsequent Enterotoxigenic E. coli Challenge
Clinical Disease is more
severe in early weaned pigs

Immune response is suppressed
in early weaned pigs
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Early Life Stress and Long-term GI Development
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Early Weaning Stressed Pigs Exhibit Increased
Intestinal Mast Cell Numbers and Mediator Release

No Major Histological Differences Observed
Between Early and Late Weaned PIgs
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Mast Cells: Critical Innate Immune Effector
Cells Playing Diverse Roles in Health and
Disease

Mast Cells: Critical Innate Immune Effector
Cells Playing Diverse Roles in Health and
Disease

Beneficial roles
• Pathogen
defense
• Wound repair
• Resolution of
inflammation
• Tolerance
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Wouters et al 2015, Gut.
Moeser AJ. 2019
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Wouters et al 2015, Gut.

CRF1 and CRF2 are opposing regulators of mast cell
degranulation and intestinal permeability

Mast Cells Are Critical Regulators of Weaning
Stress-Induced Intestinal Permeability
Small Intestine

Colon

Moeser et al. Am J Physiol Gastrointest Liver Physiol.
293:G413-21, 2007

Stress neuropeptides, Antigens

Moeser AJ. 2019
4 State Nutrition Conference, Dubuque, IA

• Overman EL, Rivier JER, and Moeser AJ. 2012. PLoS One. 7(6):e39935
• Ayydurai, Moeser et al 2017 J Leuk Biol
• D’Costa et al. 2018 (J Allergy Clin Immunol, in press)

Moeser AJ. 2019
4 State Nutrition Conference, Dubuque, IA

How do Mast cells Increase Intestinal Permeability?

Take Home Points

Increased Intestinal Permeability
 Common production stressors
occur during the critical window
of GI development
TNFĮ

Proteases

 Early weaning stress induces
Early gut barrier breakdown
and inflammation
 Altered development of the GI
and immune system function


How are mast cells
regulated by stress?

Overman EL, Rivier JER, and Moeser AJ. CRF Induces Intestinal
Epithelial Barrier Injury via the Release of Mast Cell Proteases
DQG71)ĮPLoS One. 7(6):e39935
Moeser et al 2017, Animal Nutrition
Ayydurai, Moeser et al 2017 J Leuk Biol

 Mast cells are critical immune
drivers of stress-induced GI
injury

Moeser AJ. 2019
4 State Nutrition Conference, Dubuque, IA

Moeser AJ. 2019
4 State Nutrition Conference, Dubuque, IA

2

0 .0 0 5

H -m a n n it o l flu x , P m o l.c m

CRF receptor system

.h

Upregulation of CRF Signaling Pathways in
Early Weaned Pigs
*

0 .0 0 4

0 .0 0 3

0 .0 0 2

0 .0 0 1

3

0 .0 0 0

Unweaned

Weaned
+
vehicle

Weaned
+
Astressin B

CRF receptor
antagonist drug
Moeser et al. Am J Physiol Gastrointest Liver Physiol. 292:G173-81

Moeser AJ. 2019
4 State Nutrition Conference, Dubuque, IA

5

Replacement Heifers: How Many, What Kind,
and How Do We Manage it All?
Michael Overton, DVM, MPVM
Elanco Animal Health
Advisor – Dairy AnalyƟcs
moverton@elanco.com
Advancements in Dairy Breeding and Selection have
Created Both Opportunities and Challenges

Replacement Heifers:
How Many, What Kind, and How do
We Manage it All?

• Formerly:
– Bred everything (conventional)
– Kept all heifers that did not die

• Currently – options:
–
–
–
–

Sex-sorted semen
Beef semen
IVF embryos (dairy or beef)
Genomic testing

• Many questions to consider:
– What service sire should I use on each animal?
• Conventional, sexed, beef, or embryo
• How many heifers do I need to produce?
• Which cows should produce my replacements?

–
–
–
–

Michael Overton, DVM, MPVM

Which heifers do I keep?
When do I cull heifers that I do not need?
Should I use genomic testing?
How many (and which) cows should I cull?

©2019 Elanco or its affiliates.
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Common Question that I Get:
“How Many Heifers Do I Need?

Producing More Pregnancies is Just the Start…

• “IT DEPENDS…”

•
•
•
•

• It depends on the question being asked and on the timing:
– THIS month, need enough heifers to replace cows that need
to be culled (or would like to cull)
– If forecasting into the future…the questions can vary and the
answers will vary based upon many factors:

Stillbirths – what percent of births result in dead calves?
Mortality losses
Heifer culling due to chronic disease issues
Growth rate/nutritional management/age at first service

• Fertility – it’s a bigger issue than many realize
• Abortions…Pregnancies must survive to term

• How many do pregnancies do I need to produce?
• How many do I need to place into the hutches?
• How many do I need in inventory?

• Adult herd culling needs
• Herd size plans (expansion, no change, contraction)

EMͲUSͲ19Ͳ0016
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To Help Illustrate a Few of These Concepts, We’ll Use a
Data Set from Our Dairy Data Access System (DDAS)

When Considering “How Many Heifers Do I Need?”, the
Primary Consideration Should be the Anticipated Herd
Turnover

(Convenience sample of 30 dairy herds from across the US)

• Populations used:

Herd Turnover:
# Cows (milking and dry) that leave the herd
Average # of Cows (milking and dry) for the year

– 30 herds from across the U.S. (all herds are >90% Holstein)
– Average milking and dry, total across all herds = 99,955 cows
– Average youngstock inventory, total across all herds =
104,264 heifers
– Herd size range of 236 to 13,602, mean of 3,332
– DairyComp 305® backups were from December 2018

• Wide range of observed values: < 20% to > 50%
• Very commonly observed (US):
35% to 45%
• Why is there so much variation amongst herds?

EMͲUSͲ19Ͳ0016
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Think of a Dairy as a Closed Production System

Holstein Data Set from DDAS System

Replacement heifers
•Improved repro (cows and
heifers)
•Improved calf & heifer
performance
•Sexed semen

Sold & Dead Cows

Dairy Herd
(Milking and Dry)

•Disease
•Lameness
•Repro performance (cows)
•Genetic potential
•Economic opportunities

• There is a certain capacity of animals (milking and dry)
– If too many, overcrowded and decreased performance
– If too few, inefficient dilution of fixed costs
• First priority: improve management in order to reduce the risk of cows losing
value prematurely (death, disease, infertility, etc)
• THEN, culling should be driven by economics…
– Based on what is better for the current and long term profitability of the
herd and NOT some predetermined benchmark
EMͲUSͲ19Ͳ0016
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Given the Strong Relationship Between Heifer Numbers
and Herd Turnover, What Factors Impact the Number of
Heifers Produced?

Heifer Numbers (or Availability) and Herd Turnover Are
Highly Correlated (as expected)
•
•
•
•

Reproductive performance – heifers and cows
Sires used – conventional, sexed, or beef
Stillbirth (DOA) risk – heifers and cows
Heifer losses
– Early:
• Birth through weaning
• Weaning to entrance to breeding pen
• Breeding

– Late:
• Post-breeding to calving
EMͲUSͲ19Ͳ0016
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What is the Relationship Between 21-d Pregnancy Rate
(PR) and Calves Produced

What Factors Impact the Number of Heifers Produced?
•
•
•
•

• In reality, it depends on the pattern (timing) of pregnancy creation along with
the herd’s 21-d PR
• For this demonstration Æ our assumptions:

Reproductive performance – heifers and cows
Sires used – conventional, sexed, or beef
Stillbirth (DOA) risk – heifers and cows
Heifer losses

–
–
–
–

– Early:
• Birth through weaning
• Weaning to entrance to breeding pen
• Breeding

Herd with 1200 animals calving/year
Average abortion risk = 10%
Average culling risk = 34%
10 21-d cycles of breeding eligibility

21-d PR
% of Cows that Calve Again
# Calves Produced
# Heifers Produced
Difference from lower PR

– Late:

16%
60%
720
346

20%
63%
760
365
19

23%
66%
792
380
15

26%
67%
807
387
7

28%
68%
816
392
5

• Post-breeding to calving
– So, assuming 48:52% heifers:bulls and a 1000-cow dairy, a 28% PR in THIS
demonstration would yield 46 more heifers, assuming all else being equal
EMͲUSͲ19Ͳ0016

EMͲUSͲ19Ͳ0016

7

What Happens to Herd Turnover if Reproductive
Performance Improves?

About Those Service Sires…

• If pregnancy creation efficiency improves (more pregnancies and
fewer animals culled due to reproductive failure)
• AND assuming replacement heifer management and performance is
unchanged
• AND service sires used are similar
• AND if herd size is stable…
Herd Turnover MUST Increase

• Traditionally, herds used natural service or AI with
conventional semen
– Expected 45-48% heifer calves

• 10-20 years ago, herds often struggled to reach 18-20%
pregnancy rate
• As a result, herd turnover was limited (or producers
purchased heifers as needed)
• Now, there are options!

EMͲUSͲ19Ͳ0016
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Given that Heifer Numbers Typically Drive Herd Turnover,
What Drives the Number of Heifers Produced?

Potential Sire Options and Expected Fertility
Semen Type

Expected % Heifer
Replacements

Fertility Impact

Conventional

46-48%

Baseline

Sex Sorted

Up to 90%

-20 to -25% but animal selection
and superior management can
result in lower impacts

Beef

0%

None to slight improvement

•
•
•
•

Reproductive performance – heifers and cows
Sires used – conventional, sexed, or beef
Stillbirth (DOA) risk – heifers and cows
Heifer losses
– Early:
• Birth through weaning
• Weaning to entrance to breeding pen
• Breeding

– Late:
• Post-breeding to calving
Karakaya-Bilen, E., et al. (2018). Reproduction in Domestic Animals: 1-8.
Vishwanath, R. and J. F. Moreno (2018). Animal 12(s1): s85-s96.
EMͲUSͲ19Ͳ0016
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Stillbirth (DOA) Risk
(same 30-herd data set)

What Factors Impact the Number of Heifers Produced?
•
•
•
•

Reproductive performance – heifers and cows
Sires used – conventional, sexed, or beef
Stillbirth (DOA) risk – heifers and cows
Heifer losses
– Early:
• Birth through weaning
• Weaning to entrance to breeding pen
• Breeding

– Late:
• Post-breeding to calving

EMͲUSͲ19Ͳ0016
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“What %
become
pregnant?”
“What % of
pregnancies
actually calve?”

Heifer Dynamics
(birth through potential calving)

Putting it all together…How Many Heifers Are Needed Annually?
(using results of 30-herd data set)

On average:
• 19% of heifers failed to achieve
a pregnancy (but don’t confuse
this with a fertility issue)

Milking and Dry

1200

Herd Turnover

39.0%
468

# Cows Culled = # Heifers Needed to Calve

– Mortality
– Culling (sold)
– Repro failure (sold)

75.5%
92.8%
81.4%

% of Heifers Calving
% Preg Heifers that Calve
% Heifers that Conceive

• 7% of pregnant heifers failed to
calve

620

# Live Heifers Born

– Abortion losses
– Late culls
– Late mortality

5.6%

DOA Risk

656

# Heifer Births Needed
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Different Approaches to Creating Sufficient Number of
Heifers: Observations from the Field

How Many Heifers are Needed Annually?
(Scenarios for Consideration)

Milking and Dry

1200

1200

1200

1200

1200

1200

Herd Turnover

30.0%

40.0%

50.0%

40.0%

40.0%

39.0%

# Culled = # Heifers Needed
to Calve

360

480

600

480

480

468

% of Heifers Calving
% Preg Heifers that Calve
% Heifers that Conceive

83.6%
95.0%
88.0%

83.6%
95.0%
88.0%

83.6%
95.0%
88.0%

83.6%
95.0%
88.0%

73.6%
92.0%
80.0%

75.5%
92.8%
81.4%

431

574

718

574

652

620

5.0%

5.0%

5.0%

3.0%

5.0%

5.6%

453

604

755

592

686

656

# Live Heifers Born
DOA Risk
# Heifer Births Needed

• Very common:
– Use sexed semen for 1-3 services in virgin heifers

• Increasingly common:
– Also, use sexed semen for 1-2 services in lactation=1 +/lactation=2

• In herds aggressively using sexed semen, now starting to
see increased use of beef semen in lower end cows and
heifers
• Some herds are trying to move to all sexed or beef; plan is
to use NO conventional semen
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Putting it all together…Selecting Sires
Milking and Dry
Herd Turnover
# Culled = # Heifers to Calve
% of Heifers Calving
% Preg Heifers that Calve
% Heifers that Conceive
# Live Heifers Born
DOA Risk
# Heifer Births Needed
# Animals Conceiving

% Convent.
% Sexed
% Beef

Putting it all together…Selecting Sires

1200
39.0%
468
75.5%
92.8%
81.4%
620
5.6%
656
1200

Option 1
%F % Sires # Heifers
48%
83%
480
88%
17%
175
0%
0%
0
100%
656

Milking and Dry
Herd Turnover
# Culled = # Heifers to Calve
% of Heifers Calving
% Preg Heifers that Calve
% Heifers that Conceive
# Live Heifers Born
DOA Risk
# Heifer Births Needed
# Animals Conceiving
Option 2
% Sires # Heifers
50%
287
35%
370
15%
0
100%
656

Option 3
% Sires # Heifers
26%
150
48%
506
26%
0
100%
656

Option 4
% Sires # Heifers
0%
0
62%
656
38%
0
100%
656

% Convent.
% Sexed
% Beef
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1200
39.0%
468
75.5%
92.8%
81.4%
620
5.6%
656
1200

Option 1
%F % Sires # Heifers
48%
83%
480
88%
17%
175
0%
0%
0
100%
656

Option 2
% Sires # Heifers
50%
287
35%
370
15%
0
100%
656

Option 3
% Sires # Heifers
26%
150
48%
506
26%
0
100%
656

Option 4
% Sires # Heifers
0%
0
62%
656
38%
0
100%
656

Producing a Large Excess of Heifers Has Become an
Economic Concern

Estimating the Cost per Heifer Raised

• Due to a combination of excess heifer inventory and low milk prices,
replacement heifer values have plummeted and are well below actual
cost of production:
Jan-18
Oct-18
Jan-19
Arizona
California
Florida
Idaho
Michigan
Minnesota
New York
Ohio
Pennsylvannia
Texas
Virginia
Wisconsin
United States

$1,700
$1,500
$1,530
$1,600
$1,600
$1,500
$1,750
$1,450
$1,440
$1,600
$1,370
$1,470
$1,520

$1,450
$1,200
$1,260
$1,350
$1,400
$1,200
$1,450
$1,100
$1,400
$1,450
$1,120
$1,180
$1,230

Assumptions used in the model:
• Newborn heifer value
$60
• Birth weight
88 lbs
• Breeding weight
884 lb (57% of mature weight & 51” WH)
• Labor/ hr
$15
• Interest
6%
• AI cost/ service
$18
• Large dairy using hutches, 100% milk replacer, outdoor
housing, and TMR feeding

$1,250
$1,100
$1,250
$1,120
$1,180
$1,050
$1,040
$1,000
$1,050
$1,300
$970
$1,120
$1,140

Source: USDA NASS Ag Prices Report, March 28.2019, p. 21
https://downloads.usda.library.cornell.edu/usda-esmis/files/c821gj76b/f7623m42k/k0698f528/agpr0319.pdf,
last accessed on 4/20/2019
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Estimated Cost of Raising Heifers
Post
PostGrowing Breeding
Close-up
Wean
breeding
Birth to 2 2 to 4
4 to 10 10.0-15.3 15.3-20.9 20.9-22.9
3.50%
1.75%
1.00%
0.50%
0.30%
0.25%
0.0%
0.0%
0.0%
0.0%
7.0%
0.0%
$16
$164
$22
$71
$5
$217
$262
$311
$153
$203
$76
$217
$262
$311
$153
$48
$10
$12
$33
$14
$30
$18
$5
$8
$3
$3
$15
$35
($61)
$30
$19
$12
$11
$13
$7
$2
$3
$16
$24
$34
$14
$301
$113
$266
$368
$313
$220
$4.78
$1.92
$1.45
$2.11
$1.83
$3.61
88
198
325
702
1037
1341
198
325
702
1037
1341
1443
2.16
2.06
1.92
1.77
1.68
1.75
1.75
1.95
2.02
1.98
1.93
1.91
Hutch

$301
$4.78
$364

$419
$3.44
$484

$689
$2.26
$756

$1,061
$2.22
$1,130

$1,457
$2.24
$1,534

$1,682
$2.37
$1,760

Total

Stage

22.8
7.30%
6.5%
16
164
22
71
5
943
$1,296
$158
$55
($24)
$100
$97
$1,682
$2.37

Age in months
Mortality
Culled (sold)
Colostrum*
Milk*
Starter*
Grain*
Hay*
Feed (TMR)*
Total Feed*
Labor*
Vet Med/ Health*
Breeding & Culls*
Housing and Other*
Interest*
Total Cost*
Cost/ Day
Entering Weight (lb)
Exit Weight (lb)
Average daily gain (lb)
Cumulative ADG (lb)
Cumulative from birth
Total Cost*
Cost/ Day*
Cost Including Wet Calf*

1443
1.91
$1,682
$2.37
$1,760

Estimated Cost of Raising Heifers

Cumulative Cost by End of Each Stage
Hutch

Post
Wean

Birth to 2

2 to 4

$364

Growing Breeding

PostClose-up
breeding

4 to 10 10.0-15.3 15.3-20.9 20.9-22.9

$484

$756

$1,130

$1,760

$1,534

* Adjusted for death loss
EMͲUSͲ19Ͳ0016
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For the Next Slide, Will Examine the Cost of Extra Culling
during the Raising Period

Culling Loss Estimates

(over and above mortality and reproductive culling)

• Assumptions:
– Same baseline assumptions as before

Starting age

0.0

2.1

4.1

10.1

15.3

20.9

Ending Age (mos)

2.1

4.0

10.0

15.2

20.8

22.8

– Same mortality risk by stage

Number of performance culls for stage

– Initial heifer population = 1,000

Total Cost for heifer completing stage

Median days to cull for stage

• 50 culled after weaning

Weight of cull (lb)

• 40 culled after the grower

Beef value ($/lb)

– Cull values based on projected body weight at time of culling
and published market values for slaughter Holstein heifers (4
sources around the US)

0

50

40

0

0

0

63

14

14

30

60

14

$364

$498

$786 $1,164 $1,574 $1,802

229

354

760

1143

1364

$0.71

$0.77

$0.74

$0.69

$0.90

$789 $1,200

Beef value ($/head)

$162

$273

$562

Cost of raising to point of cull

-$413

-$531

-$854 -$1,301 -$1,608

Loss per heifer culled

-$251

-$258

-$291

-$513

37
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-$408
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Comparison of Baseline vs. Culling Strategy
Baseline
Hutch
Birth to 2
3.50%
0.0%

Post
Wean
2 to 4
1.75%
0.0%

Growing

Breeding

4 to 10
1.00%
0.0%

10.0-15.7
0.50%
0.0%

Comparison of Baseline vs. Culling Strategy

Culling Strategy
PostClose-up
breeding
15.7-21.4 21.4-23.4
0.30%
0.25%
7.0%
0.0%

$16
$164
$22
$71
$5
$203
$48
$18
$0
$30
$2
$301
$4.78
88
198
1.75
1.75

$76
$10
$5
$0
$19
$3
$113
$1.92
198
325
2.16
1.95

$217
$217
$12
$8
$0
$12
$16
$266
$1.45
325
702
2.06
2.02

$262
$262
$33
$3
$35
$11
$24
$368
$2.11
702
1037
1.92
1.98

$311
$311
$14
$3
($61)
$13
$34
$313
$1.83
1037
1341
1.77
1.93

$153
$153
$30
$15
$0
$7
$14
$220
$3.61
1341
1443
1.68
1.91

$301
$4.78
$364

$419
$3.44
$484

$689
$2.26
$756

$1,061
$2.22
$1,130

$1,457
$2.24
$1,534

$1,682
$2.37
$1,760

Stage

Hutch

Age in months
Birth to 2
3.50%
7.3% Mortality 7.1%
6.5% Culled (sold) 14.9% 0.0%
Colostrum*
$16
Milk*
$164
Starter*
$22
Grain*
$0
Hay*
$0
Feed (TMR)*
$0
Total Feed*
$203
Labor*
$48
Vet Med/ Health*
$18
Breeding & Culls*
$0
Housing and Other*
$30
Interest*
$2
Total Cost*
$301
Cost/ Day
$4.78
Entering Weight (lbs)
88
Exit Weight (lbs)
198
Average daily gain (lbs)
1.75
Cumulative ADG (lbs)
1.75
Cumulative from birth
Total Cost*
$301
Cost/ Day*
$4.78
Cost Including Wet Calf*
$364

Post
Wean
2 to 4
1.75%
5.2%

Growing

Breeding

4 to 10
1.00%
4.5%

10.0-15.7
0.50%
0.0%

PostClose-up
breeding
15.7-21.4 21.4-23.4
0.30%
0.25%
7.0%
0.0%

Baseline
Hutch
Birth to 2

$72
$5
$77
$10
$5
($9)
$20
$4
$107
$1.82
198
325
2.16
1.95

$218
$218
$13
$9
($13)
$13
$17
$256
$1.40
325
702
2.06
2.02

$262
$262
$35
$3
$35
$12
$24
$371
$2.13
702
1037
1.92
1.98

$311
$311
$15
$3
($62)
$14
$35
$316
$1.84
1037
1341
1.77
1.93

$153
$153
$32
$15
$0
$8
$15
$222
$3.65
1341
1443
1.68
1.91

$430
$3.53
$498

$711
$2.34
$786

$1,087
$2.27
$1,164

$1,489
$2.29
$1,574

$1,715
$2.41
$1,802

38

©2016 Eli Lilly and Company, its subsidiaries or affiliates.

7.3%

PostClose-up
breeding
10.0-15.7 15.7-21.4 21.4-23.4
7.1%

6.5%
14.9%
Post Wean Growing
Breeding

2 to 4

$364

$484

4 to 10
$756

$1,130

$1,534

$1,760

Culling Strategy
Hutch
Birth to 2

PostClose-up
breeding
10.0-15.7 15.7-21.4 21.4-23.4

Post Wean Growing Breeding
2 to 4

$364

$498

4 to 10
$786

$1,164

What if I Already Have Too Many Heifers in the Pipeline?
(current youngstock plus known pregnancies)

$1,802

39
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$1,574

USDBUNON01783(1)
USDBUNON01783(1)

Can We Use Data Contained In The Record System
To Make Improved Culling Decisions?

• Options:
– Do nothing now – current cash flow drain…

• What data are useful predictors?

• Sell springers later (hope for higher prices…)
• Cull more cows (possibly for dairy purposes?)
• Expand the herd

• What impact does culling some heifers have on the
cost of the ones that successfully complete the raising
process and calve?

– Cull some heifers

• What is the value of using data during the heifer raising
period to cull heifers at high risk for poor first lactation
performance?

• Which should you cull?
• When should you cull them?

• Plan to breed more selectively moving forward
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Herd Data Analysis

Inclusion Criteria

• Two large dairy herds from two geographically diverse
areas of US
• Heifers born during 2013 were evaluated using records
from DC305
• Goals:

• Heifers had to have the following information recorded to
be included in the project:
– Current Dairy Gain 2 (CDG2) – daily gain adjusted to a 61-d
weaning age
– Predicted Transmitting Ability – Milk (PTAM)
– Current Dairy Gain 3 (CDG3) – daily gain adjusted to 91-d of
age

– Determine if potential culling candidates can be accurately
identified during the heifer rearing process
– What is the value of using this approach if there are more
heifers than needed in the pipeline?

EMͲUSͲ19Ͳ0016
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Descriptive Information about the Two Herds

Descriptive Information about the Two Herds
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Descriptive Information about the Two Herds

Developed Three Potential Approaches (Models) for
Consideration in Selecting the “Wean Culls”

20,540lb

• Original Approach: Select heifers that are below the lower
quartile cut points for CDG2 and PTAM
• More Selective: Select heifers that are below the lower
quartile cut points (CDG2 and PTAM) and had Pneumonia
recorded by 60 d of age

20,190lb

• Less Selective: Select heifers that are below the lower
quartile cut points (CDG2 and PTAM) or had Pneumonia
recorded by 60 d of age
EMͲUSͲ19Ͳ0016
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Created Culling Criteria for Post-Weaning Evaluation

First Herd: MW

• First, eliminated the heifers that died or were sold by the
dairy prior to 63 days of age
• Then, if below the lower quartile for both CDG2 (1.64) and
PTAM (46), identified them as “Wean Cull”

EMͲUSͲ19Ͳ0016
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Culled at Weaning

Not Culled at Weaning

Culled at Weaning

EMͲUSͲ19Ͳ0016

Not Culled at Weaning
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Results of Different Approaches for Selecting “Wean Culls”
More Selective: Below Cut
Points AND Pneumonia by 60 d

Original Approach

7.3%

Next, “Removed” the “Wean Cull” Heifers and the FarmRemoved Heifers Prior to 120-d and Re-Evaluated the
Performance of the Remaining Heifers at 120 d of Age

Less Selective: Below Cut
Points OR Pneumonia by 60 d

0.6%

10.7%

Not Wean Cull minus
Wean Cull (LS Means)

1249 lb

1421 lb

813 lb

Not Wean Cull minus Full
Population (LS Means)

625 lb

711 lb

406 lb

Continued the analysis with the Original Approach
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Repeated the Three Different Selective Models as with the
Weaning Evaluation

Created Culling Criteria for Grower Evaluation

Original Approach

• If below the lower quartile for CDG3 (1.74) and PTAM
(112), identified them as “Grower Cull”

7.4%

More Selective: Below Cut Points
AND Pneumonia by 120 d

Less Selective: Below Cut
Points OR Pneumonia by 120 d

0.9%

Not Grower Cull minus
Grower Cull (LS Means)

561 lb

908 lb

309 lb

Not Grower Cull minus Full
Population (LS Means)

281 lb

454 lb

155 lb

Continued the analysis with the Original Approach
EMͲUSͲ19Ͳ0016
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10.3%

Repeated the Process for Herd WC

Assuming that We Can Predict Which Heifers will be of
Lower Value, What is the Impact on the Cost of Raising?

Herd Comparisons
CDG2
Original
Model

% Culled
Difference
Lift

More
Selectiv
e

% Culled

7.3%

6.9%

• To examine this question, created three scenarios:

CDG3
Original
Model

MW

WC

% Culled

7.4%

3.9%

911 lb

Difference

561 lb

1082 lb

625 lb

456 lb

Lift

281 lb

541 lb

% Culled

0.9%

1.0%

Difference

908 lb

1136 lb

Lift

454 lb

568 lb

% Culled

10.3%

18.7%

0.6%

1.6%

1421 lb

1280 lb

711 lb

640 lb

Lift
Less
Selectiv
e

WC

1249 lb

% Culled
Difference

MW

More
Selectiv
e

Less
Selectiv
e

10.7%

21.6%

Difference

813 lb

634 lb

Difference

309 lb

602 lb

Lift

406 lb

317 lb

Lift

155 lb

300 lb

– Cull selected heifers post-weaning
– Cull selected heifers post-weaning and post-grower
– Cull selected heifers post-weaning and at springer stage

• Assumptions used:
– Housing costs are fixed: i.e., with additional selective culling,
cost/remaining heifer for cost of housing increases
– Labor costs are partially fixed: i.e., with additional selective
culling, cost/remaining heifer are treated as 50% fixed, 50%
variable based on # of heifers
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With Good Data and Careful Analyses, Selective Pressure
Can Be Applied to Replacement Programs to Improve the
Quality of Heifers Calving

Estimated Value Minus Raising Cost for Each Scenario by Herd
(using modeled least square means estimates)
Scenario 1: Cull Selected
Heifers at Post-Weaning

Scenario 3: Cull Selected
Scenario 2: Cull Selected
Heifers at Post-Weaning and Heifers at Post-Weaning and
at Springer Stage
Post-Grower

Baseline

Baseline

Herd MW
Total Raising Cost per
Heifer Calving
Predicted Value per
Heifer Calving

Scenario

Net

$1,760

$1,934

Net Benefit (or Cost) of
Scenario

$174

Predicted Value per
Heifer Calving
Net Benefit (or Cost) of
Scenario

$1,760

$1,838

$141

Net

Baseline

Scenario

($73) ($1,760) ($1,840)
$78

$1,760

$1,838

$5

($2)

Baseline

Baseline

Scenario

Net

Scenario

$1,760

$1,887

$127

$1,760

$1,911

$94

Net

– In these examples, and extra 14.7% or 10.8% of heifers
were culled, depending on the herd
– MUST have good records to make more accurate decisions

$78

Scenario 3: Cull Selected
Scenario 2: Cull Selected
Heifers at Post-Weaning and Heifers at Post-Weaning and
at Springer Stage
Post-Grower

($1,760) ($1,793) ($33) ($1,760) ($1,812)

• BUT, there MUST be extra heifers for this program to work

Net

($80)

Scenario 1: Cull Selected
Heifers at Post-Weaning

Herd WC
Total Raising Cost per
Heifer Calving

Scenario

($1,760) ($1,793) ($33) ($1,760) ($1,833)

Baseline

Scenario

Net

($52) ($1,760) ($1,817)

($57)

$151

$151

$1,760

$99

$1,911

• This approach needs to be repeated across herds to
validate the process
• Highly unlikely that a single modeling approach will work
across all herds
– Will need to develop customized approaches for each herd

$94
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Summary

ThanksForYourAttention!

• Advancements in dairy breeding and selection have created opportunities and
challenges for dairies
• Careful management can promote faster genetic progress and improved cash
flow

MichaelOverton,DVM,MPVM

– Sexed semen to top animals, beef semen on bottom cows
– But remember the fertility impacts as well…

(706)248Ͳ4664

• Err on the side of caution in terms of heifer numbers

moverton@elanco.com

– A large excess is costly but not having enough to cull properly might be more
costly in the long term

• By using growth performance and genetic information, excess heifers can be
culled, leading to better quality heifers at calving (but there are still costs…)
• Finally, strive to reduce the risk of premature loss of value in heifers (and in
cows) through improved feeding, housing, and preventive care
– But, replace animals in a timely manner based on economic decision making
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Cattle Welfare: Understanding Welfare Standards
to Protect and Uncover Profit Opportunities
Michelle Calvo-Lorenzo
Elanco Animal Health
Greenfield, IN 46140
mcalvo-lorenzo@elanco.com
IntroducƟon

welfare and encompass the biological func oning,
aﬀec ve state, and natural living condi ons of an
animal. Although the three schools are widely recognized among the scien fic and research community,
the importance of understanding and applying this
basic framework at the caregiver level is cri cal during training exercises and protocol development that
is grounded on accepted standards. Given that the
three schools can and do overlap, the management
of ca le should extend beyond measures of health
and produc on to include the mental state and behavioral expression of animals (von Keyserlingk et al.,
2009).

The topic of animal welfare in the dairy industry
resonates strongly with the general public today as
both consumers and livestock caregivers demonstrate growing interest in the quality of life of dairy
animals. Over the past several decades, there has
been great progress seen within the dairy industry;
however, the welfare conversa ons and future vision
of dairy farming is con nuously evolving (Weary
and von Keyserlingk, 2017). For instance, research
ques ons and ethical decisions for animal welfare in
the 1983 dairy industry were centered on behavior,
stress, objec ve assessments, animal sen ence, and
a moral obliga on to maximize welfare (Fox et al.,
1983). Whereas in 2017, welfare eﬀorts and focus
have been centered on balanced and applicable science, objec ve and subjec ve assessments, increasing two-way engagement with concerned people,
demonstrate compliance with accepted standards,
and posi oning the industry as a leader in welfare
(Weary and von Keyserlingk, 2017). As the focus of
discussion, training, and ac on in the welfare space
con nues to evolve, there have been many standards
and resources developed to assess and address such
issues in the dairy industry, amongst other livestock
industries (FARM, 2019; PAACO, 2019; OIE, 2019). In
order for welfare science and expert guidance to connuously drive eﬀec ve advancements in the dairy
industry, animal welfare issues must be addressed
in a holis c manner whereby aspects beyond health
and produc on of ca le welfare are met, in addi on
to the welfare needs of their caregivers (von Keyserlingk et al., 2009).

There are two federal livestock animal welfare laws
in the U.S, which are limited to animal transporta on
and slaughter: the Twenty-Eight Hour Law and the
Humane Methods of Slaughter Act. Currently, there
are no U.S. federal laws that regulate the management of livestock and poultry, however, various
animal industry groups have established voluntary
guidelines containing best management prac ces
(Weimer et al., 2018). Welfare defini ons, guidelines,
and audits for dairy ca le are available on both the
domes c and global scale, including those published
by the Na onal Milk Producers Federa on (FARM,
2019), the World Organiza on for Animal Health (OIE,
2019), the Professional Animal Audi ng Cer fica on
Organiza on (PAACO, 2019), and many other standards provided by private organiza ons (for example,
Dean Foods Dairy Stewardship Program). Given that
consumer skep cism con nues to grow and there is
a wide range of personal values and beliefs that drive
welfare concerns and buying behaviors across consumers (CFI, 2017; von Keyserlingk et al., 2009), it is
important to ensure that dairy managers and ca le
caregivers remain science-based in their prac ces
and can demonstrate compliance to accepted standards. Several methods of verifying compliance exist,
which include obtaining cer fica on by a 1st, 2nd,
and/or 3rd party auditor (Weimer et al., 2018). The
1st and 2nd party auditors may not be considered as
fully independent by an outsider (because 1st party
auditors are employed by the dairy company and 2nd
party auditors are employed by a stakeholder group
or allied industry); however, they are the par es that
help implement the changes needed in prac ces

Welfare Standards and Tools
The area of welfare science, standards, and policy is
vast. Animal welfare standards for livestock take the
form of laws, guidelines and cer fica on programs
(Weimer et al., 2018). When ca le caregivers adopt
appropriate prac ces relevant to their region and
segment within the dairy industry, it is important
that they understand (1) the accepted standards and
(2) the ways of demonstra ng compliance to such
standards. The three schools of welfare (Fraser et
al., 1997) have served as the scien fic basis for most
accepted standards and/or defini ons of animal
15

and culture as iden fied by the assessment/audit.
Third-party auditors are independently contracted,
and therefore have no associa on with the producer
and are not invested in the success of the producer’s
dairy. Thus, a 3rd party auditor may bring a level of
confidence to outsiders given the nature of their unbiased and independent posi on, but this should be
balanced with the recogni on that these auditors do
not directly drive change at the farm level.

al., 2013; Hagevoort et al., 2017; Daigle and Ridge,
2018). In addi on to the language and literacy barriers, there are many other challenges that workers
likely encounter on and oﬀ the farm that can have
direct and indirect impacts on the care and a enon they provide to ca le. For instance, there may
be internal farm challenges and external personal
challenges that may impact worker performance in
the workplace, aﬀect the animals in their care, and
ul mately result in high turnover rates typically seen
in the agricultural sector (Daigle and Ridge, 2018).
Unfortunately, there are very li le to no metrics
available to eﬀec vely quan fy or evaluate dairy
worker performance, job sa sfac on, and related
impacts on ca le welfare and produc vity (Hagevoort et al., 2013; Hagevoort et al., 2017). There is
also a disconnect on the value placed on stockpeople
(compensa on, workload, ergonomics, percep on by
society, etc.) and this subject is not o en proac vely
addressed on farms (Hagevoort et al., 2013; Daigle
and Ridge, 2018). Although scien fic tools such as
science-based strategies, best management pracces, and audits/assessments are essen al for idenfying and managing the factors that pose risks to
animal welfare, the understanding of challenges and
lack of metrics related to worker welfare is as essenal for dairy ca le welfare.

Overcoming welfare issues as an industry
It is cri cal that the dairy industry is commi ed to
working together and communica ng as an industry
to find solu ons that address industry-wide welfare concerns. One par cular welfare issue that will
require an industry-wide approach in leadership is
the issue of compromised culled dairy cows arriving
at slaughter facili es. Although this is a significant
welfare concern recognized by many within the supply chain, compromised dairy ca le that are unfit
for transport con nue to arrive at slaughter facilies in the U.S., which casts doubt on the priori es
that supply chain stakeholders have on produc on
and finances versus cow welfare (Edwards-Callaway
et al., 2019). One example that can be learned on
addressing welfare issues aﬀec ng mul ple stakeholders is the response and ac ons taken by the beef
industry when significant observa ons were made on
impaired fed ca le mobility in 2013 (AVMA, 2013).
In addressing this issue as an industry, the feedlot,
packer, and allied industry segments came together
and not only established new methods of scoring
ca le specific to this welfare concern, but developed
research studies and industry benchmarking programs to monitor trends in abnormal mobility across
the U.S. and understand the factors associated with
impaired mobility for the be erment of beef ca le
and the industry (Edwards-Callaway et al., 2017). The
development of these tools has brought increased
awareness and training emphasis on the importance
of low-stress strategies during the final feeding and
transport stages of fed ca le.

Conclusion
Animal welfare is a con nuously evolving issue, yet a
topic that resonates strongly with the general public and all stakeholders of the dairy supply chain. In
order for the dairy industry to posi on itself as a trailblazer in animal welfare, leadership is needed across
the industry to drive advancements in understanding
and adop ng welfare standards, demonstrate shared
values and compliance with accepted standards,
and foster new ways of collabora ng together as an
industry. Furthermore, new methods of addressing
ca le welfare-related issues may require a shi in
farm leadership skills, approach, or training, because
the industry must focus eﬀorts on its people as part
of its focus on animals. Given the increased need and
dependency of a skilled and stable workforce to carry
out ca le management needs in dairies, new tools
must account for the physical and mental well-being
of owners, managers, and hired labor of dairies.

Another important area that will be cri cal for the
dairy industry to work in partnership across all stakeholders within the supply chain includes overcoming
the barriers that aﬀect the welfare of the workforcethe ‘boots on the ground’ workers and drivers that
directly interact with ca le (Hagevoort et al., 2013;
Daigle and Ridge, 2018). It is known that dairy farming is among the most dangerous of occupa ons and
modern dairies have become increasingly reliant on
the diverse immigrant workforce (many with li le
dairy experience) to perform the cri cal responsibilies of ca le care and feeding, par cularly as dairy
businesses and produc vity expand (Hagevoort et
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FeedCostvsFeedEfficiency

MaximizingWholeFarmFeedEfficiency

DailyMilkProduction/c,lbs
80

85

90

95

100

$6.80

$7.23

$7.65

$8.08

$8.50

IncreasedDailyFeedCostvsbase,$

$0.43

$0.85

$1.28

$1.70

EstimatedDailyFeedCostvsBase,$

$0.26

$0.52

$0.78

$1.04

PotentialDailyDifference,$

$0.17

$0.33

$0.49

$0.66

PotentialDailyFeedCost/c

$7.06

$7.32

$7.58

$7.84

EstimatedFeedCost/cwt

$8.31

$8.13

$7.98

$7.84

DailyFeedcost/c@$8.50/cwt

June12,2019
Dubuque,IA
Dr.MichealBrouk
mbrouk@ksu.edu
785Ͳ565Ͳ3434

2017PercentageofTotalCostofDairyProduction
3%3% 2%
4%
4%
4%

2
Hay,Silage,
Farming

1.5

Labor

10%
10%
Genske,MolderCompany

2.5

Grain

32%

USDAMilkͲFeedPriceRatio

3

1

Herd
Replacements

0.5

Interest,Rent

0
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

28%

2017

2018

FirstThingsFirst

ThoughtstoConsider
• Efficientuseoffeedstuffs

¾ProductionCycle

– Measured?

28%
11%

– Transition

• Dairyorwholefarm
• Perunitofmilk,cow,totalcost
• Financialimpact

• 3wks preͲcalving
• 3wks postͲcalving

– Accountingforfeedstuffloss

¾Reproduction

• Physical
• Financial

– DaysinMilk
– PregnancyRates

• Economicopportunity?
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5%
28%

28%

Pregnancy
Ratesof
Cooledand
NonͲCooled
Cows
Cooledcows=<102.2ºF (39ºC) BodyTemperature
NonͲCooledCows>103.1ºF(39.5ºC)Body
Temperature
Flamenbaum,2012

80
70

Cooled

60
50
40
30
20
10
0
PregRate
90DIM

• PreͲFresh

PregRate
150DIM

Focus

– HealthStart
– CowComfort
– AbsenceofMetabolicDisease

Impact
on Impacts of Weaning Stress on Gut
Dry Barrier and Immune Function:
Cow Lessons learned from the pig
Cooling

• EarlyLactation– 150DIM
– PeakMilk
• 1poundPeak=250– 300poundsonlactation

– Intake
• 1poundincreasedDMI=2.5to3poundsofmilk

– CowComfort
– CowHealth
– Reproduction

Conception
RatesofCooled
and
NonͲCooled
Cows
Cooledcows=<102.2ºF (39ºC)BodyTemperature
NonͲCooledCows>103.1ºF(39.5ºC)BodyTemperature
Flamenbaum,2012

PregRate
120DIM

70
60

Cooled

NonͲCooled

Effectof
PreͲFresh
Cow
Cooling

50
40
30
20

Figure1.Milkyieldofcowsexposedtoheatstressorcooledduringthedryperiod.
Dryperiodcoolingincreasedyieldrelativetoheatstress.Cowsweremanaged
identically,includingcooling,duringlactation.RedrawnfromTaoetal.,2011.

10
0
FirstService
Conception

ConceptionRate
AllServices
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DryCowCooling
•
•
•
•
•

IncreasedCBT

MissedOpportunity
RelativelyInexpensivetoInstall
HeatStressMonths4Ͳ5
TrackSuccessofCowsDryJune– August
TrackSuccessofCowsCalvingJuneͲ September

• Milkproductiondropswhenrectaltemps
exceed39°C(102.2F)formorethan16h
(Igono andJohnson,1990)
• Milkyielddeclines1.8kgforeach.55°C
increaseinCBTabove38.9°C(Johnson,1963)
– 39°CÆ39.5°C=dropof1.8kgor4lbs.ofmilk

AdditionalTransitionConsiderations
• FeedAdditives
– Monensin
– BͲVitamins
• Choline
• Niacin

Airflowpatternfrom36”fansmountedevery24ft

15 to 25 pound drop each summer !!!!
$2.40 to $4.00/c/d
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HowtoMake$50,000

Airflowpatternfrom72”fans(ECVC)mountedevery50ft

¾ Increasemilkprice
¾500cows@85lb/cow=$0.32/cwt

¾ Increasemilkproduction
¾500cows@$16/cwt=3.2lbs/cowdaily
¾ Reducefeedshrink
¾ 4%@$7.50dailyfeedcost

CanYouMeasureTrueFeedCost?

RealFeedCost

ShrinkͲ

$8.25

AmountDelivered
AmountFed
DifferenceisShrink

$8.00
Feed
$7.75
Cost,
$/cow/d
$7.50

Factors
Moisture
Spoilage
Losses

$7.25
$7.00

HerdSize

No Shrink

Shrink

$7.50

$8.25

Reduced
Shrink
$7.88

Wind
Animals

Annualloss@$7.50FeedCost
/cowdaily
8%

10%

WhatCan’tBeMeasured
Can’tBeManaged!!!!!!

12%

Ingredient

Herds

Range,%

Weighted mean,%

CornSilage
(PileorPit)

15

4.8 – 16.0

9.1

CornSilage
(Bag)

8

6.5– 14.0

9.9

Haylage
(PileorPit

12

5.6– 16.0

10.2

Haylage
(Bag)

11

8.5– 17.0

10.7

500

$109,500

$136,875

$164,250

1,000

$219,000

$273,750

$328,500

1,500

$328,500

$410,625

$492,750

Bulky
Ingredients

14

3.5– 14.0

11.3

2,000

$438,000

$547,500

$657,000

Wet
Byproducts

13

12.0– 40.0

23.0

Bagged
Ingredients

16

2.0– 19.0

8.1

Greene,2014
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WhereistheShrinkonYourFarms?
Storage Type

Herds

Range,%

Weighted mean,%

FeedCenter
(3ͲSided)

16

2.5– 11.0

6.7

Feed Center
(Enclosed)

5

2.0– 7.0

4.0

Upright/OverͲ
headStorage

7

2.0– 7.0

4.0

Greene,2014

ExampleofShrinkinaCommodityBarn
• DryDistillers
– 8.4%

• CanolaMeal
– 3.5%

• WholeCottonSeed
– 5.2%

• Mineral
– 1.6%

• FlakedCorn

$0.13/c/day
4,500 cows
$213,525/yr

– 2.7%

AttitudesonShrinkControl
¾ LackofData
¾“Can’tManageWhatYouCan’tMeasure”

¾ CostofDoingBusiness
¾ OutofSightOutofMind

HayBales
RollTarps
Brooms

¾ NotWorthMyTime
¾ PotentialProfitOpportunity
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Reduced
Shrink
InitialCost
Inventory

500 Cow Dairy
Annual Savings
32.5 tons SBM =
$12,350
20 minutes/load
4 hr/d or
1,460hr/year
$73,000/yr

ReceivingDrive
FeedMixingDrive
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FeedCenters

CostofDeliveryError

Deviation
Wt, lb

Cost/lb,$

Cost/Mix
$

Corn Silage
Alfalfa Hay

120
90

0.025
0.125

3.00
11.25

Corn

20

0.071

1.42

¾ ReductioninFeedingTime

SBM

20

0.20

4.00

¾ ReductioninEnergyConsumption

Premix
Molasses

30
20

0.45
0.060

13.50
1.20

¾ ReducedShrink
¾<2%

¾ IncreasedMaterialHandlingEfficiency

¾ PaybackOpportunity

$0.229
cow/day

$83,634

$34.37

1000 cows/year

ImprovingFeederAccuracy
• Trackingprogram
• DMofwetfeeds
• Premix– smallinclusionͲ 5lb/head
• Loaderbucketsize
• Regularreviewofdata

Target
Wt, lb

FeedDeliveryErrors

Loaded Deviation % Error
Wt, lb
Wt, lb

Corn Silage

9,000

9,120

120

1.3

Alfalfa Hay

3,200

3,290

90

2.8

Corn

2,000

2,020

20

1.0

SBM

800

820

20

2.5

Premix

400

430

30

7.5

Molasses

100

120

20

20.0

150 Cow Mix
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ImpactofFeedingSpoiledSilage
toSteers

WhatisYourSilageStorageLoss?
• Fermentation– 6%ofDM

Item

• Seepage– 1%ofDM
• Surface– upto50%ofDM

Intake,lb

• Feedout – 5Ͳ 15%ofDM

%Reduction

• TypeofStorage

NDF
Digestibility,%

–
–
–
–

Bags– 10Ͳ 12%
Bunkers– 15Ͳ 20%
Piles– 15Ͳ 25%
Towers– 10Ͳ 12%

0%
Spoiled

25%
Spoiled

50%
Spoiled

75%Spoiled

17.5

16.2
7.4
59.5

15.3
12.6
56.0

14.7
16.0
51.0

63.0

7% Decrease in DMI = 3.5 lb of DMI = 10.5 lb of milk

Bolsen, 2004

AnnualCostofSilageLoss
1,000Cowsfed30lb/c/dofsilage

AdditionalBenefits
• Reducedloss=IncreasedForageQuality
– 30lb feedingrate

TonsandAcresRequired
forAnnualSilageShrink

SilageManagement
• ReducedLossesofDMandNutrients!!

Amount of Shrink, %
20

25

– Canyoumeasurethis?

5

10

15

Extra
Tons

274

548

821

1,095 1,369 1,643 1,916

Extra
Acres

9.1

18.3

27.4

36.5

45.6

66cows/ton

30

54.8

35

• ReduceSecondaryFermentation
– SiloFaceSize
– FaceManagement
– PackingandCovering

63.9

• ImproveMilkProduction

1,000 cows fed 30 lbs silage per day
Acres estimated based on a yield of 30 ton/acre

• ReduceFeedCostpercwtofMilk
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KeystoSilageSuccess
•
•
•
•
•
•
•
•

SiloSizingandSelection
HybridSelection
HarvestMoisture
HarvestQuickly
Inoculants
PackingDensity
Covering
FeedingManagement

QuotesfromJohnWooden
¾ “Donotletwhatyoucannotdointerferewith
whatyoucando.”
¾ “It'sthelittledetailsthatarevital.Littlethings
makebigthingshappen.”
¾ “Failingtoprepareispreparingtofail.”
¾ “Failureisnotfatal,butfailuretochangemight
be.”
¾ “Makeeachdayyourmasterpiece.”

WholeFarmEfficiency
• TaketheRightMeasurements
• UtilizetheData
• FocusontheRightThings
– Cows
– Forages
– CowComfort

• BeConsistent
• InvolvetheWholeTeam
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How to Survive Tough Economic Times
Gary Sipiorski
Vita Plus, Madison, WI
gsipiorski@vitaplus.com
It certainly goes without say that the last 4 ½ years
have been the most trying mes in the business of
milking cows. Many farmers remember 2009 as a
very diﬃcult year. However, it was only one year
then margins got be er. The landscape of the industry going forward will con nue to consolidate and
look much diﬀerent. It appears a $15 to $17 milk
price may be the range dairy farmers may have to live
with.

c. A projected Cash Flow must be done before
the end of the current year or shortly a er the
new year begins.
d. A wri en business plan must reflect the projected Cash Flow.
e. The projected Cash Flow and Business Plan
is reviewed quarterly at team mee ngs with
the family, key employees that need to know,
lender, veterinarian and other professionals
when input is necessary.

If points in me can be marked which accelerated the
new unknown period, it began with the elimina on
of the EU milk quota which unleashed the produc on
of 23 million dairy cows to the world market 2015.
Followed by the implementa on of the Canadian
Class 7 milk policy in February of 2017 which closed
the door on the shipping condensed milk from the US
to Canada. Many dairy farms in Wisconsin and New
York found themselves scrambling for a place to go
with their milk.

2. Key Ra os are calculated and monitored to
achieve the following ranges:
a. Ownership Equity +50%
b. Current Ra o 2:1
c. Term-debt and Lease repayment ra o 1.5
d. Principal and Interest as a % of Gross Income
15%
e. Debt/Cow $5,000
f. Debt/CWT Milk $15
g. Debt to Revenue 1:1
h. Opera on Expense as a % of Gross Income
70%
i. Feed Cost as a % of Gross Income 20% to 45%
(depends on growing or buying forage)
j. Feed and Cropping Cost as a % of Gross Income 20% to 45% (see h)
k. Cost of Producing 100 Pounds of Milk $15 $17

US milk plants now found their capacity to process
milk at a maximum level. Between a worldwide
abundance of milk and US manufactures unable to
handle more raw milk the farm mailbox price of milk
remained under the cost of producing it for 80% of
dairy farmers.
The purpose of this paper is to outline how to survive
and con nue to operate a dairy farm in diﬃcult and
tough mes. These comments will mirror many of
the strategies that the top 20% of dairy producers do
to obtain a profitable bo om line when others find it
diﬃcult to make ends meet. There are 100 diﬀerence
things successful dairy farmers do every day. This
paper highlights some of those key items.
1. The star ng point always must be to have a thorough understanding of the total financial picture
of the dairy. In the past working hard by taking
care of the cows and growing crops was mostly
all that ma ered. Today, working hard con nues
alongside of thinking hard. Ge ng the financials
in order first, then discussing the numbers, thinking through the numbers and planning must take
place before decisions are made. Financial items
needed are as follows:
a. Yearend Balance Sheets must be accurately
completed with detailed numbers.
b. A 3-year Income Statement must show Accrual adjusted figures.

3. Communica ng with your primary lender is more
important than ever. Banks are facing mergers
and acquisi ons (M&A). The Farm Credit system
has gone through consolida ons. Each me
there is a change in ownership or management
the personal rela onship with a lender is at risk.
Generally, the loan oﬃcer is the link between the
lender and the farm. If a change occurs at the
lender the long- me rela onship may change as
well. The regulators of all lenders are becoming
more stringent regarding the audi ng of dairy
farm loans. The tougher rules will boil down to
the farm level. If the lender seems to becoming more diﬃcult it may be the regulator that is
adding to the mix. It will be more important in
the future to survive by having an open communica on with the lender. It is equally important
to have a thorough understanding of all of the
financial informa on on point #1 so your lender
knows you know.
27

4. Milk Marke ng and u lizing government milk
marke ng opportuni es: Taking a posi on with a
broker on a por on of milk can make the overall monthly income look more posi ve in tough
mes. A thorough understanding of the mechanisms and tools must be gained though educaon. A number of government milk programs
have come into existence. They are not the total
answer to low milk prices however they can add
to the farm’s income. Once again educa ng oneself is the key to understanding. The USDA FSA
oﬃce personnel in many cases can be a big help
in this area as well.

returning cows? Are the stalls large enough?
Does the bedding material keep the cows in their
stalls for 10 to 12 hours a day? Are there enough
stalls?
9. Producing more milk is a goal of dairy producers
that survive. They understand at mes there is
a worldwide glut of milk. However, they think
about their “Barnyard” and what they need to do
to be profitable. Their cows produce 1,500 more
pounds of milk every year. Breeding programs select produc ve sires. Some use genomic tes ng
and use the informa on to select the youngstock
that will lead their herds in the future.

5. 100,000 SCC along with 6-7 pounds of components are going to be keys in selling milk in the
future. Regardless of the milk plant, indirectly
consumers will demand to know that their milk
comes from farms with high standards. It is also
important to get on the list of a High Paying Milk
Plant. Some milk plants are selling high quality
end products at a premium price. These same
plants are paying addi onal premiums for the
raw milk they take in. In tough mes a dollar or
two dollars over what others are being paid goes
a long way toward profitability. It is important to
let high paying milk plants know who you are.

10. Forage programs are outlined in the winter
months. There are team mee ngs with crop consultants, nutri onist, lenders and veterinarians.
Seeds are selected, plan ng mes and harvest
mes are set. Custom operators and manure custom operators join the mee ngs at mes to learn
what is expected of them and the importance of
the ming of their work.
11. Enterprising is done to know the true costs of
certain areas of the dairy. The true costs of producing forage is divided out from other expenses.
Seeds, rent, the costs of owning land, llage,
spraying, harvest, trucking, inocula ng, packing,
and labor are all factored in. The costs of ren ng
or owning machinery is separated out including
func onal deprecia on. Joint ownership of some
pieces of equipment may make sense to some.

6. SOP or Standard Opera ng Procedures are another way to help farms stay profitable in tough
mes. The SOP are a proper and approved way
to do certain jobs on a farm as “eﬀec vely” as
possible. They lay out the proper way to assist a
cow during calving. There is a step by step check
lists of how to care for a calf when it is born. Care
of the dairy cows 30 days before calving and 30
days a er have specific ac ons. There are SOPs
for each job on the farm. This way there are no
assump ons made that everyone should know
how to do a job. SOP are in wri ng. Training and
follow up is prac ced daily.

12. Evalua ng the cost of raising heifers is kept separate. Evalua ons are made regarding where the
youngstock should be reared. Housing near the
dairy? Raised by a local heifer grower or animals
sent away at 3 days of age to a western climate.
Ge ng the right size and correctly raised animals
returning to the dairy is cri cal. With the costs
of raising heifers, surviving farm strategies grow
only the heifers they need. Older cows that are
paid for and have 1 or 2 more years of producve life are kept longer. Older cows will produce
20 to 30 pounds more milk than a first calf heifer.
The number of incoming heifer are at the right
number so there is no reason to force older produc ve cows out of the barns. Some cows and
heifers are bred to beef bulls to limit the number
of replacement heifers. The beef crosses are
commanding a higher calf price currently. Future
markets will determine if this strategy will connue.

7. Vision and Mission statements are real documents that hang where owners and employees
can see them daily. The statements are short,
clear and meaningful. Wri en in two languages.
8. Cow comfort is always at the top of everyone’s
mind each day. Top Dairy Producers ques on
cow comfort and ask themselves every morning
as they walk up to the dairy, “What can be done
be er to make the cows more comfortable?” Is
the milking parlor comfortable for the cows as
well as for the milkers? Is the holding area kept
cool un l the last cow enters the parlor? Do cows
have plenty of water to drink as they return to
the free stall? Is there fresh feed wai ng for the

13. Other diverse enterprises are considered. Further
processing of milk in a partner owned plant may
28

be considered by some. The list of other types of
enterprises are many in light of the concentrated
business of milking cows. Owning a shared “Feed
Facility” where 3 farms deliver and truck TMRs
from may be considered. A great deal of research
and number crunching must be completed before money is spent on a new enterprise.
14. Transi on planning is at some point in an ongoing process. As the balance sheets con nue to
grow the zeros add up behind the numbers. Paral or total farm transfers take 10 years or more
to achieve. Transfers may be with blood rela ves
or those outside of the family. Professional consultants, accountants and a orneys are always
involved in the process.
15. Those that survive tough economic mes see
their dairy as the Business of Milking Cows. It is a
“Business” and needs to be operated that way!

29

How to Survive Tough Economic Times
Gary Sipiorski
Vita Plus, Madison, WI
gsipiorski@vitaplus.com

HowToSurviveThrough
ToughEconomicTimes
4StateDairyNutritionand
ManagementConference

AnEmployeeͲOwnedCompany•www.vitaplus.com•1.800.362.8334

AnEmployeeͲOwnedCompany•www.vitaplus.com•1.800.362.8334

9months2018,Genske,Mulder&Co
(CPAs)perfarm,lossof65
cents)/day/cow

AnEmployeeͲOwnedCompany•www.vitaplus.com•1.800.362.8334

AnEmployeeͲOwnedCompany•www.vitaplus.com•1.800.362.8334
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Q3Ǧ 2018Nietzke&Faupel(48)
All

AnEmployeeͲOwnedCompany•www.vitaplus.com•1.800.362.8334

<1500

>1500

Milk

15.24

15.36

15.24

16.24

Lvtk

1.28

1.03

1.29

1.29

Gross

16.95

16.76

16.96

17.99

COP

17.61

17.53

17.61

17.23

Net

(0.66)

(0.77)

(0.65)0.76

AnEmployeeͲOwnedCompany•www.vitaplus.com•1.800.362.8334

Is$0.76ABigDeal?
•
•
•
•
•
•

AnEmployeeͲOwnedCompany•www.vitaplus.com•1.800.362.8334

$0.76X24,000cwt=$182.40/cow/yr
$182.40X25cows=$4,560
$182.40X50cows=$9,120
$182.40X100cows=$18,240
$182.40X500cows=$91,200
$182.40X1,000cows=$182.400

AnEmployeeͲOwnedCompany•www.vitaplus.com•1.800.362.8334
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Top1/3

Zoetis– CostofHealthIssues
•
•
•
•
•
•

Mastitis
Lame
Metritis
RP
DA
Ketosis

12Ͳ40%
10Ͳ48%
2Ͳ37%
5Ͳ15%
3Ͳ5%
5Ͳ14%

$155Ͳ224
$177Ͳ469
$300Ͳ358
$206Ͳ315
$494
$117Ͳ289

WhatTODo?
•
•
•
•
•
•
•

32.7cullrate
16.0
17.1
31.7
26.9
32.5

AnEmployeeͲOwnedCompany•www.vitaplus.com•1.800.362.8334

IncreaseProduction1,500#s
TakeAnotherLookatCowComfort
EvaluateLabor“Effectiveness”
ForageQualityPlan
MilkMarketing
COP
Transition

AnEmployeeͲOwnedCompany•www.vitaplus.com•1.800.362.8334

WhatareLender’sThinking?
•
•
•
•
•
•

Rating
Ex
Good
Normal
Watch
SubStd

Equity
+75%
+60%
+50%
30%
<25%>

D/R
Liquidity
2:1
2:1
1.75:1
1.75:1
1.25:1
1.25:1
1.00:11.00:1
0.90:10.90:1

AnEmployeeͲOwnedCompany•www.vitaplus.com•1.800.362.8334

AnEmployeeͲOwnedCompany•www.vitaplus.com•1.800.362.8334

WhatToDo?
•
•
•
•
•
•
•
•

BalanceSheet
3YearsofIncomeStmts(AccrualAdjusted)
2019Projection
BusinessPlan
TalkwithLender
2019Croppingneeds
100,000SCC,6Ͳ7#Components
GetontheListofaHigherPayingPlant
AnEmployeeͲOwnedCompany•www.vitaplus.com•1.800.362.8334
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Feeding Options with Todays Economics
Dr. Mike Hutjens
University of Illinois, Emeritus

Holstein Component Profile by Days in Milk and Lactation Number

Feeding Options With Today’s Economics

Lact
#

Four State Dairy and Management Conference
June 14, 2019

1

2

3+

Mike Hutjens
University of Illinois, Emeritus

Fat %

Fat/Prot

Protein %

Milk
(lbs)

1-40

41-100

101-199

200-305

1- 40

1-40

41-100

101-199

200-305

Milk
(kg)

19,000

2.9%

3.0%

3.5%

3.7%

1.32

2.2%

2.4%

2.8%

3.0%

8,618
10,433

23,000

3.4%

3.3%

3.6%

3.8%

1.36

2.5%

2.6%

3.0%

3.1%

26,000

3.8%

3.5%

3.6%

3.9%

1.36

2.8%

2.8%

3.0%

3.2%

11,793

30,000

3.9%

3.5%

3.6%

3.8%

1.34

2.9%

2.8%

3.0%

3.2%

13,608

19,000

2.9%

3.1%

3.5%

3.7%

1.26

2.3%

2.5%

2.9%

3.1%

8,618

23,000

3.3%

3.3%

3.6%

3.8%

1.32

2.5%

2.6%

3.0%

3.2%

10,433

26,000

3.7%

3.4%

3.6%

3.8%

1.32

2.8%

2.8%

3.0%

3.2%

11,793

30,000

3.8%

3.4%

3.5%

3.8%

1.31

2.9%

2.8%

3.0%

3.2%

13,608

19,000

3.5%

3.4%

3.6%

3.8%

1.35

2.6%

2.6%

2.9%

3.1%

8,618

23,000

3.7%

3.4%

3.6%

3.8%

1.37

2.7%

2.7%

3.0%

3.2%

10,433

26,000

3.9%

3.4%

3.6%

3.8%

1.39

2.8%

2.7%

3.0%

3.2%

11,793

30,000

4.0%

3.4%

3.5%

3.7%

1.38

2.9%

2.8%

3.0%

3.2%

13,608

* 19,000 RHA n=1,014 herds, 23,000 RHA n=1,998 herds; 27,000 RHA n=1,022; 30,000 RHA n=292 herds

Option 2: Marginal Dry Matter Intake

Finding 65 cents per 100 pounds of milk
• Genske, Mulder & Co Certified Public
Accountants

• Last pound of dry matter consumed
can support two plus pounds of milk

• First nine months of 2018

• A pound of dry matter costs 10 cents
• Two pounds of milk worth 30 cents
at 15 cents a pound

– Arizona:
-15.2% margin; loss of $1.3 million
– Upper Midwest: -11.4% margin, loss of $781,761
– Northeast:
-21.4% margin; loss of $803,243

• Profit is 20 cents per pound of dry matter
or per cow per day

Maintenance

Feeding
Environment

Option 1: Building Your Milk Check
• Improving milk components

Tissue
Reserves

Absorbed
Nutrients

– Milk fat is valued at $2.51 per pound
– Milk protein is valued at $1.14 per pound

Product
Fetus

Perception

• Fat test increase of 0.2 point (3.7 to 3.8) leads
to 0.1 pounds more milk fat times $2.51 leads
25 cents per cwt or 20 cents per cow per day at
80 pounds of milk

1

Feed

2018
U.S. Feed
Additive
Use

Milk Fat and Milk Protein Relationship
(Hoard’s Dairyman—August 2018)

Fat
%

Protein
%

Protein
vs Fat

Fat vs
Protein

Ayrshire

3.89

3.14

81%

1.23

Brown Swiss

4.05

3.32

82%

1.22

Guernsey

4.56

3.35

73%

1.36

Holstein

3.81

3.06

80%

1.24

Jersey

4.89

3.70

75%

1.32

2018 Hoard’s
Market Survey
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2

Why Cows Stop Eating
1. Non-nutrient factors
2. Metabolic feedback
3. Physical fill

3

Rumen

Intestine

Feces

Buffers 38
Yeast/yeastculture 29
Rumensin 24
Mycotoxinbinders 24
Probiotics 11
Niacin 10
Omnigen

8

Don’tuse

7

Feedbunkstabilizer

2

Benefit to Cost Ratios
Buffers 8 : 1

Cost Comparison

Biotin 7 : 1

Summary

Yeast products 5 : 1

(Cost per cwt)

Ionophores 5 : 1
Silage inoculant 3 : 1

Annual
California Department of Food and Agriculture

Rumen protect choline 3 : 1

Additives Recommended
for Lactating Cows

Twenty Percent Extra Heifers on Farm
• California data: Cost is $2.10 per cwt of milk

• Rumen buffers– save 6 cents per cow

• Assume the 20% value is on your farm

• Yeast culture/yeast products—save five cents per cow

• 20% of $2.10 is 42 cents a day

• Monensin (Rumensin)—save 3 cents per cow
• Silage inoculants—save 3 cents per cow
• Biotin—save 4 cents per cow
• Organic trace minerals—save 10 cents per day

Raising Heifers is Not a Profit Center

Hutjens Priority

Cost to raise heifers is >$2,000 than current market prices

1 Rumensin

• Number of heifers needed:

2 Silage inoculants

– Culling rate
– Death losses of heifers
– Calving interval

3 Organic trace minerals (Zn, Se, Cr, & Cu)
4 Yeast and yeast culture

• Tools:
– Genomics (find the best ones)
– Sex semen (get heifers from the best genetics)
– Beef crossbreeds
(premium +$150, calving ease, and healthy of calves)

5 Sodium bicarb/S-carb
6 Biotin
Rumen impact

Total Cost to Raise a Dairy Replacement
from Birth to Freshening
$3,000
$2,427

$2,510

NDFD: An Index of Dry Matter Intake

Heifer
Calf

$2,148

$2,000

One unit change in NDFD equals

Calf Value
$1,360

– 0.26 lb. of Dry Matter Intake

$1,000

– 0.47 lb. of Fat Corrected Milk
$0
1999

2007

2013

2015
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Increase Forage NDFD Two Units

Defining Shrink

• Total forage program increased from 55 to 57
percent

• The quantity of feed fed that the cow
doesn’t eat

• May lead to 0.94 pounds more milk

• Varies from 1 to > 20% of available feed

• Added income is 15 cents per day

• Cost 10 cents to 15 cents per cow per
day

Kernel Processing Score
Poor

Shrink Areas of Focus

Adequate

Excellent

• Forage management

2
1
0

• Pre-blending concentrates
• Weigh backs

ĄWorth 2 lb. Milk
or 2 lb. Corn

Each change is
2 lbs. more milk

• Reducing feed variation
• TMR mixing strategies (precision blending)

-1

• Storage (bags, vertical storage, etc)

-2

• Tracking inventory

RD Shaver UW-Madison

y
(CVAS, 2017)

Weigh Back Considerations
• 1-2% of total dry matter offered (steers 1st choice)

Percent of Samples

12%
N= 1576
Ave. = 4.11
StDev = 2.30

10%
8%

• > 5% weigh backs must go to cows
• 50% of feed available at each feeding with 2x delivery

6%

• Evaluate sorting (+/- 5% each box)

4%

• Remove each day (each feeding)

2%

• Feed costs savings: 50 lb DMI times 2% equal 1 pound
DM or 10 cents per cow

0%
Fecal Starch, %DM

Grouping Systems increase IOFC

Change Kernel Processing Score
• Shift from 61 to 71 score results in two pounds
more milk

1. Fresh (3wk) vs. all other cows
- Fresh diet can be very expensive

• Results in 32 cents per cow per day

- May have carry over effects

• Lower fecal starch from 7 percent to 5 percent
leads to 1.3 pounds of milk

- May increase peaks
2. Two year old vs. older cows

• Results in 20 cents more per cow

- Diets can be identical

• These values could overlap

- Increase production of 2 yr olds
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Many Grouping Systems increase IOFC

Comparing Ration Costs
with Various Forage Programs

3. Group by production

• Used the 2018 forage costs (purchase/market prices)

- Diets formulated for each group
- Targeted use of additives

• Rations balanced for energy, RDP, RUP, and fiber

- Forage quality inventory management

• Milk yield was 70 pounds of milk
• No minerals, vitamins, or additives
were added or balanced

Lows

Midds

Highs

Grouping by Production (80 lb average)

Economics of Forage Feed Costs Per Day
(70 pounds of milk, 2018 Feed Prices)

40
30

Grass

20

Corn Silage

10

Alfalfa

0

1 average with large variation

Grouping by Production

Feed Benchmarks 2019
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Feed costs per cow per day

$5.01

Feed cost per lb DM

$0.10

30

Milk Production
20

10

0

- 3 different means
- Smaller SD within pens

80 lb

70 lb

Feed cost per cwt milk

$6.26

$7.16

Income over feed costs / cow ($16)

$9.74

$8.84

1.6

1.4

Feed efficiency (kg milk/kg DM)

Formulating for Groups

Economics of Feed Efficiency
(70 lb milk, 10 cent lb DM)

1 group (mean = 75 lbs, SD = 13)

Feed efficiency

Protein for 75 + 13 = 88 lbs

(lb milk/lb DM)

3 groups

DMI

Difference

(lb/day)

(savings/day)

Low (mean=60 lbs, SD = 4)
MP for 64 lbs

1.40

50.0

Mids (mean = 75 lbs, SD =5)
MP for 80 lbs

1.50

46.6

1.60

43.8

$0.34

Avg = 80 lbs

$0.28

Highs (mean = 90 lbs, SD =6)
MP for 96 lbs
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Milk Yield Targets (Ohio State University)
Milk Yield (lb)

Feed efficiency

60

1.32

65

1.38

70

1.44

75
80

1.49
1.54

85

1.58

90

1.63

Take Home Messages
• Can you find 65 cents per cow per day?
• A business focus on feed decisions
• Listen to your cows
• Use available tools to evaluate your feeding
program
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Economics of Raising the Right Heifers
Albert De Vries
Department of Animal Sciences
University of Florida - Gainesville
devries@ufl.edu
gPTA Net Merit Dollars for 2000 heifers

Economics of Raising
the Right Heifers

Culled
0%
10%
20%
30%
50%

Albert De Vries

Min Average
69
512
318
537
391
564
436
585
510
631

Gain StDev
0
145
25
126
52
112
73
103
119
88

Culled

Department of Animal Sciences
University of Florida
Gainesville, FL 32611
devries@ufl.edu
Four State Dairy Nutrition and Management Conference, Dubuque, IA. June 12-13, 2019

How much is +$52 PTA NM$ worth?

Overview
1.
2.
3.
4.

+$52 predicted transmitting ability / life time
= +$104 estimated breeding value / life time (= 3 years)
= +$34 estimated breeding value / year

Culling worst heifers
Make more dairy calves than needed? (keep best ones)
Keep best dairy calves or crossbred calf premiums?
Combining health, growth, genetics to predict first lactation IOFC

Keeping the best 80% of heifers increases the
genetic level of the herd by $34/cow/year
(but culling, discounting makes final value a little lower)

Make more dairy heifer calves than needed?
•
•
•
•

Use sexed semen
Higher selection intensity
Greater selection gain
Other advantages dairy calves

Net Merit $ = Predicted transmitting ability (PTA)
of lifetime profit compared to profit of base cow

Hoard’s Dairyman Bull List. Genomic Holsteins. April 2019

gPTA Net Merit Dollars for 2000 heifers
Minimum $69
Average $512
Maximum $970
Standard deviation $145

heifers

cows Î

1,247 animals genomic tested at the UF Dairy Unit
2013 data
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Response to selection:

Genetic model

“Traditional” PTA milk of cow vs. phenotype mature equivalent milk of cow
Expected response to selection: 1 lb milk / 2 lb PTA = 1

genetic
variation

Í donors?
Surplus calf
selection

Í Sexed semen?
Í Conventional semen?
Calves

Í recipients?
Í Beef semen?

Genetic
Merit

Heifers

Lact. 1

Lact. 2

Lact. 3

Observed response
to selection =

Lact. 4

Age (younger Æ older)

32,000 - 21,000 = 2.2 >1!
(1,500 - -1,000) x 2
UF Dairy Unit

Response to selection = 2 x expected

Herd budget model
Genetics, phenotype, prices, …
1000 milking cows

Genomic reliabilities

Bottom line:
Profit per milking cow per year

Traditional reliabilities

• 35% cull rate

0% Æ sexed semen use Æ a lot

0% Æ sexed semen use Æ a lot

$100 lower dairy calf sale price compared to dairy bull calf

5 breeding policies
Genomic reliabilities

No selective mating

35% cow cull rate
Many other inputs
Î surplus calves

Traditional reliabilities

• 35% cull rate

Crossbred premium
or
Dairy heifer calf selection?

Default = base line inputs
• 35% cull rate
• Vary use of sexed semen
• Complete budget of
revenues and costs
• Conclusion: genomic
testing pays if willing to
make surplus heifers with
lots of sexed semen

Genomic reliabilities

0% Æ sexed semen use Æ a lot

Value
genomic
testing

Traditional reliabilities

https://hoards.com/article-25428-beef-on-dairy-semen-sales-skyrocketed-in-2018.html

0% Æ sexed semen use Æ a lot

40

Scenario A

•
•
•
•
•

Which calves do I select?

•
•
•
•
•
•
•
•

Dam information
Behavior
Type conformation
Body weight
Growth
Health events
Feed intake
Environmental
stress
• Genetic potential
• etc.…

5 user-defined breeding policies
1 optimal breeding policy
+$100 crossbred premium
No genomic testing
35% cow cull rate

MichaelSchmitt,Master’sthesis,UofFlorida(2019)

Scenario B

Questions
•
•
•
•
•

1 user-defined breeding policy
3 optimal breeding policies
Increasing crossbred premium
No genomic testing
35% cow cull rate

• Relativeimportanceofhealth,growth,genetics onpredictionof
futuremilkproduction.
• Howtobestcombinedatasources:linearregression,randomforest,
gradientboosting
• Doesitpaytowaitandlearnaboutcalves(health,growth)andcull
later?

Scenario B

•
•
•
•
•

Calf selection: health growth genetics
• 12,000 calves born on a Florida dairy farm
• Born between 2009 to 2015
• Followed through first lactation

1 user-defined breeding policy
3 optimal breeding policies
Increasing crossbred premium
No genomic testing
35% cow cull rate

– Survival and milk production
– Information value = first lactation marginal milk income minus feed cost (IOFC)

• Data:
– Health: diarrhea, respiratory, …
– Growth: birth and weaning weights
– Genetics: parent average, genomic test

• Combine data methods:
– Regression, random forests, gradient boosting

Scenario C

Selection time point options: 3 datasets
•
•
•
•
•

1 user-defined breeding policy
3 optimal breeding policies
Increasing crossbred premium
With genomic testing
35% cow cull rate

Weaned
Day 120
n = 4,850
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Birth

Breeding

Day 0
n = 12,098

Day 380
n = 4,981

Predictor groups
Predictor
Variable
Unit
Variable
Classes
ET
2
Category
Weight birth
Pounds
Weight120
Pounds
Weight380
Pounds
ADGto120
Lbs/day
ADG120to380
Lbs/day
ADGto380
Lbs/day
RESP
5
# treat.
DIGT
5
# treat.
OTITIS
5
# treat.
OTHER
5
# treat.
ANY
5
# treat.

Day First
Available
Day 0
Day 0
Day 120
Day 380
Day 120
Day 380
Day 380
Day 120
Day 120
Day 120
Day 120
Day 120

First lactation IOFC for selection at day 120

ParentAverage(PA)

Genomic(GENO)

Predictor
Variable
Fat.PA
Milk.PA
NetMerit.PA
Prot.PA

Predictor
Unit
Variable
BWC.G
Composite
CCR.G
Percentage
DCE.G
Percentage
DPR.G
Percentage
DSB.G
Percentage
Fat.G
Lbs/lact.
FLC.G
Composite
HCR.G
Percentage
Milk.G
Lbs/lact.
NetMerit.G Dollars
PL.G
Months
Prot.G
Lbs/lact.
PTAT.G
Composite
SCE.G
Percentage
SCS.G
Log
SSB.G
Percentage
UDC.G
Composite
GnomcInbCo Percentage

Day First
Available
Lbs/lact. Day 0
Lbs/lact. Day 0
Dollars Day 0
Lbs/lact. Day 0
Unit

$250
Genomicdata+phenotype

Day First
Available
Day 120
Day 120
Day 120
Day 120
Day 120
Day 120
Day 120
Day 120
Day 120
Day 120
Day 120
Day 120
Day 120
Day 120
Day 120
Day 120
Day 120
Day 120

First Lactation Information Value
$/Retained Calf

Phenotype (Pheno)

Genomicdata

$200

Parentaverages
$150

Parentaverages
+phenotype

$100

GB-PA
GB-Pheno
GB-PA_Pheno
GB-GENO
GB-GENO_Pheno

Phenotype

$50

GB=GradientBoosting

$0%

10%

20%
30%
40%
50%
Approx. Percentage Calves Culled

60%

Differentmethodsofrankingcalves:differentcalvesareculled
Day120Ͳ GradientBoosting
PercentageofSimilarCalvesCulled

Survival probabilities to first calving

PredictorGroupsIncluded
Time+Season+YearͲMonthonly

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
0%

5%

10%

GenoͲGeno_Pheno

Observed first lactation milk production until
305 days in first lactation (all calves)

20%
25%
30%
35%
PercentageofCalvesCulled

PAͲPA_Pheno

PAͲGeno

40%

45%

50%

PhenoͲPA_Pheno

Summary: selection and breeding for heifers
1. Genomic testing is likely profitable when:

3,000

• Make surplus dairy heifer calves (good reproduction, sexed semen)
• Good response to genetics

2,500
Frequency

15%

2,000

2. Best breeding mix:

1,500

• Combination of surplus dairy heifers calves + crossbred calves
• Simple breeding mix almost as good as optimal breeding mix

1,000
500

3. Genetics data worth more than health and growth data

0

Observed First Lactation Milk Production, lbs

devries@ufl.edu

n = 12,098

First lactation IOFC for selection at day 120
First Lactation Information Value
$/Retained Calf

$300
Genomicdata+phenotype

$250
$200

Genomicdata

$150

Parentaverages
Parentaverages+phenotype

$100
$50

REG-PA
REG-Pheno
REG-PA_Pheno
REG-GENO
REG-GENO_Pheno
REG=Linearregression

Phenotype
$0%

10%

20%
30%
40%
50%
Approx. Percentage Calves Culled

60%
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Winding Meadows Dairy, Inc.
Terry Van Maanen
Rock Rapids, Iowa

Breeding
• Use sexed semen and
beef bulls
• Crossbred calves
have more value in
the marketplace
• Using sexed semen has
made it difficult to get
the right number of
heifers
• Use beef semen on third
breeding to get cows
pregant

Winding Meadows Dairy, Inc.
Terry Van Maanen
Rock Rapids Iowa

Dubuque,IA– June12,2019

Expanding from
1200 to 1600 cows

Calf Raising
• MovedcalvestoKansas
DairyDevelopment

• Utilize double 20
parlor and labor
efficiently
• Moved dry cows to
home dairy

• Controldeathloss
• Calfrearingexpenseis
$2.55verses$3.60perday
• Milderenvironment
• Manuredense
neighborhood

Dubuque,IA– June12,2019

Dubuque,IA– June12,2019

Management Team

FinalComments

• Using Genske, Mulder & Co. to review records
• Using financial consultant who understands dairy

• Don’tlossmilkorcomponents

• Breeding costs
• Forage costs need to be more accurate
• Using Commodity & Ingredient Hedging, LLC

• Keepequipmentcurrenttocontrolrepaircosts

• Using Farm Credit Services of America “borrowing
base” monthly

• Takehighspeedoutofskidloader

TerryVanMaanen
712.470.2506
windingmeadows@gmail.com
Dubuque,IA– June12,2019

Dubuque,IA– June12,2019
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Managing Costs on My Farm
Hunter Haven Farms
Pearl City, Illinois

Hunter Haven Farms was established in 1976, in Pearl
City, IL, when Douglas & Edith Block and Thomas &
Mary Block purchased the 320 acre “Home Farm”
from Robert & Ruth Block (parents). The Registered
Holsteins previously had the prefix of “Hunter Haven”
as Robert had originally purchased the farm from
Cape Hunter in 1948. A er 1976 the Block families
con nued to build the herd of Registered Holsteins
and increased hog produc on in the farrow to finish
confinement facili es. Two smaller farms were eventually purchased -- “Bub’s Farm” to the north where
the large dairy is located, and the “Johnson Farm”
which is located southeast of Pearl City. The Doug &
Tom Block families con nued to upgrade the 100 cow
Registered Holstein herd, and market hog produc on
increased to 1100 head per year. In the fall of 1996
the decision was made to expand the dairy herd and
eliminate the hog produc on.

Le : Sco Benner. Right: Doug Block

Hunter Haven Farms, Inc. was established March 1,
1997 and the construc on of the new 400 cow dairy
facility began. During the summer of 2000 a 100 stall
addi on was added to the exis ng 400 stall Dairy
Free-stall Barn. In the spring of 2005 the Methane
Digestor ( par ally grant funded ) went on-line with
electricity produc on and compost bedding producon. During 2006 the construc on of an addi onal
200 stall dairy free-stall barn was completed, allowing the dairy facility a capacity of approximately 900
cows. The mission of the farm is to foster an environment of personal growth and advancement for our
families and employees; eﬀec vely manage resources for present and future genera ons, con nuously
improve their products in quality, value, and profitability. At present the farm is in the process to transfer the administra on of the farm from the Block’s to
the employees Sco and Nathan.
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The Ins and Outs of Behavioral Well-Being
for Dairy Cows
Jennifer Van Os
jvanos@wisc.edu
Animal Welfare Science at UW-Madison

What is animal welfare?

state of individual animal: how well is she faring?
faring well: good welfare

The ins and outs of behavioral well-being
for dairy cows

faring poorly: poor welfare

animal welfare science looks at the state of the animal
Æ it’s outcome based

JENNIFER VAN OS

What’s important for animal welfare?

Animal welfare: critical for the social license
to continue producing food in the future

body

biological function
(bodily health)

Do we feel good
about our food?

mind

nature
Fraser et al. 1997. Anim. Welf. 6:187-205

affective (emotional) state
(+ vs – experience)

consumers / voting citizens

Research helps us understand what’s needed for good welfare
– and how to accommodate those needs in a practical setting,
and in light of stakeholder expectations

species relevance
(“behavioral well-being”)

What’s a “behavioral need”?
How can we ask cows what matters to them?
1.

Biological science: understanding the cow

Preference testing: “voting” with their feet
I spend more time with
“X” than “Y”
because I prefer “X”

2.

Social science: understanding people

Motivation testing: asking them to “pay” to show how much
they care about something
“X” is really important
to me, so I’m willing to
work hard to get it!
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Examples of what research can tell us about cattle welfare
inside and outside of the barn:

Social science research shows how different people
prioritize aspects of animal welfare
health

feelings

1.

What do cows think about being on pasture vs. in the barn?

2.

How can we tell if cows are staying cool in summer?

3.

How flexible are consumers on their expectation for pasture?

behavior

?

consumers / voting citizens

producers

?

Both producers & consumers value all 3 aspects
of welfare, but their emphasis sometimes differs

health
feelings

Cows are willing to work hard to gain access to pasture

body

behavior

mind

behavior

Fresh TMR

9
producers

Access to
pasture

9

Pasture can have benefits for welfare:
9 better air quality
9 improved locomotion score
9 fewer negative social interactions

consumers / voting citizens

Cardoso et al. 2016; De Greef et al. 2005; Ventura et al. 2015, 2016

von Keyserlingk et al. 2017. Sci. Reports 7:44953.

Consumers often have an expectation that animals live
reasonably “natural” lives
– especially having pasture access

Cows prefer to be outside… AND inside
Preference for pasture vs. the barn depends on time of day + weather
Æ Choose pasture more at night (when it’s not rainy)

health
89% of survey respondents uninvolved in dairy production
think cows should have access to pasture
feelings

behavior

Schuppli et al. 2014. J. Anim. Sci. 92:5185-5192.

An ideal dairy farm is: “where the
cows stay untied, on pasture, able to
feed and walk naturally. Because I
think that freedom should not be
denied to any animal.”
consumers / voting citizens

Legrand et al. 2009. J. Dairy Sci. 92:3651-3658.

Cardoso et al. 2016. J. Dairy Sci. 102:1811-1821.

ee also: Hötzel et al. 2017. J. Dairy Sci. 100:4150-4160

See also: review by Charlton & Rutter, 2017; Falk et al. 2012; von Keyserlingk et al 2017; Smid et al. 2018
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Cows chose to spend less
time on pasture when it rained
Legrand et al. 2009. J. Dairy Sci. 92:3651-3658.

Mud can create costly problems
Ø hygiene
× digital dermatitis
Ø milk yield

Examples of what research can tell us about cattle welfare
inside and outside of the barn:
1.

What do cows think about being on pasture vs. in the barn?

2.

How can we tell if cows are staying cool in summer?

3.

How flexible are consumers on their expectation for pasture?

Muller et al 1996; Rodriguez-Lainz et al 1996; Fisher et al 2003; Stull et al 2008; Chen (Van Os) et al. 2017

Lying time was severely reduced in muddier conditions,
especially in the first 24 hours

Rethinking the TNZ vs. thermal comfort

3.2 h

Van Os. 2019. Vet. Clin. N. Am. Food Anim. Practice 35:157-173

Chen (Van Os) et al. 2017. J. Dairy Sci. 100:2090-2103.

Cows also choose to spend less time on pasture
during the daytime… especially in warmer weather

Early signs: changes in behavior and respiration rate

behavior Ş
Legrand et al. 2009. J. Dairy Sci. 92:3651-3658.

resp rate ×

body temp ×

panting
Photo: Grazyne Tresoldi
Falk et al. 2012. J. Dairy Sci. 95:6409-6415.

DMI Ø

(avg. THI 8 am – 10 pm)

(avg. THI 8:30 am – 3 pm)
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milk yield Ø

repro Ø

When cows are outside in warm weather,
they want the benefits of shade

With only shade, body temp became elevated
(air temp = avg high of 97°F)

70
60

Preference (%)

50
40

Body temperature (°F)

Shade only

Cows are motivated to seek shade…
…AND they prefer shade compared
to the sun, even when cooled with
water sprinklers

30

Normal (ȸ 102.8°)

un

20

10
0
shade Shade
Sprinklers
SprinklersShade
vs. Shade NoAmbient
vs. Shade
(no shade)

Ambient vs. Sprinklers
Chen (Van Os) et al. 2013. J. Dairy Sci. 96:5035-5045.

Schütz et al., 2008, 2009, 2011; Tucker et al. 2008

When soakers are mounted over feed bunks with shade,
cows do prefer soakers, especially in warmer weather

Cows chose to start using soakers in the morning (~THI 69)
Body temperature (°F)

Shade only

Normal (ȸ 102.8°)

Chen (Van Os) et al. 2013. J. Dairy Sci. 96:5035-5045.

Chen (Van Os) et al. 2013. J. Dairy Sci. 96:5035-5045.

Soakers help cows release body heat

Body temperature stayed normal when cows had soakers
Body temperature (°F)

Production losses from heat stress:
over $1.5 billion/yr with shade alone
Æ estimated losses 40% less with soakers

Shade only

Normal (ȸ 102.8°)

Shade and soakers

St-Pierre et al, 2003. J. Dairy Sci. 86:E52-E77.

Chen (Van Os) et al. 2013. J. Dairy Sci. 96:5035-5045.
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How much to spray? Common rule of thumb – is it right?

Body temperature stays lower when cows have soakers
Body temperature (°F)

shade only

Normal (ȸ 102.8°)

+ 2.6 gal / hr / cow
+ 9.8 gal / hr / cow

Chen (Van Os) et al. 2016. J. Dairy Sci. 99:4607-4618.

What’s the right amount to spray?
Æ compared soaker nozzles at the feed bunk

Daily milk yield was >7 lb higher with soakers
lbs/day

0.35 gpm
(2.6 gal /
hr / cow)

1.30 gpm
(9.8 gal /
hr / cow)

shade only
hen (Van Os) et al. 2016. J. Dairy Sci. 99:4607-4618.

With no soakers, body temp went up

Normal (ȸ 102.8°)

9.8 gal / hr
/ cow

Chen (Van Os) et al. 2016. J. Dairy Sci. 99:4607-4618.

Using water efficiently for cooling

(air temp = avg high of 91°F)

Body temperature (°F)

2.6 gal / hr
/ cow

shade only

gallons/hour per cow:
< 0.8 = not enough (ineffective)
2.6 = effective + efficient
9.8 too much (effective but inefficient)

Help cows
cope with heat
Water use

…but measure how your cows respond
Chen (Van Os) et al. 2016. J. Dairy Sci. 99:4607-4618.
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We evaluated the performance of cooling systems:
mechanical ventilation with baffles, fans over stalls, showers

Measured consistency of airspeeds at cows’ standing & resting heights

Successful farm owned by 4 UW-Madison alumni
2 barn types for lactating cows:
 Naturally ventilated (1997)
 Mechanically cross-ventilated (2007)
Showers in the milking parlor for more cow cooling

Mondaca, Van Os, Cook. ADSA 2019

Elevated respiration rate:
early indication of attempt to cope with heat stress

Predictions
Farm thinks mechanically cross-ventilated barn is more comfortable
Æ strategically houses earlier-DIM / higher-producing cows there
(avg 109 vs. 77 lbs/day)
Æ predict those cows will show fewer signs of heat stress, despite
greater internal heat generation

ThermalAid

Free app: thermalnet.missouri.edu/ThermalAid

Before milking, cows’ respiration rates were higher
on warmer days

Measured consistency of airspeeds at cows’ standing & resting heights

Lying time decreases with heat stress
Chen (Van Os) et al. 2013. J. Dairy Sci. 96:5035-5045.

Linear effect of THI: P < 0.001

Van Os et al. ADSA 2019

See also: Chen (Van Os) et al. 2016; Legrand et al. 2011; Overton et al. 2002
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Consumers’ views on pasture vs. indoor housing
can depend on shelter availability

Brief showers during milking reduced respiration rate
P = 0.64

P = 0.004

“…every being deserves
to feel sunshine on her
back, to feel earth
beneath her feet, to
breathe fresh air…”

vs.

As long as cows
have “shelter
from wind and
sun and rain.”

non-farming citizen:
one opinion

Treatment × THI interaction: P < 0.001

non-farming citizen:
another opinion

Schuppli et al. 2014. J. Anim. Sci. 92:5185-5192.

Van Os et al. ADSA 2019

Consumers’ views on pasture vs. indoor housing
depend on the heat-stress abatement provided
Rating

Dairy producers and the industry have many good ideas for cow comfort
It’s valuable to measure how well these solutions are performing –
especially how the cows are responding
Æ funded USDA CARE grant
Van Os and Cook, 2019-2022

Cardoso et al. 2018. PLoS ONE:13 e0205352.

What do consumers think of indoor+outdoor access?

Examples of what research can tell us about cattle welfare
inside and outside of the barn:
1.

What do cows think about being on pasture vs. in the barn?

2.

How can we tell if cows are staying cool in summer?

3.

How flexible are consumers on their expectation for pasture?

Barn only

Barn + concrete paddock (year-round)

Barn + pasture (summer, depending on weather)

Kühl et al. 2019. Livest. Sci. 220:196-204.
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Jennifer Van Os

Consumers were more supportive of barns with
free-choice outdoor access, especially pasture

Naturally ventilated barn
Barn + paddock
Barn + summer pasture

In winter, cows spent a bit of time outside throughout the day and night
(almost always standing up)

Kühl et al. 2019. Livest. Sci. 220:196-204.

Smid et al. 2019. J. Dairy Sci. 102:1551-1558.

What do consumers think of indoor+outdoor access?
“Give them the choice whether
they want to be indoors in a welldesigned facility, or if they want
to be outside, and let both
options be available for at least a
considerable amount of time.”

Anne-Marieke Smid

In summer, cows spent half the night outside
(and half of that time lying down)

“Access to an open space
(dirt lot) should be provided
whenever possible, but access
to pasture in a confined system
is a producer’s decision.”
non-farming citizen

non-farming citizen

Schuppli et al. 2014. J. Anim. Sci. 92:5185-5192.

Smid et al. 2019. J. Dairy Sci. 102:1551-1558.

Take-home messages

What do cows think about non-pasture outdoor areas?

9 Animal welfare is important for the cow, the producer,
and the consumer
9 Soakers + high-speed air can help keep cows cool.
It’s valuable to measure how well cows are coping
9 When given the choice, cows go outside during summer
nights, but they prefer the barn for shelter from the
elements (heat/sun, rain)
9 Outdoor exercise areas may be an alternative to pasture

Anne-Marieke Smid
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Jennifer Van Os
jvanos@wisc.edu
www.DairyAnimalWelfare.org

@AWSUWM
Animal Welfare Science at UW-Madison
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Economic Aspects of Cow Longevity
Albert De Vries
Department of Animal Sciences
University of Florida - Gainesville
devries@ufl.edu

Cow longevity

Economic Aspects of
Cow Longevity

“The oldest known cow was Big Bertha who
was almost 49 when she passed away on
New Years Eve in 1993. Big Bertha
produced 39 calves”

Albert De Vries
Department of Animal Sciences
University of Florida
Gainesville, FL 32611
devries@ufl.edu

Natural lifespan
is about 20 years
Farmer Jerome O’Leary in the
Blackwater Tavern with Big Bertha.

Four State Dairy Nutrition and Management Conference, Dubuque, IA. June 12-13, 2019

Annual cows left herd % (including 4% sale for “dairy”)
38% = 31.6 months of productive life
= 2 years 8 months

The goal of this presentation is
to draw attention to culling
risks and economics of culling.
Can and should the dairy
industry do better?

www.drms.org
DairyMetrics
February 19, 2018
All herds >50 cows
9158 herds

Culling mathematics

Overview
•
•
•
•
•

1. If national herd size is constant
2. If 1.1 calves born per cow per year
3. If all female calves are raised to become
milking cows (no sexed semen)
4. Then national annual cull rate §35%

Longevity statistics
Risk factors for culling
Economics of longevity
Culling decision support
Summary

– Productive life = 1/35%*12 = 34.3 months
– Cows are culled to make room for calving heifers
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Culling reasons are similar in
herds with different cull rates

Risk factors for culling

Annual
cull
rate
(%)

Source: 11,985 DHIA herds

Statistics for 8,400 U.S. dairy herds on DHI milk
test, sorted by % cows left per year

Large Florida dairy producer on longevity:
• “25 years ago I thought what was a good long lived cow
was all type related.”
• “One day I made a list of all our oldest cows to try to
find out what their commonality was. Nobody was
going to win a show. No records were being set. They
all got bred the first or second time (mostly first) and
never went to the hospital. They were all the cows you
only saw twice a year.”
• “I wonder if some longevity benefit is just from cows
not shoved into too small of a hole. Management has a
lot of effect.”

Source: DRMS (2019). Available at www.drms.org Accessed March 10, 2019

Risk of culling (including death) per day
(non-pregnant cows). Holstein herds in the USA

Economics of longevity

Old cows

First lactation

Pregnant cows:
risk = 25% of risk of open cows

De Vries et al. (2010) J. Dairy Sci. 93:613
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Best 11 players play

Lifetime profit is not the goal
• Rule: optimize profit per unit of most
liming factor
–
–
–
–
–
–

$/cow/year
$/milking cow/year
$/lbs phosphor/year
$/acre/year
$/labor unit/year
….

Depreciation costs

Herd replacement costs per cwt milk
§ 10% of total operational cost

• Heifer rearing/purchase costs: $1500 to $2500
– 2019: 8-month pregnant heifers sold for: <$1000

• Salvage value: $500 to $1000 (5% dead)
• Depreciation = heifer cost – salvage value

Frazer LLC, Dairy Farm Operating Trends, December 31, 2017

Productive life (longevity) for Holsteins in USA
phenotype and breeding values

Cow depreciation per lactation

phenotype

breeding values

Source: https://www.cdcb.us/eval/summary/trend.cfm
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Genetic improvement

1950 champion cow: 154 000 lb milk in 13 lactations
11,846 lb/lactation

Morelactations:replacementcostÐ,milkyieldÏ,geneticlevelÐ

Genetictrend(PTANetMerit$selectionindex)

Difference in net return per parity

Genetic
lagis
growing

600

Allbulls
AIbulls
Cows

400
Lack of maturity cost

Aged cow cost

NM$

200

?

0
Ͳ200
Ͳ400
Ͳ600
Ͳ800
1980

1985

1990

1995

2000

2005

2010

2015

Birthyear
LifetimeNetMerit=economicselectionindexfromUSDA
Without genetic progress
VanRaden
Presenter

Meeting,Location,Date(23)
WorldDairyExpo,Madison,WI,5October2018(23)

Literature Review:
Culling <=> Genetics

Cost of herd structure

After review of existing work:
Increased genetic progress in
sires should increase cow cull
rates by a few percent at
most.

$/year

De Vries (2017), J. Dairy Sci. 100:4184–4192
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Cost of herd structure

Productive life: green house gasses, profitability

Genetic opportunity cost

Green house gas

Profit/kg milk

5 yr
Profitability

5 yr

$/year

Grandl et al. (2019). Animal 13:1 p198

Cost of herd structure

Culling decisions support

Premium for crossbred calves

$/year

Is there something to decide?

Observations on cost of herd structure
•
•
•
•
•
•

Most culling is for economic reasons (Fetrow et al., 2006)
Criteria for culling vary between farmers (Beaudeau et al., 1996)
Differences between farmers and advisors (Haine et al., 2017)
Culling decisions are not a priority (Huire et al., 1993)
But: Frequent calls for decision support
Older decision models: 30% annual replacement is
economically optimal (Fetrow et al., 2006)
• But: optimal replacement rate is farm dependent

• Optimum often >4 years (25% cull rate)
• Optimum sensitive to inputs
• Extended longevity most valuable:
–
–
–
–
–

Heifer cost >> salvage value
High milk price, low feed cost
High premium crossbred calves
Little genetic progress
Good aged cows
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2 criteria for culling: Lower milk price

Optimal replacement decisions
Complicated: need to predict future cash flows of
incumbent and challenging cow(s)
– Consider opportunity cost = cost sacrificed on an
average challenging cow by keeping the incumbent
cow in the herd (Van Arendonk, 1991)

RPO

Future cash flow (incumbent)
– Future cash flow (challenger)
= Retention pay-off (RPO)

IOVC

or

Parity 1, milk price $0.13/lbs

Value of keeping the cow in the herd
Compared to immediate replacement with a heifer

Level of milk yield,
pregnancy status

replace
Keep

replace

Higher milk yield and pregnancy protect against culling

2 criteria for culling: Average milk price

$2.50

Going through the cull list

IOVC

RPO

Parity 1, milk price $0.19/lbs
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B = beef = cull

Summary
•
•
•
•

Average longevity has changed little over time
All culling driven by economics (choice)
Increasing longevity makes economic sense
Faster genetic progress reduces optimal longevity,
a little
• Do we nee better tools to support replacement
decisions?

devries@ufl.edu

59

The Impact of Transition Cow Disease: Why Its
Greater Than We Realize
Michael Overton, DVM, MPVM
Elanco Animal Health
Advisor – Dairy AnalyƟcs
moverton@elanco.com

The Impact of Transition Cow
Disease: Why It's Greater Than
We Realize

Transition Cow
Fetal growth

Hormone Changes
Calving
Rapidly increasing milk production

Colostrum
DryOff

Michael Overton, DVM, MPVM
Elanco Cattle Business
moverton@elanco.com

-60

-21

RationǼ

RationǼ

21
RationǼ

30
RationǼ

Dry Matter Intake (DMI) drop

A 90 day collection of transition periods that have interrelated events
influencing either productive
or non-productive
Transition
Period outcomes in the lactation

USDBUPOS00280

USDBUNON01683
USDBUPOS00280

• When estimating the feed cost associated with incremental milk, we do not
have to consider maintenance feed; we only have to account for the energy
required to produce the marginal milk

To Quantify the Financial Impact of Milk NOT Produced
Due to Disease…What Information is Needed?

• To produce 1 liter of milk with 3.8% fat, 3.1% protein, and 4.8% lactose:

• How much disease is present?
• What is the typical or expected impact of disease on milk
production?

– Each gram of fat requires 9.3 kcal gross energy:

38 g milk fat * 9.3 = 353 kcal

– Each gram of protein requires 5.5 kcal gross energy:

31 g protein * 5.5 =

– Each gram of lactose requires 4.0 kcal gross energy:

48 g lactose * 4.0 = 192 kcal

171 kcal

Total 716 kcal

• 716 kcal/ liter = 0.72 Mcal NEL/ liter or 0.33 Mcal NEL/ lb of marginal milk

• What is the value of the milk that is not produced?

• If TMR energy density = 0.78 Mcal NEL/ lb

• Value and quantity of feed that is not consumed due to milk
not being produced

Î 1 lb TMR DM supports 0.78/0.33 = 2.36 lb milk
• If feed cost = $0.11/lb, 1 lb marginal milk requires 0.11/2.36 = $0.05 feed
• $0.05 of feed to produce an extra or incremental lb of milk
(NRC. 2001. 7th ed. National Academy Press, Washington, p. 19.)

USDBUNON01683

USDBUNON01683
USDBUPOS00280

Management in The Vital 90™ Days is Critical:

What Can We Do in Early Lactation to Combat
Transition Challenges?

RISK, COSTS, and OPPORTUNITY
Two Major Types of Costs During The Vital 90 Days

• Use high quality feed ingredients (properly balanced with sufficient fiber)
to promote feed intake

Investment Costs (Expenditures) Consequence Costs (Losses)
• Direct and indirect costs of disease
• Dairy producers often invest
are a major source of economic loss
heavily to mitigate the RISK
and frustration for dairy producers
associated with calving
• Lowering consequence costs
• Many products and procedures
through reducing disease and
are justifiably used to reduce
refining treatment decisions is a
disease and optimize performance
great opportunity to improve
profitability

• Manage environment to minimize stress and weight loss during fresh
period
• Provide adequate and comfortable resting access
• Remove other stressors (overcrowding, mixed parities, excessive
standing times, excessive walking distances, etc)
• Consider specific feed additives, pharmacologic interventions
• Be careful with pen moves
• Promptly identify and appropriately treat fresh cow disorders
USDBUNON01683
USDBUPOS00280

USDBUNON01683
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When Estimating the Cost of Disease, There are a
Number of Issues that Need to be Considered

Estimating Cost of Disease:
Issues that Need to be Considered
• Indirect disease costs (lost opportunity):

• Direct disease costs (losses):
– Diagnostics – is there any kind of special screening or lab test that is
performed?
– Therapeutics – what are the various antimicrobials, supportives, antiinflammatories, etc that are used in treatment?
– Discarded milk – how much milk is being discarded and for how long? What is
the true value of this milk? Is it used to feed calves or discarded?
– Veterinary service – is the vet involved with either diagnosis or treatment of this
issue?
– Labor – how much of my on-farm labor’s time is used to diagnose or treat this
issue?
– Death – how many cows die as a consequence of this disease and what is the
true economic impact to the dairy?

– Milk production loss – how much marginal milk is NOT produced
throughout lactation as a result of this disease issue and what is that
worth?
– Culling loss – how many cows leave the herd prematurely as a
consequence of this issue and what is the economic impact to the
dairy?
– Reproductive loss – how much is my reproductive performance
negatively impacted by this issue and what could that be costing the
herd?
– Losses due to other attributable disease issues – are there any other
disease issues that are impacted by the occurrence of this issue?

USDBUNON01683
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• When estimating the feed cost associated with incremental milk, we do not
have to consider maintenance feed; we only have to account for the energy
required to produce the marginal milk

To Quantify the Financial Impact of Milk NOT Produced
Due to Disease…What Information is Needed?

• To produce 1 liter of milk with 3.8% fat, 3.1% protein, and 4.8% lactose:

• How much disease is present?
• What is the typical or expected impact of disease on milk
production?

– Each gram of fat requires 9.3 kcal gross energy:

38 g milk fat * 9.3 = 353 kcal

– Each gram of protein requires 5.5 kcal gross energy:

31 g protein * 5.5 =

– Each gram of lactose requires 4.0 kcal gross energy:

48 g lactose * 4.0 = 192 kcal

171 kcal

Total 716 kcal

• 716 kcal/ liter = 0.72 Mcal NEL/ liter or 0.33 Mcal NEL/ lb of marginal milk

• What is the value of the milk that is not produced?

• If TMR energy density = 0.78 Mcal NEL/ lb

• Value and quantity of feed that is not consumed due to milk
not being produced

Î 1 lb TMR DM supports 0.78/0.33 = 2.36 lb milk
• If feed cost = $0.11/lb, 1 lb marginal milk requires 0.11/2.36 = $0.05 feed
• $0.05 of feed to produce an extra or incremental lb of milk
(NRC. 2001. 7th ed. National Academy Press, Washington, p. 19.)

USDBUNON01683

Recorded Disease Incidence in US Holstein Cows in the
DDAS System (Herd-level)

How Do We Monitor Transition Cows?
•
•
•
•
•
•
•
•

NEFAs or BHBAs
Urine pH
Stocking density
Ca +/- Mg at calving
Daily milk (start up milk)
Early lactation milk (first test milk)
Peak milk
p305ME milk

•
•
•
•
•
•
•
•

USDBUNON01683
USDBUPOS00280

SCC
1st test fat or fat:protein
Feed intake
Disease incidence
% Sold and Died
Rectal temperature
Ruminations
Resting time

Mastitis
(1st 30DIM)

Metritis

Retained
Placenta

LDA
(1st 30DIM)

Lact =1

Lact >1

Lact =1

Lact >1

Lact =1

Lact >1

Lact =1

“X”Herds

6.8%

6.6%

22.7%

13.6%

3.7%

7.5%

1.3%

Lact >1

3.3%

“Y”Herds

5.0%

6.5%

9.5%

4.6%

2.6%

4.0%

1.8%

2.1%

Variables included in model included Herd, Month of Calving, Year of Calving, Calf
(male, female, twin) and Lactation Group

Cow vs. herd level metrics; Leading vs. lagging metrics;
Some metrics are better than others for making timely decisions
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Culling in First 60 DIM

Milk Production for Holstein Cows in the DDAS System

Cumulative Milk 30

Projected 305 Milk

Lactation = 1 Lactation > 1

Lactation = 1

Lactation=1

Lactation>1

“X”Herds

“X”Herds
8.1%

5.2%

Lactation > 1

“X” Herds

1,698 lb

2,526 lb

22,779 lb

26,372 lb

“Y” Herds

1,585 lb

2,244 lb

20,192 lb

23,331 lb

Difference

113 lb

282 lb

2,587 lb

3,041 lb

“Y”Herds

“Y”Herds
9.1%

7.6%
VariablesincludedinmodelincludedHerd,MonthofCalving,YearofCalving,
Calf(male,female,twin)andLactationGroup
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Accurately Recording Disease Occurrence, Even if it is
NOT Treated, is Critical for Understanding the Impact of
Disease on a Herd and for Improving Management

Recorded Disease Incidence in Holstein Cows in the
DDAS System (Herd-level)
Mastitis
(1st 30DIM)
Lact =1

Metritis

Lact >1

Lact =1

Lact >1

Retained
Placenta
Lact =1

Lact >1

LDA
(1st 30DIM)
Lact =1

• In the previous examples:

Lact >1

“X”Herds

6.8%

6.6%

22.7%

13.6%

3.7%

7.5%

1.3%

3.3%

“Y”Herds

5.0%

6.5%

9.5%

4.6%

2.6%

4.0%

1.8%

2.1%

– The “X” herds produced more milk and had lower culling risk
despite having MORE recorded disease
– Disease incidence is much more susceptible to detection
and recording bias as compared to more subjective
outcomes such as milk production and culling (sold & died)

VariablesincludedinmodelincludedHerd,MonthofCalving,YearofCalving,
Calf(male,female,twin)andLactationGroup

• Most herds only record what they treat as opposed to what
actually occurs

AlloftheseherdswereHolsteinherds
“X”herdsappearedtomoreconsistentlyrecordmastitisand
metritis
“Y”herdsfailedtoconsistentlyrecordmastitis,metritis,or
bothonaconsistentbasis

– To better understand the impact of disease on a herd, we
need to identify all disease whether treated or left untreated
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Metritis Severity Score Misclassification Under
Predicts Consequence Cost Of Disease*

How Much Does the Failure to Record Disease Affect the
Measurable Impact of Disease?
• Introduces bias into the system

• Convenience sample of DC305 data from 1 Mid-Western
Holstein herd
– 1 year of calvings (n = 3,485)

• Types of bias/recording issues:
–
–
–
–

Failure to record any disease
Failure to correctly distinguish mild from severe
Failure to record mild disease
Misclassification of a normal cow as “diseased”

• Herd chosen because it does an excellent job of recording
metritis incidence & severity
– No metritis recorded (NR)
– Mild metritis
– Severe metritis
*McCarthy, M. M. and M. W. Overton (2018). Journal of Dairy Science 101(6): 5434-5438.
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Metritisscore
classification

Metritisseverity
asrecorded

(misclassification)

Normalherd
recorded data

Randomized45%of Allmildmetritis
mild casesto“not casesreclassifiedas
“notrecorded”
recorded”

1. Nometritis
recorded
2. Mildmetritis
3. Severemetritis
ActualRecoded

1. Nometritis
recorded
2. Mildmetritis
3.MildUnderrecorded
Severemetritis

CowNumbers
(byMetritisseverity)
None
Mild
Severe
Total
Totalmetritis
Mild"underͲrecorded"

Number
2,353
810
114
3,277
924

Mildcases
underͲrecorded

%ofherd
71.8%
24.7%
3.5%
100.0%
28.2%

Number
2,716
447
114
3,277
561
363

%ofherd
82.9%
13.6%
3.5%
100.0%
17.1%
44.8%

Mildcasesnot
recorded

Normalherd
recorded data

Randomized45%of Allmildmetritis
mild casesto“not casesreclassifiedas
“notrecorded”
recorded”

1. Nometritis
recorded
2. Mildmetritis
3. Severemetritis
ActualRecoded

1. Nometritis
recorded
2. Mildmetritis
3.MildUnderrecorded
Severemetritis
%ofherd
82.9%
13.6%
3.5%
100.0%
17.1%
44.8%

1. Nometritis
recorded
2. Mildmetritis
3. Severemetritis
ActualRecoded

1. Nometritis
recorded
2. Mildmetritis
3.MildUnderrecorded
Severemetritis

MildNotRecorded
%ofherd
96.5%
0.0%
3.5%
100.0%
3.5%
100.0%

Milk Loss Due to Metritis
Actual Milk Loss
Apparent Milk Loss
Cost of Apparent Milk Loss
Difference from Actual (Value)
Difference from Actual (lb)
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Predicted 305M and Associated Losses
Metritis Severity as
Recorded (Actual)
Cow Numbers
(by Metritis severity)
None
Mild
Severe
Total
Total metritis
Mild "under-recorded"

Number % of Herd
2,353
71.8%
810
24.7%
114
3.5%
3,277
100.0%
924
28.2%

Diff vs.
None
573
0
-847
-1866

Milk Production
(by Metritis Severity)
Herd Average
None
Mild
Severe
Milk Loss Due to Metritis
Actual Milk Loss
Apparent Milk Loss
Cost of Apparent Milk Loss
Difference from Actual (Value)
Difference from Actual (lb)

-898,826
-$110,427
base
base

Based on milk price of $0.17/lb, feed cost of $0.11/lb, and 0.43 lb of feed (DM) per
lb of milk

McCarthy, M. M. and M. W. Overton (2018). Journal of Dairy Science 101(6): 5434-5438.
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Metritis Severity as
Recorded (Actual)

305ME
(lb)
26,930
27,204
26,357
25,338

%ofherd
96.5%
0.0%
3.5%
100.0%
3.5%
100.0%

• Explanatory variables included in the models
– Lactation group
– Month fresh
– Twin or singleton
– Dystocia Y/N
– Early disease in first 30 DIM Y/N
[Mastitis, RP, Ketosis, DA, Metritis (severe, mild)]

Predicted 305M and Associated Losses

Milk Production
(by Metritis Severity)
Herd Average
None
Mild
Severe

MildNotRecorded
Number
3,163
0
114
3,277
114
810

• 2nd Test 305 ME milk was analyzed via multi-variable regression
models for each of the metritis score classifications

McCarthy, M. M. and M. W. Overton (2018). Journal of Dairy Science 101(6): 5434-5438.

Cow Numbers
(by Metritis severity)
None
Mild
Severe
Total
Total metritis
Mild "under-recorded"

%ofherd
82.9%
13.6%
3.5%
100.0%
17.1%
44.8%

Statistical Approach for Analyzing Milk Production

1. Nometritis
recorded
2. Severemetritis

ElancoAnimalHealth.DataonFile.

Number
2,716
447
114
3,277
561
363

1. Nometritis
recorded
2. Severemetritis

ElancoAnimalHealth.DataonFile.

Mildcasesnot
recorded

Number
3,163
0
114
3,277
114
810

%ofherd
71.8%
24.7%
3.5%
100.0%
28.2%

Mildcasesnot
recorded

McCarthy, M. M. and M. W. Overton (2018). Journal of Dairy Science 101(6): 5434-5438.

(misclassification)

Number
2,716
447
114
3,277
561
363

Randomized45%of Allmildmetritis
mild casesto“not casesreclassifiedas
“notrecorded”
recorded”

Number
2,353
810
114
3,277
924

Mildcases
underͲrecorded
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Metritisseverity
asrecorded

%ofherd
71.8%
24.7%
3.5%
100.0%
28.2%

Normalherd
recorded data

CowNumbers
(byMetritisseverity)
None
Mild
Severe
Total
Totalmetritis
Mild"underͲrecorded"

%ofherd
96.5%
0.0%
3.5%
100.0%
3.5%
100.0%

Metritisscore
classification

Number
2,353
810
114
3,277
924

(misclassification)

MildNotRecorded
Number
3,163
0
114
3,277
114
810

ElancoAnimalHealth.DataonFile.

CowNumbers
(byMetritisseverity)
None
Mild
Severe
Total
Totalmetritis
Mild"underͲrecorded"

Metritisseverity
asrecorded

1. Nometritis
recorded
2. Severemetritis

McCarthy, M. M. and M. W. Overton (2018). Journal of Dairy Science 101(6): 5434-5438.

Mildcases
underͲrecorded

Metritisscore
classification

Number % of Herd
2,353
71.8%
810
24.7%
114
3.5%
3,277
100.0%
924
28.2%

305ME
(lb)
26,930
27,204
26,357
25,338

Diff vs.
None
573
0
-847
-1866

Mild Cases
Under-recorded
Number % of Herd
2,716
82.9%
447
13.6%
114
3.5%
3,277
100.0%
561
17.1%
363
44.8%
305ME
(lb)
26930
27083
26389
25412

-898,826
-$110,427
base
base

Diff vs.
None
541
0
-695
-1671

-898,826
-501,134
-$61,568
$48,859
397,692

Based on milk price of $0.17/lb, feed cost of $0.11/lb, and 0.43 lb of feed (DM) per lb of milk

McCarthy, M. M. and M. W. Overton (2018). Journal of Dairy Science 101(6): 5434-5438.
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Predicted 305M and Associated Losses
Metritis Severity as
Recorded (Actual)
Cow Numbers
(by Metritis severity)
None
Mild
Severe
Total
Total metritis
Mild "under-recorded"
Milk Production
(by Metritis Severity)
Herd Average
None
Mild
Severe
Milk Loss Due to Metritis
Actual Milk Loss
Apparent Milk Loss
Cost of Apparent Milk Loss
Difference from Actual (Value)
Difference from Actual (lb)

Number % of Herd
2,353
71.8%
810
24.7%
114
3.5%
3,277
100.0%
924
28.2%

305ME
(lb)
26,930
27,204
26,357
25,338

Diff vs.
None
573
0
-847
-1866

Mild Cases
Under-recorded
Number % of Herd
2,716
82.9%
447
13.6%
114
3.5%
3,277
100.0%
561
17.1%
363
44.8%
305ME
(lb)
26930
27083
26389
25412

-898,826
-$110,427
base
base

Diff vs.
None
541
0
-695
-1671

Implications

Mild Cases NOT
Recorded

• Misclassification of metritis results in greater bias and
underestimates the true association between metritis and
milk production, reproductive performance and culling risk

Number % of Herd
3,163
96.5%
0
0.0%
114
3.5%
3,277
100.0%
114
3.5%
810
100.0%
305ME
(lb)
26930
26985
0
25485

-898,826
-501,134
-$61,568
$48,859
397,692

– Misclassification leads to an underestimate of the
consequence costs of diseases like metritis

Diff vs.
None
26930
0
-26985
-1499

• Improved definition and recording of metritis herds can lead
to better interpretation of the true impact of metritis (and
other diseases) on individual herds

-898,826
-170,941
-$21,001
$89,426
727,885

Based on milk price of $0.17/lb, feed cost of $0.11/lb, and 0.43 lb of feed (DM) per lb of milk

McCarthy, M. M. and M. W. Overton (2018). Journal of Dairy Science 101(6): 5434-5438.
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Disease Incidence – Cow-level (within 30 DIM)

All Cows:

The Subsequent Data are from the Previously Mentioned
“X” Herds

5.7%

16.2%

6.1%

2.5%

22.3%

4.0%

0.9%

• All herds use either DC305 or PCDART
• Selected an 18-month period of calvings (1/1/15 - 6/30/16)
– Eliminated herds that had unreasonably low recorded incidences
of mastitis, metritis, RP and DA
– Eliminated herds that did not have milk production information
– Filtered to include only Holstein cows

Lactation = 1:
4.5%

• Result: 158,676 lactation records from 28 herds in 12 states:

Lactation > 1:

– CA, CO, FL, GA, ID, IN, KS, MI, MN, NC, NY, and WI

6.4%

12.7%

3.4%

7.2%

• REMEMBER: This is observational analyses of farm reported
information
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Summarization of Estimated Disease Impacts in this U.S.
Data Set (using projected 305 Milk)

High-Level Overview of the Analyses Performed

Variable

• Separate models for lactation = 1 and lactation > 1
• Multivariable models to examine:

Lactation = 1

Early Mastitis

Lactation > 1

Repro
Loss

Milk, Early Culling
& Repro
Losses/Case*

DA

($97)
($9)
($19)
($130)

($27)
($99)
($149)
($82)

($288)
($222)
($325)
($625)

Any Early
Disease

($109)

($35)

($52)

($196)

DA

($243)
($188)
($124)
($453)

($79)
($22)
($11)
($130)

($42)
($129)
($156)
($77)

($365)
($340)
($291)
($660)

Any Early
Disease

($180)

($66)

($82)

($327)

RP

• Estimated the value of milk not produced using concept of
marginal milk value
• Estimated losses associated with culling using depreciated
cow model
• Estimated losses associated with reproductive losses using
median days open

Early
Culling
Loss

($164)
($114)
($157)
($413)

Metritis

– Projected 305d Milk
– Time-to-removal by 60 DIM (sold or died)
– Time-to-pregnancy by 250 DIM

305 Milk
Milk Loss

Early Mastitis
Metritis
RP

Incidence
4.5%
22%
4%
0.9%
42%
6.4%
12.7%
7.2%
3.4%
38%

*These losses are based on dairy-reported disease incidence and do NOT include
labor, treatment, or veterinary services costs. Also, culling losses were considered
only through 60 DIM.
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Management in the The Vital 90™ Days is Critical:
RISK, COSTS, and OPPORTUNITY

Even the Best Economic Models are Severely Limited in
Utility if the Input Data are Inconsistent or Inaccurate

• Opportunity:

• Disease records are extremely variable. Inconsistencies may
preclude us from making faster advances in
• understanding the impact of disease on cow performance
• understanding the relationship between diseases
• rate of genetic progress

– With improved risk management and disease prevention efforts
during The Vital 90 Days…
• Reduced disease incidence
• Lower treatment costs
• Reduced mortality and culling
• Higher milk production throughout lactation
• Opportunity for improved reproductive performance
– Healthier transition cows = greater profit potential

• What if the disease definition used was different?
• What if the detection approach used was different?
• What if the herd inconsistently recorded it?
• It is CRITICAL that we work towards more consistent disease
definitions, detection and recording
• Disease treatment protocols with standardized recording can
really help this effort

• Better disease information (more accurate and complete
records) could help our efforts towards healthier transition cows
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Thanks For Your Attention!

Summary
• The RISK of disease is very high during The Vital 90 Days
• The COST of both clinical and subclinical disease is often
higher than we might imagine

Michael Overton, DVM, MPVM
(706) 248-4664
moverton@elanco.com

– We often are unaware of the magnitude of the opportunity costs
of disease
– With incomplete disease records, the apparent impact is less
than the true impact

• Consequently, there is a huge OPPORTUNITY for most dairies
to improve performance and profitability
– Improvements in disease detection, recording and interpretation
of records can help accelerate our progress
Elanco,TheVital90,andthediagonalbararealltrademarksownedorlicensedbyEliLillyandCompany,itssubsidiariesoraffiliate’s.
©2019EliLillyandCompany,itssubsidiariesoraffiliates.Allrightsreserved.
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New Concepts in Ventilation to Keep
Your Cows Comfortable
Dr. Micheal Brouk
Kansas State University
134 Call Hall, Manha an, KS 66502
mbrouk@ksu.edu
Introduc on
Annual losses to the US dairy industry due to heat
stress exceed 900 million dollars. Reducing thermal
stress is a key issue in eﬃcient and profitable dairy
produc on. Across the US there has been tremendous improvement in heat stress abatement for
dairy ca le in the last two decades. However, heat
abatement systems con nue to evolve and develop,
increasing the choices available to dairy producers.
Systems today focus on providing adequate cooling
while minimizing energy and water u liza on. In addi on, the benefits of cooling dry and pre-fresh ca le
have also been addressed in several studies. The key
benefits of eﬀec ve cow cooling are increased milk
produc on, increased feed intake and improved reproduc ve performance. Improvement in summerme milk produc on and reproduc ve performance
has longer-las ng eﬀects than just a few summer
months. Eﬀec ve heat abatement during the summer, which allows for normal pregnancy rates, reduces the slugs of pregnancies in the fall, which generally
results in increased calving ac vity in the spring and
early summer. The focus of this paper will be some
of the newer op ons available to dairy producers for
eﬀec vely cooling their dairy herds.

Researchers suggested that at a temperature of 95°F,
we ng the hair and skin greatly increased heat dissipa on due to the hair increasing the surface area
available for water vaporiza on.
Experimentally, respira on rate, body temperature
and heart rate have been measured as indicators of
increased thermal stress. There has been considerable interest in developing a system by which sen nel cows would be monitored and the data u lized to
control heat abatement systems. While this would
oﬀer more precise control of the system, the concept
has not been widely adopted in the industry due to
issues of cost and reliability.
Methods to Reduce Thermal Stress
Lacta ng dairy ca le produce large amounts of heat
due to diges on and metabolic processes, and this
heat must be exchanged with the environment to
maintain normal body temperature. Ca le exchange
heat through the mechanisms of convec on, conduc on, evapora on and radia on. Ca le can either
give or receive heat energy from the environment.
Solar radia on increases heat load by increasing the
surface temperature of ca le. Air temperature above
the normal body temperature of ca le also increases
the heat load. In addi on to increasing heat load,
heat exchange at the body surface is reduced. Protec on from solar radia on by providing adequate
shade is the first step in reducing heat stress in dairy
ca le.

Determining Thermal Stress
Thermal stress in dairy ca le is most o en defined
by the Temperature Humidity Index (THI). Most recently, researchers at the University of Arizona have
redefined this index with more current dairy genetics. This index combines the eﬀects of temperature
and humidity into a single es mate of thermal heat
load. The data suggested that milk produc on losses
began when the minimum daily THI exceeded 65 or
when the average THI exceeded 68. In general, the
industry has accepted that heat abatement should
begin when the THI reaches 68; however, losses
started at a THI of 65.

Increasing natural ven la on during the summer
months by increasing sidewall openings, increasing
roof pitch and providing an opening at the roof peak
have been incorporated into building designs for
many years. Many exis ng facili es have been modified in an eﬀort to increase airflow over the animals.
However, this does not eﬀec vely address the situaons where thermal stress exceeds the natural ability
of the cow to exchange heat with the environment.
For the months of May-September, this can be a huge
challenge for Midwest dairy producers.

The eﬀects of heat stress and mechanics of heat
exchange were extensively studied at the Missouri
experiment sta on in the 1940s and 1950s. Studies
showed that at temperatures above 70°F, heat loss
was primarily due to moisture evapora on from the
skin and lungs. As temperatures exceeded 90°F, more
than 85% of the total heat dissipa on was due to vaporiza on of water from the body surface and lungs.

Feedline Soaking
For the last couple of decades, the applica on of
feedline soaking systems and supplemental airflow
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created by fans has been a popular method to reduce
heat stress in dairy herds. By star ng with increased
air movement and then increasing the amount of
water applied as heat stress increases, producers
have been able to reduce the level of heat stress experienced by the herd. We ng frequency and level
of supplemental airflow have been shown to have a
drama c impact upon the heat exchange rate of dairy
ca le. Systems have been shown to be eﬀec ve in
increasing summer milk produc on and have proven
to be economical. However, in some cases water
consump on and the eﬃciency of we ng have been
a concern. In general, most systems will only u lize
about 25% of the consumed water for cow we ng.
Most of the rest will simply increase the volume of
waste in the lagoon.

can help reduce opera onal cost in new and remodeled dairy facili es. In many regions, rebates from
electrical supplies may help oﬀset the addi onal cost
of energy-eﬃcient fans. Dairy producers are encouraged to carefully review the energy eﬃciency data
when choosing fans. There are many choices available today, so make sure you understand the eﬃciency of the fan being purchased.
Adop on of Variable Speed Drives
Tradi onally, fans were either on or oﬀ. Increasing
the amount of airflow was simply a ma er of increasing the number of fans running at a given me.
Today, each fan can be equipped with a variable
speed drive which allows for various fan speeds and
also the ability to reverse the direc on of rota on
for winter me ven la on or mixing of the air in a
facility. These drives can be u lized on fans opera ng
on the intake and exhaust, and for air mixing within
the buildings. Fans can be controlled to gradually
increase airflow and air exchanges as heat stress increases to create a more uniform air flow across the
building. This should improve air quality as well as
more eﬀec vely reducing heat stress. This can also
greatly increase the eﬃciency of electrical usages as
the wa s consumed per unit of air moved improves
when the fan is turning at less than 100% of motor
capacity. The cost of opera ng more fans at a lower
speed may be less than opera ng a few fans at full
capacity. Opera ng more fans at a lower speed will
also improve the uniformity of the airflow across the
building.

Increasing Airflow
There has been considerable research completed
to address the speed and where airflow should be
increased in a dairy barn. The first place would be
the milking parlor holding pen. Generally, an air
speed of 7 to 8 MPH is suﬃcient for eﬀec ve cow
cooling. However, in areas such as the milking parlor
holding pen, it is important to introduce fresh air into
the space as well. Some designs do not eﬀec vely
introduce fresh air and only circulate the exis ng
air. When trying to evaporate water from the backs
of ca le, it is important to provide for adequate air
exchange as well as air speed. Opening the sidewalls
and including a roof peak opening will help with
air exchange. However, this may not be adequate.
Newer designs incorpora ng mechanical ven la on
are addressed later in the paper.

Changes in Sensors
One of the most exci ng changes in cow cooling is
from the standpoint of sensors for rela ve humidity. For many years, there has been a struggle to find
rela ve humidity sensors which would work in the
dusty and humid environments found in dairy facilies. Temperature sensors were generally reliable
and durable. Humidity sensors required frequent
maintenance and calibra on to func on correctly.
The changes in humidity sensor design has greatly
improved accuracy and durability. Now, rela ve
humidity can be used eﬃciently and eﬀec vely to determine the level of heat stress experienced by ca le
and to operate cooling systems to cool cows more
eﬀec vely. This is especially important when using
high-pressure mis ng or evapora ve cooling to cool
the air of the housing environment.

Air Exchange Rate
Providing adequate air exchange is very important.
During the winter me, an air exchange 4 mes per
hour is considered adequate. However, during the
summer, some systems may have exchange rates
as great as once per minute or 60 mes per hour.
Generally, the ven la on rate has been increased to
this level to increase the airflow over the animals and
not because the ven la on rate needs to be once
per minute. When ven la on rates are this high, it
may be diﬃcult to eﬀec vely use evapora ve cooling
to cool the air to reduce the heat stress in the building due to the volume of air that must be cooled at
greater ven la on rates.
Increases in Fan Eﬃciency
New fan motor and fan blade designs have resulted
in improvement in fan eﬃciency as determined by
electrical usage per unit of air moved. In many cases,
fans today are 25 to 30% more eﬃcient than older
standard basket fans. While these fans are more
expensive, they are also more energy eﬃcient and

Changes in Cooling Controls
Significant advances have been made with cooling
system controls. With the availability of improved
humidity sensors, combining measurement of temperature and rela ve humidity into cooling system
opera on func ons is becoming more commonplace.
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This is especially true when using high-pressure misting for evapora ve cooling of the air. The combinaon of sensors and advanced controls has allowed
engineers to reduce the issues of crea ng a condensing environment, resul ng in wet equipment and
bedding when evapora ve cooling is combined with
increased air velocity.

es, eﬀec veness of evapora ve cooling to modify
the environment decreases. As rela ve humidity
increases above 70%, the poten al reduc on in THI is
less than 10%.
The improvement in controls, sensors and applicaon of variable degrees of high-pressure mis ng have
resulted in more robust systems that more eﬀec vely
reduce the heat stress of dairy facili es. These improvements come with significant cost and are generally only eﬀec ve in arid environments where several
months of heat abatement is required.

Changes in Barn Designs
Over the past couple of decades, we have moved
from naturally ven lated barn designs toward tunnel-, cross- and posi ve-pressure designs for heat
abatement in free stall barns, milking parlors and
milking parlor holding pens. Tunnel- and crossven la on designs have been u lized to improve the
airflow over the ca le beds. Cow behavior resul ng
in lying mes of greater than 12 hours per day has
been shown to increase milk produc on. Many barn
designs contain a mul tude of fans which control air
entering the building, exi ng the building and mixing within the building. By reducing the intake and
exhaust airflow to the amount needed for fresh air
exchange and then u lizing mixing fans internally to
create the airflow over the beds, total energy u lizaon can be reduced as compared to simply increasing exhaust fans to create appropriate air velocity
throughout the building. U lizing posi ve pressure
to introduce fresh air into the building also reduces
the sta c pressure of exhaust fans. This also results
in greater energy eﬃciency of the exhaust fans.

Cooling the Bed
A newer concept of heat abatement involves cooling
the freestall bed with various types of cooling systems. This creates a cooler surface for the cow when
lying and helps to address the need to cool in the
area of the barn where the cow will spend the largest por on of the day. It may also en ce the cow to
lay in the stall for a greater period of me. Systems
have employed a variety of cooling lines and types
of coolant. The depth and type of bedding seem to
have major impacts on the degree of cow cooling. In
very stressful environments, the heat balance may be
posi ve and the cow’s body temperature may rise to
the point at which standing is more comfortable than
reclining. In this case, an addi onal cooling system
would need to be u lized to address the standing
ca le.
Summary
Many changes have occurred in the last 10 years with
the equipment and heat abatement systems available
to dairy producers. While the changes are significant,
the basic requirements of heat abatement are s ll
the same. The goal should be to increase the amount
of heat the cow can exchange with the environment.
When thermal balance is no longer a ainable, body
temperature will increase resul ng in many negave eﬀects, most notably, losses of milk produc on
and reproduc ve eﬃciency. Complex systems which
control the environment of the cow through fresh
air induc on, air movement, evapora ve cooling and
exhaust ven la on and produce a more controlled
environment for ca le can result in an improved
environment for ca le. However, the cost of complex
systems may be greater than the return in increased
milk produc on. In addi onal to heat abatement,
other factors of cow comfort and nutri on must be
considered in order to get the maximum benefit from
the system.

Advances in Evapora ve Cooling
Soaking and then evapora ng water from the surface
of ca le represents the most eﬃcient method to
remove heat from ca le. However, when environmental temperature exceeds cow body temperature,
evapora ve cooling of the air may be necessary. Air
condi oning would be the most eﬀec ve by reducing
air temperature and rela ve humidity. However, due
to energy costs and system maintenance issues, it is
not considered as a prac cal solu on on commercial
dairies.
A possible solu on is evapora on of water into air
as it enters the cow facility. Combina ons of tunnel
ven la on and evapora ve cooling have been used
in swine and poultry opera ons for many years to
cool the environment. Recently, these systems have
been installed in some Midwest dairy facili es. Many
research reports have demonstrated that evapora ve
cooling can reduce the total hours of higher levels
of THI in some environments. Evapora ve cooling
has been used very successfully to cool dairy ca le
in hot arid climates. Under arid condi ons and high
environmental temperatures, the poten al to reduce
temperature and THI is improved. However, as relave humidity increases and or temperature decreas-

Considera ons in Choosing Cooling Systems
1. Shade the cow from solar radia on. This should
always be the first step in any cooling system.
2. Consider average temperature and rela ve hu68

3.

4.

5.

6.

7.

midity of loca on during each hour of the day.
Determine when during the day evapora ve cooling would be eﬀec ve. Even in humid environments, a ernoon humidity may be low enough to
benefit from evapora ve cooling.
If environmental temperature is near or above
normal cow body temperature for a significant
por on of the summer, some form of evapora ve
cooling will likely benefit your opera on.
Do not depend upon evapora ve cooling alone,
except in very arid environments. In most environments, feed line soaking will provide cooling
over and above the evapora ve system.
Consider all costs associated with evapora ve
cooling and feed line soaking. While addi onal
benefits are realized by combina on systems, addi onal milk produc on may not oﬀset expenses.
When pricing and comparing diﬀerent cooling
systems, carefully consider all the op ons of the
various cooling systems and make sure you are
pricing comparing similar equipment.
Consider not only airflow, but also air exchange
when selec ng a cooling system for the en re
year.
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Management Strategies During Challenging Times
Jim Salfer
U of MN Extension, St. Cloud
salfe001@umn.edu

High profit farms keep a higher percent of
every dollar of income!!! (Operating profit
margin) Low 20% 20- 40% 40-60% 60-80% Top 20%
20%
Operating Profit Margin, %

Management strategies
during challenging times
JimSalfer
UofMNExtension,St.Cloud
salfe001@umn.edu

14.80%

15%
9.80%

10%
5%
2.60%
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-3.40%

-10%
Data from 2015-2018
Data source: FINBIN (2019). Center for Farm Financial Management: University of Minnesota. Retrieved from http://finbin.umn.edu
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Low 20%

Cost of Production
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60-80%

Top 20%
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Return on assets for Midwest dairy farms
in 2015-2018
Low 20%

20- 40%

40-60%

60-80%

High profit herds sell more milk per
worker

Top 20%

Low 20%

7%
5.80%

Lbs of milk per worker

5%
Return on assets, %

$/cwt

Large farms tend to be the most and least profitable
farms.

Gross farm income, $

$25

Margin compression has been
happening for a long time.

3.30%

3%
1%

0.85%

-1%
-1.18%
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1,431,717

Profit Cohort

Data source: FINBIN (2019). Center for Farm Financial Management: University of Minnesota. Retrieved from http://finbin.umn.edu
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Net return per cow was negative for three
cohorts in 2018
Low 20%

20- 40%

40-60%

60-80%

Higher profit farms produce higher value milk
Low 20%

Top 20%

40-60%

60-80%

Top 20%
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Profit Cohort
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Data source: FINBIN (2019). Center for Farm Financial Management: University of Minnesota. Retrieved from http://finbin.umn.edu
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Has pounds of milk per cow become less important to
maximize profit?
Low 20%

20- 40%

40-60%

60-80%

High profit farms have lower feed cost

Top 20%

Low 20%

26,000

20- 40%

40-60%

60-80%
$2,103

24,886 24,888 24984

24,000

Feed cost/cow/year

Lbs of milk/cow/day

24,437

I am NOT saying high production is not important
22,983

21,957

22,000

21,319

Rather – all farms are becoming high producing
20,665

20,000

Top 20%
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20,038

19,301
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$2,000

$2,054

$1,940 $1,916
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$1,136 $1,113 $1,109 $1,111 $1,092

$1,000
$500

18,000

$0
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Data source: FINBIN (2019). Center for Farm Financial Management: University of Minnesota. Retrieved from http://finbin.umn.edu
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High profit farms have higher gross
margin
Low 20%

20-40%

40-60%

60-80%

High profit farms do a better job of
controlling all costs

Top 20%

Profitability
Cohort
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$3,000
$2,500
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$1,000
 Higher milkincome
 Lowernetreplacementcosts
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$17.20
$16.37
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Data from 2015-2018
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Have the rules for profit changed?

TraditionalDairies

 1960’s - Focus: Hard work
 1980’s – Focus: High quality forage
 1990’s – Focus: Milk quality
 2000’s – Focus Cow comfort
 2010’s – Focus: Reproduction
Future profit: Will it be driven by efficiencies?
Labor: (Family and hired)
•

Less than 600 cows? (most smaller than 200 cows)
Owner/family managed
Multifamily or some hired labor
Forage production and some grain or cash
crops
 Intend to compete from an established base
of facilities and equity
 Must be good at asset use
 What is your strategic advantage?





Moving to a knowledge/tech based economy

Business acumen/Asset use

Need to have high margins per cow
13
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Whatwillbeyourstrategy?

NicheͲadaptedDairies
Have found a specialty niche that sets them apart
from most dairies, for example:

Every farm has one…. even if you
don’t know it.
•
•
•
•

Grazing
 Suitable land base
 Low cost of production
 Advantage with increasing input costs??
On farm processing
Organic
Specialty markets (e.g. sale of genetics)

Be the best?
Diversify?
Be more nimble?
Value added?

Intend to compete by significantly expanding the
margin between income and expenses

Staying the same is likely not an option
14
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ScaleͲadaptedDairies
 Herd sizes in excess of 1200 cows??
 Freestalls, TMRs, parlors
 Often contract forage production and
heifer rearing
 Significant hired labor force
 Intend to compete by economies of
scale and volume in the face of
tightening margins
 Must be good at labor management

Jim Salfer
salfe001@umn.edu
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Management Strategies During Challenging Times
Jennifer Bentley
ISUEO - Dairy Field Specialist
jbentley@iastate.edu

Colostrum:Morethanjustantibodies…

Management
Strategies
During
Challenging
Times

•
•
•
•
•
•

Calf&Heifer
Reproduction
TransitionCow
Milk&Components
Feed&ForageMgt.
MaximizeLabor

• Singlemostimportantmanagement
factorforcalfhealthandsurvival
• Quality=>50g/LIgG
• 150Ͳ200gramsofIgGat1st feeding
• Rich1st sourceofnutrients
• QuantityͲ 10Ͳ15%ofbirthweight
• QuicknessͲ within2Ͳ4hours
• sQueakycleanͲ <100,000cfu/ml

JenniferBentley
ISUEOͲ DairyFieldSpecialist
jbentley@iastate.edu,563Ͳ382Ͳ2949

Calf&HeiferProgramͲ
InvestmentorCost?

ReproductiveGoals
• Pregnancyrate:>22%
• Cowinseminatedwithin21ofendof
VWP>90%
• Heatdetectionrate>65%
• Conceptionrate:>35%
• Cowpregnantby150DIM:>70%
• Lactatingherdconfirmedpregnant:>50%
• Cowsculledforreproduction:<5%
• Ageatfirstcalving:22Ͳ24months

ReproductiveGoals

ManagingHeifer
Inventory

• Knowwhentostopbreeding
• If3rd lactationand"deviationfromherdmates"milk
isnegativeafter1stbreedingconsider“DoNot
Breed”(DNB).

• Whatisbeinggenerated?
• ExcessHeifers?
• ImpactofOvercrowding
• Howmanyareneeded?
• SexedvsConventional
• GenomicTesting
• Identifyheiferswithdesiredgeneticsforlong
termviabilityintheherd
• Considerbeef
• KPI’stowatchfor….
• %DOAandHFRRatio
• DoubleBirthweightin56days
• Ageat1st BreedingandAgeatCalving

• Ifaveragecow,considerDNBafter2services.
• 3Ͳ4breedings shouldbethelimitforthemajorityof
cows.Anexceptionalcowmaygetmorebreedings.
• Ifacowlosesapregnancyandisover200DIMthen
sheshouldbeontheDNBlist.
• ConsiderSomaticCellCount(SCC),Lamenessand
OtherFactors

73

ReproductiveGoals

HeatStressaffectsDry
Cowstoo!

• Increasenumberofcalvesborn
• Increasingheifercalvesaugmentsthedairy’s
flexibilityincullingdecisions
• Increasingbullcalvesimprovesincome,as
increasingheifercalvesallowsgreaterflexibilityin
cullingdecisions.
• Roleofgenomictesting
• Lowercullingrate

Heatstressconditionsatconception or
lategestationreducesdaughtermilk
production
Lowerbirthweightsandcompromised
transferofimmunitycompromised
calvesheatstressedinutero

• CullingforreproductivereasonsisthesingleͲhighest
reasoncowsleavetheherd.
• Reducingtheamountofcowsculledforreproductive
reasons,willallowcullingforlowproduction.

Coolingcowsduringlategestation
effectivetolessenimpactsofheat
stressoncalves

MilkQuality(SCC)AND
Components!

TransitionCowProgramͲ
Singlemostimpactonpeakmilk

Poundsofcomponentsproducedvs.
poundsofmilkproduced,whatareyou
gettingpaidfor??

• <30DIM:4%culled
• <60DIM:6%culled

•
•
•
•
•
•
•

SCC<150Ͳ200,000
Newinfections(highSCC)<5%
Clinicalmastitis/mo.<2%
%1st lact.<200,000> 90%
%oldercows<200,000> 80%
%earlylact.>200,000<10%
%culledformastitis:<8%?

Feed&ForageManagement

TransitionCowFacility
Goals:

• MaintainForageQuality
• Harvestcornsilageatthe
rightmoisturecontent
• Properlycoverbunkersand
driveͲoverpilesafter
packing
• Keepanevenface
• Removemoldyfeed
• Monitordrymattercontent
atleastweekly

9Maximizedrymatterintake:
• 18Ͳ24inchestodrycows
• 24inchestomilkingcows
• 30Ͳ36inchestopre/postfreshcows.

9Ifworkingwithexistingfacilities,priority
shouldbegiventofeedaccess

• Rationformulationvs.ration
formulation
• Choplength,mixingof
ingredients,inaccurate
weighing

980%stockingdensityifpre/postfresh
cowshavefeedaccessof24inches
9100%stockingdensityifpre/postfresh
cowshavefeedaccessgreaterthan30
inches

74

MaximizeLabor
• “Trainpeoplewellenoughsotheycan
leave,treatthemwellenoughsotheydon’t
wantto.”
• Increasingcostoflabor.
• Secondgreatestexpense– justbehind
feedexpense.
• Increasedlaborproductivity=Increased
cowproductivity.

Reference:MelissaO’Rourke,ISUEOFarm
andAgribusinessManagementSpecialist

WhatisTurnoverCostingYou?
• Estimatesare150to250percentofanemployee’s
annualwage.
• Employeemaking$10Ͳ12/hour
• Turnovercost=$37,500to$45,000at150%
• Example:
• 20employeesand10%turnover….
• Cost=$75,000to$90,000peryear
• Importantconceptstoconsider:
• Importanceofjobanalysisanddescriptions
• Recruitmentandselectionconsiderations
• Orientationandonboarding
Reference:MelissaO’Rourke,ISUEOFarm
andAgribusinessManagementSpecialist

Questions?

Questions?
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A Farm Stress Resource Package
Larry Tranel, Psy.D.
Dairy Specialist
NE/SE Iowa

Jenn Bentley
Dairy Specialist
NE Iowa

Farm Market Reality, Stress and Grief

A Farm Stress Resource Package

Farm market stress and grief gave cause
feelings of being overwhelmed, depressed,
immobilized, lack of energy, loss of hope, etc.
This can lead to exhibits of anxiety, anger,
tears and loss of good decision-making ability.

1. Farm Market Reality, Stress and Grief
2. A “PRIMER” on Farm Stress Resiliency
3. Keys When “Married” to Farm Stress
4. From One Dairy Girl to the Next
5. Helping Farm Men Under Crisis!
Fred Hall
Dairy Specialist
6. Farm Youth Stress and Challenges
NW Iowa
7. Good Grief, We Just Lost…!!!
Larry Tranel, Psy.D.
Dairy Specialist
NE/SE Iowa

With market stress and grief, people often wonder—What can I do
to get out of this mess or be able to save the lifestyle and assets?
It is important to recognize when to seek help and make informed
decisions, not out of confusion and emotion, but objective reality,
even when confusion and emotions are running high!

Jenn Bentley
Dairy Specialist
NE Iowa

Happiness Often
Just a Matter of
Perception

Farm Market Reality, Stress and Grief
Dairying Might Get Even Tougher in Reality as markets change.
Exports might not clear additional milk and processing capacity
sees constraints. Markets are not always humane--providing a
price point to balance supply and demand, even if low. Benefits of
a free market do not come without cost.
A sad reality is the probability of an extended
dairy recession even worse than the past.

Farm Happiness Index

Somebody or something needs to clear the
market, meaning producers continue to leave.
Who will it be or what will move the milk?

Weather or Prices Make Day?FEED ^
Difference affects the Kids!
+ or – TRANSFERENCE

Farm Market Reality, Stress and Grief

Farm Market Reality, Stress and Grief
Market Reality is an understanding of past market cycles, current

Making the Tough Choices and Seeking Marketing Options—while
many producers do not use a risk management tool, they are
available and can be useful. For example, the 2018 Farm Bill gives
dairy producers new market protection options, Dairy Margin
Coverage Program (DMC) which, in reality, may actually protect the
over-supply of milk.

market forces and future market opportunities based on a complex set of
economic, political, cultural and other situations that affect farm incomes
at any given point in time. Reality is the Future is UNCERTAIN!

Market Stress is an extended time where low product prices or high
input costs cause negative margins and/or negative cash flow.
Market Grief is a reaction to the loss of something (profit or way of

Options? Processing capacity sees constraints, marketing to other
processors or going Organic, Grass-Milk, A2, on-farm processing….?

life) that is loved and cherished because finances or cash flow do not
work out for extended periods of time.

Asset Values
Product Prices
Input Costs

Farmers need to be resourceful when considering how else
resources can be used. Farm alternatives or off-farm jobs might
not be a great choice, but a possibility needing consideration.

“Holy Cow!
What Do I Do Now?”
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Farm Market Reality, Stress and Grief
Every farm needs an operating plan, and as important, an exit
strategy-setting a point where one is no-longer willing to accept
equity loss and will exit the industry or reallocate resources to
another enterprise. The easiest route, is to do nothing and hope
things resolve themselves. Unfortunately, that hardly ever works.
There is life after the cows leave the barn
or even after people leave the farm. It is a
tough reality, filled with stress and maybe
even grief, but is often a necessary
outcome in times of trouble.

The problem in life is not that there are problems.
The problem is expecting life without problems, thinking that having a
problem is a problem. That, my friends, so often becomes the problem.
Know, that overcoming problems transforms and builds us into becoming
more than before. Thus, problems often ignite more wholeness in us,
which is why having a problem isn’t always a problem. -- Larry Tranel

Farm Market Reality, Stress and Grief

A “PRIMER” on Farm Stress Resiliency

Hopefully, all the market reality, stress and grief can be
worked through: making tough choices; reaching out to
others, exploring options and giving life a new reality,
whatever that might be.

Farming is dangerous and stressful. Farmers have varying degrees of
resiliency to stress to deal with the physical and mental dangers of
farming. The integrated blend of family, farming and nature can
cause unique situations of stress in farm families.

Hopefully, a new acceptance is attained that gives hope to
meaningful life—a life maybe just different than before.

Stress is normal and can be healthy as it might push us to do things
that can promote growth in us. But, too much acute stress or piled
up chronic stress makes it difficult to:
•Concentrate, remember and process information.
•Organize, calculate and make decisions
•Sleep, relax and breathe properly
•Communicate, share and bond as a family.
Chronic farm stress can weaken a person’s spirit,
appetite, physical stamina, focus, relationships,
decision-making ability and dampen happiness and
satisfaction in time. Life skills can help deal with it.

We Are In This
Boat/Situation – Together

A “PRIMER” on Farm Stress Resiliency
Resiliency can be a learned, life skill.

Perception – Our Thoughts under Stress
Reality – Our Environment in Stress
Identify – Our Emotions with Stress
Manage – Our Reaction to Stress
Extend – Our Communication of Stress
Resources – Our Support for Stress

And We Have a
Bridge/River to Cross
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A “PRIMER” on Farm Stress Resiliency

Stress can become a source of conflict BUT, can also help families
grow together as many farm families are strong because they had
gone through a tough time together.
There are smaller amounts of “MARGIN” in both time and finances in
addition to other internal and external forces in farm families.
Being Overwhelmed

Time Overload

With Stress know what you can control and what you can’t.
Accept what you cannot control, even if unfair,
An unforgiving spirit can add greatly to stress
Maintaining sense of control, even small, can make the difference!

New Norm in
Farm Life

A “PRIMER” Perception

A “PRIMER” on Farm Stress Resiliency

Families who reinterpret initial negative to more positive meanings of
their overall crisis situations, are more likely to be in control of their
stressors, to find possible solutions to crisis situations, and to adapt
well eventually to the crisis (Xu, 2007). Again, The problem is not
that there are problems or stress, the problem is expecting
otherwise and thinking that having a problem is a problem.

Too much stress can lead to anxiety, doubt, depression and
hopelessness. Chronic stress can shorten brain receptors/nerve
endings. Overcoming stress overload by developing skills can help
families have more resiliency to farm stress.

Seeing stress as normal and a means of growth is a
great tool. Accepting that life is difficult at times and
that it is in the process of overcoming difficulty that
gives life some of its meaning by helping us to grow is
often an attitude that can assist more positive
perception of stressful situations.

The Brain
in Stress

Brain = 3 lbs. but uses 25% of energy--Shutske

Resilient people don’t have less stress—Deal with it better!

A “PRIMER” Perception

Physical – 1. Eating and Exercising Well, Feeling Healthy
2. Tired/Unmotivated/Junk Food attraction/Trouble Relaxing
3. Exhausted/Binge Eating-Drinking/Aching
4. Sleeplessness/Chronic Aches/Feel Sick/Can’t Get Out of Bed

Perception is heavily related to the image or
picture we have in our minds of whatever
situation, coupled with any meaning, emotion
or attitude attached to that image or picture.

Mental— 1. Focused, Creative and Good Concentration
2. Procrastinating/Worries/Avoiding Tasks/Forgetful
3. Negative/Preoccupied/Difficulty Making Routine Decisions
4. Impaired Decision-making/Judgement/Suicidal Thoughts

An occurrence might happen to two people
and one might very positively perceive it and
the other very negatively with a wide range of
other “perceptions” in between.

Emotional—1. Propensity to Smile/Excited/Motivated to Do-Help
2. Impatient/Irritable/Discouraged
3. Anxious, Overwhelmed, Exasperated, “Peopled Out”
4. Don’t Care/Lack Hope or Help/Burdened/Social Isolation
10 Pt Scale – Add Each Category Level = 3-12
=3 Great; 4-6 Stressed; 7-9 Get Help; >9 Need Help!
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Resilient People More Proactive, Less Reactive or Passive!
Proactive—Try to

Reactive—Influenced

Passive—Wait for

Plan, Rather than Hope

Blame—Victim Mentality

Hope, Rather Than Plan

I plan to…

I can’t help being…

If you want…

I decided to…

I am not happy because…

I am looking into…

If only he/she would have…

Things will work
themselves out…

I want to…

I don’t know why I….

I will…

My ____ made me do it….

I am going to….

It’s just the way it is….

Control What They Can:

by Others and Environment

A “PRIMER” Identify
Identify emotions--so intertwined and often mangled that
identifying the underlying causes or emotion is not easy.

Things to Resolve on Own:

Anger, a secondary emotion, often is expressed due to
another emotion. Anxiety and depression often have a root
cause. Look inward to identify causes so as not to transfer
negative emotions to or onto others.

I’d like to but…

When angry, it might be easiest to transfer the
cause to the person closest to us, a spouse for
instance, since they were part of the environment
when the situation occurred, though they were not
the source. IDENTIFY and Do Not TRANSFER!

It’s not my decision…
Someday it might change
for the better..

Resilient People Do Something About -Situations

A “PRIMER” Reality

A “PRIMER” Identify

Reality is a sum of a person’s internal capacity and
external environment to understand the situation surrounding
stress or a crisis event. Some situations take families by surprise or
are beyond their control. If life events come too soon, are delayed
or fail to materialize, the health, happiness, and well-being may be
affected (Schlossberg, et. al., 1996).

The goal is positive emotions regarding stressful and
other situations. Situations exhibit chemical
reactions in our bodies that trigger our emotions. Our brains label
the experience as good, bad, happy or sad, etc. It’s a mind over
matter deal as positive thoughts are a precursor to positive
feelings or emotions.

So, the reality of farm and family stress can be normal living or it
can cause many physical, mental, personal and family ailments.
The goal is to understand the reality of the stress environment and
seek remedy. Even when faced with same situation, we each have
our own reality.

So, the skill to learn is how to identify emotions that have
occurred while thinking positive thoughts. Thus, we are about as
happy as we make up our minds to be. Choose happy and return
there even when life gets us down, though granted, easier said
than done.

A “PRIMER” Manage

A “PRIMER” Reality

Manage through stress knowing all situations have some hope,
alternatives or options. Identify what can be controlled and accept
what is beyond control without blaming oneself. Understand that
lack of clarity of future can induce stress as it brings worry,
confusion, conflict and even shame (Boss).

What We THINK will make us Happy, often doesn’t give true JOY!
Thoughts of getting a new Tractor, a better milk price, a new
home, better cows, a cooler car, keeping up with the Jones…..

Assess stress symptoms--heart rate, shallow breathing, headaches,
anxiety, outbursts, lack of focus and hope to name a few—to know
stress levels. Use the “BEE SET” tool to take the STING out of stress.

1) Once we get it, we often find that it was the thought of it,
not getting it, that gave a perception of happiness but in reality
we find out that wasn’t so.
2) If we don’t get it, we often play the blame game—life isn’t fair, I
should have gotten it and spend our lives thinking, if only, if
only I would have…, my life would have been so much better.

 The Best Place to “BEE” is Together,
so “SET” your stress straight. 
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A “PRIMER” Manage

Serotonin…neurotransmitter…contributor to feelings of well-being and

“BEE SET” —Breathe, Exercise, Eat, Sublime, Express, Talk

5 Simple Ways to Boost Serotonin

happiness…modulating cognition, reward, learning, memory, physiological processes.

Breathe deep, not shallow, using stomach breathing, slow and draw
out, to get more oxygen to the brain for better decision-making.

by Georges Sabongui @ 2018

1. Sleep—Melatonin is transformed into Serotonin. Lack of sleep causes overstimulation
of amygdala (more emotional) and understimulation of left frontal cortex (rationality)

Exercise to heart pumping levels to increase blood and oxygen flow
Eat healthy to feel better.

2. Smile—those even forced to smile report feeling happier—pencil b/w teeth 
3. Sports—exercise 7 minutes with 160 beats/minutes—point of exhaustion is ideal for

Sublime, or trade pain, using visual thinking of happy times and
places to relax mindset and change thoughts for a while.

brain. In anaerobic zone, body burns protein to manufacture serotonin.

4. Social Contact—people with broader social network, not talking twitter and

facebook, secrete more serotonin and are more resilient dealing with stress. Lack of
social support can reduce life expectancy 10-15 years (loneliness eq. of 15 cigs/day)

Express acceptance of the reality of the situation to help
focus on a response or solution instead of the problem.

5. Spirituality—connection to something bigger than ourselves. Research shows people

Talk yourself through felt emotions with positive “I can do this”
attitude, coupled with breathing, exercise, and subliming activities.

with strong spiritual practice are happier than others.

6. . Diet—Foods that contain tryptophan can increase serotonin levels include eggs, dairy,
poultry, nuts, salmon, tofu (soy), spinach, seeds, and pineapple.

A “PRIMER” Extend

Spirituality

A Few of My Favorite
Things
To Boost Serotonin

Extend oneself to others as social isolation and loneliness can
further add to stress. Those in family environments are best helped
by family members, but introverted males often do not extend their
thoughts and feelings readily to allow for healthy family support.
Guilt, shame and social stigma often inhibit extending to others for
help, as well.

Sleep/Campfire
 Smile

Feeling close to others increases oxytocin in the blood. Doing
things for others increases happiness and reduces focus on self and
personal problems—a subliming tactic!

Sports

R.I.P
S.P.

Force oneself to find things to smile and
laugh about—laughter being the best
medicine is more than a metaphor! 

Natural
Healers

Social Support
Fake Reality?

Dr. Larry Tranel
Dairy Specialist
Pastoral Psychologist

A “PRIMER” Extend

4x

What causes Serotonin Deficiency?

Difficulty is a common part of life, so realize
one is not alone. Lack of social support can be a cause of
future depression and loss of hope.

1. Prolonged periods of stress. Farming, fast paced, fast food society.
2. Genetic factors, faulty metabolism, and digestive issues can impair
absorption and breakdown of food reducing ability to build serotonin.

The goal is to become more intertwined in other’s lives.

3. Poor Diet. Serotonin is made from proteins, vitamins and minerals

Stressed people are often better helped by family and friends
who care than even by trained counselors.

4. Toxic substances. Heavy metals, pesticides, drugs, damange nerves.
5. Certain drugs and substances such as caffeine, alcohol, nicotine,
antidepressants (long term), and some cholesterol lowering medications

When extending to others, we often find new perspectives and
mindsets, not to mention better feelings of the stressful
situations at hand and experience a basic human need of
compassion.

6. Hormone changes can cause low levels of serotonin/imbalances.
7. Lack of sunlight contributes to low serotonin levels
adapted from: IntegrativePsychiatry.net
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Serotonin

You may have a
shortage of serotonin
if you have:

• a sad depressed
mood
• low energy
• negative thoughts

• feel tense and
irritable
• crave sweets or
junk carbohydrates

• reduced interest in
sex or other
activities.

Exercise—Release
Endorphins and other
neurotransmitters

The first thing you might
think of when it comes to
exercise and depression is
what is commonly known
as “runner’s high.” This
describes the release of
endorphins that your brain
experiences when you
physically exert yourself.
Endorphins are a type of
neurotransmitter, or
chemical messenger. They
help relieve pain and
stress.

Stress  Low Serotonin
 Many Symptoms  Stress
Other serotonin related
disorders include:
•Depression
•Anxiety
•Panic Attacks
•Insomnia
•Irritable bowel
•PMS/ Hormone dysfunction
•Fibromyalgia
•Obesity
•Eating disorders
•Obsessions and Compulsions
•Muscle pain
•Chronic Pain
•Alcohol abuse
•Migraine Headaches

Physical activity also
stimulates the release
of dopamine,
norepinephrine, and
serotonin. These brain
chemicals play an
important part in
regulating your mood.
Regular exercise can
positively impact
serotonin levels in
your brain. Raising
your levels of serotonin
boosts your mood and
overall sense of wellbeing. It can also help
improve your appetite
and sleep cycles, which
are often negatively
affected by depression.

Serotonin is key to
our feelings of happiness
and very important for
our emotions because it
helps defend against
both anxiety and
depression and helps:

A “PRIMER” Resources
2) Family and Community Support—immediate and
intergenerational families, and intertwined communities can be
a source of both stress and strength—attend to self-help and
other resources, and other people’s needs as family and
community support is a two way street.

• How you feel about
yourself, life and the
world around you
• Problem solving
through difficulties
and challenges
• Building relationships
and support
• Achieving goals in life

3) Problem Solving Techniques—use processes to: define
the problem/stress; consider pros and cons to alternatives;
select a plan; take action steps; identify resources; and use
group/family meetings. Be “proactive” in problem solving.
4) Goal Setting—Make them SMART—Specific, Measureable,
Achievable, Realistic and Time-Based.

Serotonin = important
key to happiness index

Good Grief….We Just Lost…

Regular exercise
also helps balance
your body’s level of
stress hormones,
such as adrenaline.
Adrenaline plays a
crucial role in your
fight-or-flight
response, but too
much of it can
damage your health.

1) Farming is a high risk occupation both in physical
safety and financial security. The natural environment with
weather, market forces and hard work can end in profit or loss.
2) Loss is a reality to farming in the event a cow dies, a crop is
flooded or cash flow and finances even causes loss of the farm.
3) Grief is experienced as normal and can even be healthy as one
reacts to the loss of something that is loved and cherished. Dealing
with grief is a learned skill to help one understand grief, not to
overcome it, but process through it to hopefully return to normal
functioning over time.

Adapted from Healthline

Too much adrenaline
due to Chronic stress
can fry/shorten nerve
receptors.

Exercise!

Good Grief….We Just Lost…

A “PRIMER” Resources
Resources are important in life. Families that are able to make
positive meaning of their stressors and use effective coping
strategies as well as internal and external resources are more likely
to adapt as well (Xu, 2007). This applies to individuals, too! Internal
resources and coping strategies are in other sections. External
resource needs tend to focus on things that help develop skills in:

1) Loss is a life event where someone or something that is
loved suddenly or slowly ceases to be a part of our lives.
2) Dealing with an acute loss (barn fire, death in family) or a
chronic loss (loss of profits over time), or an ambiguous
loss (not sure of the what, how and whys of a loss) all
need the process of grief to deal with the loss.

1) Interpersonal Communication—everyone has their own beliefs,
feelings, needs and agenda to be shared. Knowing healthy/ideal
versus unhealthy/common behaviors can separate success and
failure in overcoming stress/conflict.

3) Even though loss is typically bad, the
“grief process” can be good in helping
one deal with the loss and return to
meaningful life in due time.
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Deacon Larry’s “Good Grief” recipe:

The magnitude and abruptness of the loss
determines the amount of shock, denial, anger and
anxiety that may occur and the associated feelings.

Grief is unique—everyone needs their own recipe
Grief takes time—let it work in due time
Grief has loss—keep the memories alive
Grief can cause anger—be aware in response
Grief is messy—let the mind and body cry
Grief is “extreme” stress—practice safety
Grief tastes bitter—recall the happy times
Grief can be lonely— others feel helpless
Grief stops one’s world—the world moves on
Grief needs empathy—but accept the sympathy
Grief needs comfort—make healthy choices
Grief needs exercise—“move” your spirit into it
Grief needs hope—tend to feelings of despair
Grief needs a smile, at least once in a while! 

Feelings of being
overwhelmed,
depressed,
immobilized with
lack of energy, is an
area of biggest
concern as loss of
hope may cause
unhealthy decisions.
Hopefully, through
the struggle and
reaching out in
dialogue to others,
exploring options
and life without, a
new acceptance can
be attained, with a
return to a
meaningful life—
life just different
than before.

With grief, people often wonder--are YOU over it YET?
With “Good Grief”, the goal is NOT to get over it, but to savor the
memories of what was lost, and process through grief to return to a
meaningful life in one’s own time.

“Too often we underestimate the power of a touch, a
smile, a kind word, a listening ear, an honest compliment,
or the smallest act of caring, all of which have the
potential to turn a life around.”
-- Leo Buscaglia
Let “Good Grief” Build Stamina to Survive
What We Didn’t Think Possible—
for “Good Grief’s” Sake!
Deacon Larry Tranel, Bereavement Minister

Good Grief….We Just Lost…

A Farm Stress Resource Package

1) Isolation of many rural farm families is not a friend
to the “Good Grief” process—family and community support is
often the best medicine, research shows, even moreso than
trained counselor—though may be important in the process, too.

1. Farm Market Reality, Stress and Grief
2. A “PRIMER” on Farm Stress Resiliency
3. Keys When “Married” to Farm Stress
4. From One Dairy Girl to the Next
5. Helping Farm Men Under Crisis!
Fred Hall
Dairy Specialist
6. Farm Youth Stress and Challenges
NW Iowa
7. Good Grief, We Just Lost…!!!

2) Many sharp, entangled emotions go through the grieving person.
When it is the loss of a dairy herd or farm, knowing this tradition is
coming to an end, can cause farmers to feel shame and failure.
An accident or loss of assets can cause farmers to feel guilt.
3) Males are engrained to protect and provide for their families and
feel at fault even though external market forces, which farmers
have no control over, are making it difficult for many others to
survive in the same farm climate. Know one is not alone!

Larry Tranel, Psy.D.
Dairy Specialist
NE/SE Iowa
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Jenn Bentley
Dairy Specialist
NE Iowa

Beyond Lysine and Methionine: What Have We
Learned About Histidine?
Ranga Appuhamy
Department of Animal Science
Iowa State University
Ames, IA
IntroducƟon

cluded that not only his dine but also methionine
and lysine were limi ng for milk protein produc on
in cows consuming similar diets. We hypothesized
that bringing those literature data into one place and
conduc ng a global sta s cal analysis would help us
more accurately understand the limita ons of his dine rela ve to that of methionine and lysine in cows
consuming other cereal forages and grains than corn.
Therefore, we conducted a meta-analysis using data
from controlled-studies where his dine was supplemented with or without methionine and lysine in
lacta ng dairy cows fed grass silage and other cereal
grain-based diets.

Amino acids are the building blocks of protein synthesis. Of 20 amino acids usually taking part in
protein synthesis, the body is able to produce only
10 in adequate quan es. Therefore, the other 10
amino acids (arginine, his dine, isoleucine, leucine,
lysine, methionine, phenylalanine, threonine, tryptophan, and valine) must be obtained in the diet and
thus called essen al amino acids. It is now a common
knowledge that a deficiency of one or mul ple essenal amino acids would significantly limit milk protein
synthesis in lacta ng dairy cows. Lysine and methionine are considered the most limi ng amino acids
for dairy cows in North America, as commonly used
feeds such as corn and soybean are deficient in those
two amino acids. Nonetheless, marked increases in
prices of those conven onal feeds in recent years
have prompted many considera ons about alterna ve feeds for dairy cows. In this context, par al
replacement of corn with other cereal grains such as
barley and wheat has been recognized as a promising strategy. Moreover, along with greater demand
of forage inventory, nutrient management in dairy
farms has promoted growing more and more cerealgrain cover crops such as rye, oats, wheat, tri cale,
and barley. Those crops uptake more nutrients from
manure and be er tolerate cold weather in winter
and fall than corn. Nonetheless, cereal cover crop
forages contain 20 to 30% greater rumen degradable
protein than corn silage indica ng an increased contribu on of microbial protein to the amino acid supply for milk produc on. Bergen et al. (1968) demonstrated that rumen microbial proteins were deficient
in his dine compared to the requirements of protein
synthesis in the body. There have been several studies focused on the impact of supplementa on of hisdine in dairy cows fed grass silage and other cereal
grain supplements. However, the conclusions par cularly about the limita ons of methionine and lysine
were mixed. For instance, Vanhatalo et al. (1999) and
Korhonen et al. (2000) concluded that his dine was
the first limi ng amino acid, while neither methionine nor lysine were the second limi ng, when grass
silage-based diets were supplemented with cereal
grains. On the other hand, Kim et al. (2000) con-

Materials & Methods
Twenty-five observa ons (treatment means) of dry
ma er intake, diet composi on, milk yield and composi on, and amino acid dose were obtained from
seven studies (Choung et al., 1995; Vanhatalo et al.,
1999; Kim et al, 2000; Korhonen et al., 2000; Kim et
al., 2001; Huhtanen et al., 2002; Haque et al., 2012).
These studies included abomasal or intravenous infusion of his dine rela ve to a control group (saline infusion). A summary of basic characteris cs of the diet
and cows are given in Table 1. All the studies except
one (Haque et al. 2012) used silage made of perennial rye grass, mothy grass or meadow fescue grass
as the only forage. Barley grain was the primary concentrate supplement in all the studies. The average
sample size was four cows and ranged from two to six
cows per treatment. The 25 observa ons altogether
represented a popula on of 107 early- and mid-lacta ng mul parous Holstein (52%) and Ayrshire (48%)
cows in Finland, United Kingdom, and France. The
site of amino acid infusion was however confounded
in breed as all the Holstein cows received amino acids
via intravenous infusions, whereas all the Ayrshire
cows received them via abomasal infusions.
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Of 25 observa ons, 12 observa ons were related
to infusion of his dine without methionine or lysine. Three of those his dine infusions also included
leucine but they were s ll considered to include
only his dine (His) as the eﬀects of leucine were
negligible. Six and seven observa ons were related
to infusions of his dine with methionine and lysine
(His+ML) and with methionine, lysine, and tryptophan (His+ML+Trp), respec vely. Table 2 gives the
dose of individual amino acids infused in each treatment group. Infusion of his dine alone or with other
Infusion of his dine alone or with other amino acids
did not change milk fat yield compared to that of
control cows. Infusion of his dine alone however
decreased milk fat content by 0.17 (P = 0.001). In line
with milk yield increments, infusion of his dine alone
increased milk lactose yield by 36.6 g/d (P < 0.001).
The addi ons of tryptophan methionine, and lysine
nullified that eﬀect (P = 0.619). Infusion of his dine
alone did not change milk lactose percentage (P =
0.244) but infusion of his dine with methionine and
lysine or with methionine and lysine plus tryptophan
reduced milk lactose percentage in addi ve manner
(-0.06±0.03 and -0.26±0.05 percentage units, respecvely).

Results
The mean changes in DMI, milk yield, and milk component yields for supplementa on of His alone or
with other amino acids are given in Table 4. Supplementa on of his dine alone at a dose of 6.5 g/d
increased DMI by 0.25 kg/d (P = 0.002). Addi on
of methionine and lysine or methionine and lysine
plus tryptophan to his dine infusions did not significantly change that increment. When adjusted to the
site of infusion, supplementa on of his dine alone
was related to a 0.94±0.16 kg/d increase in milk
yield (P<0.001). Again, the addi ons of other amino
acids did not change the milk yield increment. In line
with the milk yield increase, protein yield increased
by 35.0 g/d for the his dine supplementa on (P <
0.001). Addi on of methionine and lysine to his dine did not change the protein yield increment (P =
0.466) but addi on of them with tryptophan tended
to further increase the protein yield increment to
74.4 g/d (P = 0.069). Supplementa on of his dine
alone tended to increase milk protein content by
0.04 percentage units (P = 0.081) compared to the
milk protein content of control cows (3.0%, Table 1).
Addi on of methionine, lysine, and tryptophan to
his dine further increased milk protein content increment to 0.21 percentage units.

The mean eﬀects of His, His+ML, or His+ML+Trp on
a given response (e.g., milk yield) was calculated in
terms of mean diﬀerence (MD), which is the diﬀerence in the response variable between control and
amino acid infusion treatment in each individual
study.

Conclusions
Regardless of the site of infusion (or breed), supplementa on of his dine alone (6.5 g/d) increased DMI
(0.25 kg/d), milk yield (0.94 kg/d), milk protein yield
(35 g/d), milk protein content (0.04 percentage units)
and milk lactose yield (37 g/d) ), and decreased milk
fat content (0.17 percentage units). Supplementaon of his dine (6.5 g/d) with methionine (8.2 g/d)
and lysine (16.1 g/d) did not aﬀect those changes.
However, addi on of tryptophan into a mixture of
his dine (6.5 g/d), methionine (7.3 g/d), and lysine
(25.8 g/d) further improved milk protein yield and
milk protein content by 74.4 g/d and 0.21 percentage units, respec vely. Again, the real cause of those
improvements were not clear, as the supplementa on of tryptophan was confounded in diﬀerent
lysine: methionine ra os. Overall, this meta-analysis
supports previous observa on that his dine is significantly limi ng for milk protein produc on in dairy
cows consuming grass silage and cereal grain-based
diets. Moreover, it is likely that a tryptophan deficiency or an improper ra o of lysine and methionine
could also be limi ng for milk protein produc on in
those cows.

MD=Mean response(control)Mean response (treatment)
The MD were then combined and summarized across
all the studies using the metafor package in R so ware as described in Appuhamy et al. (2013). The
present approach of meta-analysis accounts for the
random variability of individual studies. A preliminary data analysis revealed that the site of infusion
(or breed) had a significant impact on the producon responses to amino acid infusions (Table 3). For
instance, cows receiving intravenous infusions were
related to a significantly greater milk yield increases
than cows receiving abomasal infusions. Therefore,
the eﬀects of His, His+ML, and His+ML+Trp on each
response of interest were adjusted for the variability
in the site of infusion by including it in the sta s cal
models.
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Table 4. Mean (±Standard error) changes in DMI and produc on performances of lacta ng dairy cows
for infusion of his dine alone (+His), his dine plus methionine and lysine (His+ML), and his dine plus
methionine, lysine, and tryptophan (His+ML+Trp), when adjusted for the site of infusion
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Rearing Calves for Maximum
Production and Health
Alex Bach
ICREA and Department of Ruminant Production, IRTA
alex.bach@icrea.cat

Introduc on

is important, it is also crucial to ensure that heifers
calve with an adequate body weight (BW). Evidence
from the literature (Hoﬀman and Funk, 1992; Bach
and Ahedo, 2008) suggest that age at first calving has
li le correla on with milk produc on during the first
lacta on provided AFC is above 22 months, and BW
seems to have a larger eﬀect on milk produc on than
age. Bach and Ahedo (2008) showed that for every
70 kg of BW at calving, an increase of 1,000 kg of milk
yield during the first 305 d of the first lacta on could
be, on average, expected. Therefore, a reasonable
target for raising dairy heifers under intensive condions would be achieving a first calving between 22
and 24 months with a BW about 650 kg, or assuming
an 11% loss in BW a er parturi on, a BW a er calving of about 580 kg.

Improving performance and profits of dairy enterprises focuses typically on feeding and managing the
lacta ng herd. However, this approach o en results
in a less-than-desirable a en on to decisions pertaining to calves and heifers. This less-than-desirable
a en on to calves and heifers is likely to be one
the most important reasons behind the astonishing
failure rate of the new products of the dairy industry
(i.e. heifers a er first calving). Several studies report
that between 9 and 17% of the heifers that reach
first calving do not finish the first lacta on (Bach,
2011; Sherwin et al., 2016). This figure is due to many
aspects, but basically, it is related to a combina on
of inadequate nutri on and rearing prac ces coupled
with lack of suﬃcient on-farm informa on to properly manage young stock. Contrarily to the situa on
in lacta ng cows, where management is based on
records of milk yield, milk composi on, feed intake,
body condi on, etc..., the most common situa on
in heifer rearing is that management is based on
“feeling” rather than being based on methodic data
collec on and record keeping. This ar cle will review
several nutri onal aspects aimed at improving performance of calves through nutri on and management with special emphasis on poten al long-term
eﬀects on produc vity and health.

Thus, the ques on becomes what is the best growth
curve to achieve 650 BW at 22 months. Most producers believe that the most expensive rearing period
of calves is between birth and weaning (due to high
feed costs and labor intensive procedures). This is
partly true: the cost of each kilogram of feed (either
starter concentrate or milk replacer) is, in many
occasions, the greatest among the feeds in a farm.
However, this does not directly imply that the return on the investment associated with pre-weaned
calves are the greatest. The goal when rearing calves
is to achieve 650 kg at 22 months of age, thus, calves
need to put about 540 kg (580 kg of final BW minus
40 kg of BW at birth) of true BW (not accoun ng for
the placenta and the baby calf they will carry during the last 9 months). Ironically, and despite that
the unit cost of starter feed and milk replacer (MR)
are high, every kilogram of BW achieved during the
first 2 months of life is less expensive that a kilogram deposited when the heifer is 18 to 20 months
of age. The reason for this is that feed eﬃciency
(the propor on of feed that is converted into BW) is
greatest (about 60%) during the first 2 months and
lowest during the last months of pregnancy (about
7%). Thus, the high eﬃciency of conversion of MR
and starter feeds oﬀsets their high costs, and growing fast during the 2 months is more economically
advantageous than postponing the deposi on of
these kilograms during the last phase of the rearing
period (despite unitary feed cost are fairly low at that

Economic Consequences of Calf Rearing
Raising dairy replacements properly may represent
important economic savings and lead to a reduced
environmental impact of the dairy enterprise.As an
example, a dairy herd milking 100 cows, can generate
an anual net-profit of ~10,000 $US just by reducing age at first carving (AFC) from 28 to 24 months.
Genera ng the same economic profit through improvements in milk produc on, with 100 cows, would
require to increase average daily milk yield by at least
6-7 kg per cow and day. Both target (decrease AFC
or increase milk produc on) are doable, but the first
one is much easier and plausible to a ain that the
la er; however, in many instances producers and
consultants strive to increase a couple of liters milk
yield whereas much greater profits could be gathered by decreasing AFC. Nevertheless, not only age
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stage). More important, the most economically efficient growth during the rearing process occurs a er
weaning, when calves can u lize solid feed (rela vely
inexpensive at that age) with feed eﬃciencies around
30% (Bach et al., 2017b).

(i.e., vitamin B12 and folic acid) during pregnancy
has an eﬀect of the epigenome of the oﬀspring, and
the changes in methyla on pa ern of the oﬀspring
diﬀers between daughters born to heifers compared
with daughters born to lacta ng cows (Figure 1).
However, we do not yet know whether these changes
exert a posi ve or nega ve influence in performance
at adulthood. Jacometo et al. (2016) reported that
supplemen ng lacta ng dams with methionine (a
methyl-donor) resulted in calves that underwent
a faster matura on of gluconeogenesis and fa y
acid oxida on in the liver, which would be advantageous for adap ng to the metabolic demands of
extra-uterine life. On the other hand, the long-term
eﬀects associated with greater planes of nutri on
could also be mediated by non-epigene c changes.
For instance, feeding a MR rich in linolenic acid (1.5%
of the total DM) compared with a regular MR (providing 0.45% of linolenic acid) modified the expression of hepa c genes, including genes predicted to
decrease infec ons and to increase lipid u liza on
and protein synthesis (Garcia et al., 2016). However,
whether these changes were just a result of diﬀerences in metabolic pathways or a consequence of
epigene c changes (which would then have a sustained response) was not determined in that study,
but it is likely that the observed eﬀects were a result
of both, metabolic ac vity and some changes in the
epigenome. Geifer et al. (2017) hypothesized that
increased planes of nutri on during the pre-weaning
period enhances the responsiveness of the mammary
ssue to mammogenic s mulus as they reported an
increase in the expression of estrogen receptors in
the mammary gland of animals fed increased planes
of nutri on compared with tradi onally-fed calves.

Performance at Adulthood as Aﬀected by Plane of
Nutri on Early in Life
Before birth
It is well established that nutri on represents one
of the greatest environmental determinants of an
individual’s health and metabolic ac vity, and that
it is likely that today’s cow, with high milk yield but
also reproduc ve and metabolic challenges, is not
only a consequence of gene c selec on, but also the
result of the way her dam was fed and the way she
was fed early a er birth (Bach, 2012). However, the
mechanisms involved in orchestra ng the interacon between nutri on and gene c and epigene c
modifica ons is fairly unknown, and thus the potenal long-term eﬀects of nutri on through modificaons of gene expression are o en overlooked.
Figure 1. Cluster analysis of CpG sites diﬀeren ally
methylated (P < 0.01) in the oﬀspring born to lactating (A) dams or heifers (B) that received a supplementa on of methyl donors or a placebo during
early pregnancy. Control lacta ng dams received a
placebo, whereas MET dams received weekly administra ons of 200 mg of folic acid and 20 mg of vitamin
B12. Control heifers received a placebo, whereas
MET dams received weekly administra ons of 100
mg of folic acid and 10 mg of vitamin B12. (Adapted
from Bach et al., 2017a)
A)

B)

Liquid Feeding
Right a er birth, we must ensure that the newborn
calf receives an adequate amount of an bodies and
nutrients to avoid illness during the early stages of
life. Most emphasis in colostrum has been placed on
immunity and we have o en forgo en that colostrum provides a large amount of nutrients (mainly
protein and fat). Calves, only receive colostrum 2 or
3 mes and then they are moved to whole milk or
MR with a substan al reduc on in nutrient supply. To
par ally compensate for this diﬀerence, some producers are increasing the DM of MR by using dilu on
rates of 15% rather than the tradi onal 12.5% (similar to the solid contents of milk). However, the relave propor on of nutrients oﬀered in MR s ll diﬀers
quite dras cally from that found in whole milk, and
there is some controversy about the op mal rela ve
propor on of nutrients in MR. For instance, Hill et al.
(2006) concluded op mal concentra on of protein
and fat in MR should be approximately 26% CP and
17% fat, which was later corroborated by Hill et al.

There is evidence that providing high planes of nutrion in calves results in posi ve long-term eﬀects
on produc on (Bach, 2012; Soberon et al, 2012;
Gelsinger et al., 2016). Furthermore, two prospecve studies indicated that growth rate early in life
is posi vely correlated with survivability to second
lacta on (Bach, 2011; Heinrichs and Heinrichs,
2011). However, whether these changes are due to
epigene c modifica ons is currently unknown. It is
likely that supplementa on of methyl donors during
pregnancy may have an influence in the regula ng
epigene c marks. Some recent evidence (Bach et al.,
2017a) shows that supplementa on of methyl donors
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(2009b) who reported a linear decrease in average
daily gain (ADG) as the CP of MR decreased from 27
to 25 and 23% while maintaining fat content fixed at
17%. Daniels et al. (2009) reported no diﬀerences in
growth rate between 5 and 9 weeks of calves oﬀered
950 g/d of a MR containing either 28% CP and 20%
fat of 28% CP and 25% fat although calves oﬀered
the 27:28 MR tended to grow more between weeks 5
and 7 than those fed the 28:20 MR. Similarly, Morrison et al. (2009) compared one MR providing 21% CP
and 18% with one providing 27% CP and 17% fat and
reported no diﬀerence in ADG between calves fed
either 5 or 10 l/d of each MR, and Hill et al. (2009a)
reported no diﬀerences between calves fed a MR
containing 27% CP and 20% fat or 27% CP and 17%
fat. A poten al reason for the lack of response to
increased fat or protein supply through the MR could
be, in part (other reasons could include inadequate
amino acid or fa y acid profile, poor diges bility of
the ingredients used), changes in solid feed intake,
but, Hill et al. (2009a) reported that calves fed a MR
containing 27% CP and 31% fat achieved equivalent
solid feed intakes than calves consuming a MR containing 27% CP and 17% fat, but surprisingly, calves
fed the high-fat MR had a lower ADG compared with
those fed the one containing 17% fat. In a former
study, Hill et al. (2007) had already reported that
adding energy in MR via lactose or CP, but not via
fat, improved ADG. However, oﬀering MR with about
27% MR and about 17% fat results in an oversupply
of lactose (>45%). Lactose, diﬀerently from fat, is
vigorously fermented by intes nal bacteria and may
represent a risk for diarrhea.

Figure 2. Dry feed intake during the first 42 d of the
study as aﬀected by the level of milk replacer (MR).
Open circles denote 8 L of MR/d and solid circles
depict 6 L of MR/d. Asterisks indicate days of study
when dry feed consump on diﬀered (P < 0.05)
between MR allowances. Adapted from Bach et al.
(2013b).

Solid Feeding
Some schools of thought have proposed that the posi ve eﬀects on future milk produc on observed when
providing high planes of nutri on early life could
only be achieved by providing increased amounts
of MR (Soberon et al., 2012). However, Bach et al.
(2012) and more recently (Gelsinger et al., 2016)
have described that nutrients supplied from liquid or
solid feeding are equally eﬀec ve in inducing posi ve
long-term eﬀects in milk produc on. Thus, fostering solid feed intake should be a pivotal objec ve for
any rearing program mainly because 1) it will help in
improving nutrient supply and growth, 2) will contribute to increase milk produc on in the future, 3) will
enhance rumen development, and 4) will facilitate
the weaning process. Calves fed high milk allowances
tend to struggle during transi on onto solid feed, and
part of the growth advantage achieved before weaning may be lost due to (1) diminished consump on of
nutrients, and (2) reduced diges bility. Early dry feed
consump on fosters early rumen microbial development, resul ng in a greater rumen metabolic ac vity
(Anderson et al., 1987). Thus, the high level of MR in
calves following an enhanced growth feeding program, may delay the start of dry feed consump on,
and consequently, it may delay rumen development
making it diﬃcult to wean calves and maintain rapid
growth rates. This may have important economic
consequences (in addi on to some poten al health

Based on economic arguments and empirical evidence of increased longevity and produc vity associated with improved growth rates early in life, the
industry is now providing larger amounts nutrients to
sustain rapid growth rates (>850 g/d) during the first
2 months by mainly oﬀering larger volumes of milk
or MR. An “ideal” feeding program for calves could
probably consist on feeding 6 l/d at 15% (900 g/d of
solids) along with a highly palatable starter feed and
some chopped high-fiber forage (see below). Oﬀering
8 l/d may foster increased growth rates early in life
but is likely to compromise intake of starter (Bach et
al., 2013b; Figure 2) and if fed twice daily may foster
insulin resistance in calves (Bach et al., 2013a). Nevertheless, concerns about incurring in long-las ng
detrimental eﬀects due to insulin resistance seem
unlikely as Yunta et al. (2015) showed that a er 20
d a er weaning there were no diﬀerences in insulin
sensi vity among calves fed 4, 6, o 8 L/d of MR during the first 2 months of life.
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issues). Average daily gain right a er weaning is the
most profitable one during the en re rearing period
of a heifer, and in addi on, ADG during the late phase
of weaning transi on (between 160 and 230 d of age)
is posi vely correlated with future milk produc on
(Bach and Ahedo, 2008).

low fiber content of the complete starter should be
avoided (Jahn et al., 1970; Thomas and Hinks, 1982).
But, later, in the 70’s the concept of textured starter
was introduced (Warner et al., 1973). It was then assumed that with textured starters no addi onal feeding of forage was needed. However, several authors
(Kincaid, 1980; Thomas and Hinks, 1992; Phillips
2004; Suárez et al., 2007; Castells et al., 2012) have
reported either an increase in starter intake or no
eﬀect on total feed consump on with the inclusion
of dietary forage. Castells et al. (2012) oﬀered an 18%
NDF and 19.5% CP pelleted starter in conjunc on
with diﬀerent sources of chopped forage to young
dairy calves, and reported that feeding chopped grass
hay or straw improved total dry feed intake and rate
of growth, without impairing nutrient diges bility
and gain to feed ra o. In contrast, when the forage
was alfalfa hay, these benefits were not observed.
Several studies (Hill et al., 2008) have argued that
feeding forage (hay and straw) to pre-weaned dairy
heifers reduces starter and overall dry ma er consump on. It is important to note that, in the studies
by Castells et al. (2012, 2013), when calves were fed
ad libitum chopped alfalfa hay, forage intake was 14%
of total solid feed intake, whereas when calves were
oﬀered chopped oats hay, forage consump on did
not surpass 4% of total solid feed intake. Nevertheless, some nutri on consultants do not advocate for
forage feeding and propose feeding texturized starter
feeds, but their success will depend on 1) the scraping ability of the starter feed, and 2) the amount of
solid feed consumed by the calf. If calves consume
large amounts of starter feed, even a texturized starter feed may fail providing suﬃcient scraping ac vity
in the rumen. Thus, from a prac cal point of view and
to remove uncertainty, feeding high-fiber (>60 %NDF)
chopped forage along with a starter feed is likely to
result inadequate growing performance. Lastly, an
important considera on regarding feeding chopped
forage to calves, is that it needs to be well and consistently chopped at about 2.5 cm in length and despite
the fact that it must be high in fiber (>60%NDF) it
must be of high quality (i.e., free of molds, mycotoxins and other impuri es).

There are several strategies to improve starter feed
intake and suppor ng greater ADG early in life. One
strategy consists of including ‘palatable’ ingredients
in the formula on of the starter. Miller-Cushon et al.
(2014) evaluated the palatability of several energy
and protein ingredients concluded that corn gluten
feed and corn gluten meal should be avoided, and
wheat, sorghum, corn, soybean meal should be
priori zed to increase palatability of starters. Oats,
which are commonly included in starters, were found
to have low palatability, and thus their inclusion in
formula on of starter should not be forced, and if
possible it should be avoided. In terms of nutrients, a
good starter should contain 18% CP and 3.2 Mcal/kg
of metabolizable energy, although starters containing 20% or more CP may have some benefits right
a er weaning when rearing calves in intensified milk
regimes to provide suﬃcient metabolizable protein
and ensure amino acids do not limit growth. In fact,
Stamey et al. (2012) reported increased solid feed
intake around weaning (with ~300 g diﬀerence in DM
intake at weaning) when comparing calves fed ~900
g/d of solids from a MR with 28.5% CP and 15% fat
and a starter feed containing 25.5% CP compared
with one containing 20% CP. However, when oﬀering
restricted amounts of milk, feeding starter feeds with
>22% CP (DM basis) provides no addi onal advantage
in growth (Akayezu et al., 1994). Thus, it seems that
with large milk allowances, calves may benefit from
increased CP supply via starter feed. Lastly, it may
seem logical to limit starch content to avoid acidosis,
but the calf actually needs starch, not only for rumen
development (as its fermenta on will generate large
amounts of vola le fa y acids that s mulate papillae growth), but also to provide energy to sustain
growth. Thus, inclusion of low levels of starch in
starter feeds is not recommended. In general, feeding
starter feeds containing between 30 and 35% starch
should be adequate (Bach et al., 2017b).

Weaning Calves
With the introduc on of enhanced feeding programs,
which consist of feeding large volumes of milk or
even providing milk ad libitum, calves depend less on
starter feed intake to meet their nutrient needs, and
solid feed intake generally represents about <60%
of total feed intake the week preceding weaning. In
other words, with some enhanced feeding programs,
calves are weaned with solid feed intakes around
500 g/d (Terré et al., 2007), which makes it impossible for the calf to maintain adequate ADG during
the first weeks of transi on. This growth slump has 3

Several studies (Khan et al. 2011; Castells et al.,
201; Castells et al., 2013; Montoro et al., 2013) have
shown that an eﬀec ve method to foster solid feed
intake of calves, contrary to what it has been tradi onally recommended, is to provide ad libitum
access to poor quality (nutri onally) chopped straw
or chopped grass hay. In the last century, it was
believed that feeding a fiber source to young dairy
calves was necessary because it improved rumen
health and that if no forage was provided to calves,
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main consequences: 1) poten al reduc on of milking performance at adulthood; 2) increased risk for
disease, especially bovine respiratory disease (BRD);
and 3) economic loss. Heinrichs and Heinrichs (2011)
reported that milk yield during first lacta on was
posi vely correlated with the amount of solid feed
consumed by calves at weaning (among other factors), and Ollive et al. (2012) reported that fecal
scores improved faster among calves challenged with
Cryptosporidium parvum and receiving a high plane
of nutri on compared with calves on a low plane
of nutri on. Lastly, given that feed eﬃciency and
growth poten al are high and feed cost is rela vely
low during the transi on, this represents the most
profitable period to foster BW accre on and development. The aim should be achieving an ADG in the
week following weaning greater >1.2 kg/d, and thus
calves should not be weaned un l they are consuming at least 2.0 kg/d of starter feed (Figure 3).

Figure 3. Rela onship between solid feed intake
the week preceding weaning and average daily gain
the week a er weaning (Adapted from Bach et al.,
2017b).

Lastly, an important aspect of weaning calves is the
way they are socialized. Dairy calves have tradi onally been reared individually, with the main purpose
of stemming the spread of disease, a growing body
of literature suggests several benefits of social housing in which two or more calves are housed together.
Social housing allows for normal social development
of the calf, and calves reared in groups respond to
novel social situa ons with less fear and reac vity
(de Paula Vieira et al., 2012). Social housing has been
shown to encourage a greater solid feed meal frequency and intake before and during weaning (Bach
et al., 2010; de Paula Vieira et al., 2010), may support greater ADG and reduce stress (de Paula Vieira
et al., 2010) through weaning, and might reduce the
severity of BRD (Bach et al., 2010). Similarly, grouping
calves either at weaning me or during preweaning
(Bach et al., 2010), when milk oﬀer is reduced, can
result in increased feed intakes and performance.
Similarly, social housing at 1 week of age has been
reported (Costa et al., 2015) to support greater
intake and growth compared with calves grouped
at 6 weeks of age; other studies also report similar
results when providing social contact to calves before
3 weeks of age when feeding rela vely large amounts
(~1.0 kg/d) of milk (Jensen et al., 2015).

Summary
Rearing costs represent a large investment for dairy
producers. Implemen ng adequate rearing programs
not only should result in op mal rearing cost but it
should also ensure maximum return on the investment through improved produc vity and longevity.
There exists substan al evidence that generous
growth during the first 2 months of life results in
improved milk performance at adulthood, and ironically, calves that grow faster early in life are commonly less expensive at first calving than those that
grow more slowly.
This rapid growth can be achieved by providing about
~1 kg of milk powder per day along with a highly
palatable pelleted starter feed fed next to free access
to a chopped (~2.5 cm) high-fiber (>60% NDF) grass
hay or straw.
Fostering growth right a er weaning is highly desirable to lower rearing costs. For this reason, the
weaning program must avoid the common growth
slump that occurs when feeding generous amounts
of milk. Thus, calves should no be weaned un l they
consume at least 2 kg/d of starter feed. Also, calves
benefit from being weaned in groups rather than in
individual hutches, and this should be moved into
group housing as early as possible (ideally around 21
d at the latest).
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14% Pregnancy Rate Scenario

Dairy Replacement Calculator
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Adult cows = 1,000



21-day Pregnancy Rate = 14%



Set culling rate to 40%
Springing heifers required = 468

ŶĞƚ

Springing heifers produced = 333
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Difference = -135

ϳй

Old Problem - Insufficient Heifers

TARDIS
Time
And
Relative
Dimension
In
Space

When you cannot generate enough of your
own pregnancies, you have to buy
pregnancies
Cost of a springing heifer > $2,000
Buying an extra 135 heifers per year results in

$324,000 per year for a 1,000 cow dairy

2019

U.S. 21-day Pregnancy Rate - 2019

WI 21-day Pregnancy Rate - 2019

7,051 DRMS herds; 1,798,000 Holstein cows

464 DRMS herds; 183,000 Holstein cows

Mean = 23.2%

Mean = 21.6%

~60% >20%

~75% >20%
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US 21-day Pregnancy Rate Change

BREDSUM By Times Bred
January, 2016 to January, 2017

7,051 DRMS herds; 1,798,000 Holstein cows

+2.4%

2014

2015

2016

2017

90%
pregnant
after 3 AI

2018

2019

30% Pregnancy Rate Scenario

30% Pregnancy Rate Scenario

Adult cows = 1,000

Adult cows = 1,000

21-day Pregnancy Rate = 30%

21-day Pregnancy Rate = 30%

Springing heifers required = 437

Set culling rate to 40%

Springing heifers produced = 437

Springing heifers required = 353

Difference = 0

Springing heifers produced = 453

Culling rate at breakeven = 56%

Difference = +100

1995 to 2015

New Problem – Too Many Heifers!
Rearing costs from birth to calving = $2,100

Pursley et al.

Fricke et al.

Souza et al.

Carvalho et al.

Ovsynch Field Trial

Resynch

Double-Ovsynch

Resynch + 2nd PGF

95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

UW-Extension 2015 Dairy Replacement ICPA Survey

Top grade springing heifers = $800

Pursley et al.

Moriera et al.

Bello et al.

Brusveen et al.

Ovsynch

Presynch-Ovsynch

G6G

DO + 2nd PGF

Stratford, WI – March 11, 2019

Cost of each extra heifer = $1,300
Raising an extra 100 heifers per year results in

$130,000 per year in excess rearing costs

Synch
Protocols

for a 1,000 cow dairy
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Fertility
Programs

http://www.dcrcouncil.org/

http://www.dcrcouncil.org/

2017 DCRC Awards
Award

100%
TAI

100%
EDAI

EDAI/TAI
+EDAI
+Resynch

100% TAI 1st AI
+ EDAI
+ Resynch

Platinum

0

0

2

4

Gold

0

0

4

2

Silver

0

0

3

3

Bronze

0

0

4

2

Total

0

0

13

11

SR=100%

49%
n=294

39%
n=284

Pregnancy rate for the DCRC Platinum award
winners from ranged 30% to

47%

SR=78%

% pregnant cows at 110 DIM: 49 vs. 30

Body Condition Scoring
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1

2

Emaciated

Thin

BCS is a noninvasive method for
estimating fat stores in live cows.
Define: Ratio between amount of
fat to the amount of nonfat matter
(water, protein, ash) in the body of
a living animal.
Body condition change is an easy
way to assess energy balance on
farms.

3
Average

4

5

Fat

Obese

Britt, 1992

Britt, 1992
n

High
cows

Low
Cows

46

30

P-value

Milk yield (Kg)
Average first 10 weeks

26

27

Average yield for 305 d

8,155

8,272

62
61

25
42

Conception rate (%)
First service
All services

<0.05
<0.05

Three Studies:
Relationships among changes in
body condition score (BCS) and
reproduction in lactating dairy cows
 Carvalho et al., 2014
J. Dairy Sci. 97:3666-3683

 Barletta et al., 2017
Theriogenology 104:30-36

 Middleton et al., 2019
J. Dairy Sci. 102:5577-5587

Does Body Weight change early
postpartum affect embryo quality?

Materials & Methods
71 lactating dairy cows from 1 farm were
Synchronized and superstimulated for 1st
service
Follicular
Ablation

Maintain
Ovsynch
+CIDR

7 Days

~34 H

BS

Cows losing more BW early postpartum will have poor
embryo quality

PGF2ɲ

AI 12h and 24h
after hCG

hCG
P4 – 3.5 Days
8 x FSH – decreasing doses

~24 H

US

Embryo
Collection

7 Days

US

ϯϬ
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Does a change in BCS early postpartum
affect fertility to TAI?

Embryo Characteristics
Quartile
Fourth Q
Lost +

Third Q
Lost

Second Q
Maintain

First Q
Gain

Pvalue

CL (no.)

18.4 ± 2.6

18.4 ± 1.7

19.0 ± 1.7

16.0 ± 2.0

0.67

Fertilized
embryos (%)

76.9 ± 7.1

77.0 ± 6.6

77.6 ± 7.6

78.4 ± 7.1

0.99

Quality 1 & 2
embryos (%)

38.0 ± 8.7

61.3 ± 8.2

60.6 ± 9.4

63.4 ± 8.6

0.14

Degenerate
embryos (%)

35.2 ± 8.5a

12.6 ± 4.6b

14.5 ± 6.3b

9.6 ± 3.7b

0.02

Qual 1 & 2 of
Fertilized (%)

48.4 ± 9.5a

78.3 ± 6.6b

72.6 ± 9.5b

77.7 ± 7.4b

0.05

Degenerate of
46.9 ± 9.6a,A 17.4 ± 6.4b,B 24.8 ± 9.3ab,A 16.2 ± 7.0b,B
Fertilized (%)

Maintained

Cows losing more BCS early postpartum will have
decreased fertility at first TAI

0.04

P/AI to Double-Ovsynch

% of cows, BCS at calving and 21 DIM

% cows
% Primi.

Lost

Maintained

Gained

BCS

41.8

35.8

22.4

(789/1887)

(675/1887)

(423/1887)

-

47.3

52.7

55.1

0.02

(373/789)

(356/675)

(233/423)

BCS at
calving

2.930.01ª

2.890.02ab

2.850.02b

0.005

BCS at
21 DIM

2.640.01c

2.890.02b

3.100.02a

<0.001

BCS ǻ

-0.29

0.0

+0.25

30.90.4

31.50.4

28.70.4

ECM (kg/d)1
1From

BCS change: P < 0.001
Parity: P < 0.001

P-Value

Pregnancies/AI (%)

BCS Change

0.3

100

100

Maintained

Gained

83.5a

78.3a

80
60
38.2b

40

36.0b

25.1c

22.8c

789 675 423

789 675 423

40 d after TAI

70 d after TAI

20
0

calving to 21DIM

Lost

BCS change: P < 0.001
Parity: P < 0.001

Question:
How do I get cows to gain
BCS after calving?

BCS change from 21 days before
calving to 21 days after calving

Effect of BCS Change on Health Events

P/AI to TAI after a fertility program

Barletta et al., 2017; Theriogenology 104:30-36.

Lost

Maintained

Gained

50%

22%

28%

(116/234)

(52/234)

(66/234)

Metritis

23%

21%

20%

Mastitis

29%b

17%a,b

17%a

Ketosis

27%

19%

15%

Pneumonia

15%

12%

9%

>1 Event

63%b

46%a

39%a

Pregnancies/AI (%)

Event

Barletta et al., 2017; Theriogenology 104:30-36

60

a

lost

Maintained

Cows

40

40
27b

20

0

25b

18c

66

16c

52

116

66

52

60 d after TAI

Answer:

34% Lost

a
51% Lost

92%bLost
a

BCS < 3.0

BCS = 3.0

BCS > 3.0

116

How do I get cows to gain
BCS after calving?

P = 0.005
b
a

20
0

46a

b

30
10

Gained

P < 0.001
b

50

Gained

53a

Question:

Barletta et al., 2017; Theriogenology 104:30-36

70

Maintained

30 d after TAI

Overall, 50% of cows lost BCS from 21 d
before to 21 days after calving
P = 0.049
a,b

Lost

60

Avoid calving
overconditioned cows!

BCS 21 d before expected calving
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Effect of previous calving interval
on BCS at calving

Question:

Middleton et al., 2019; J. Dairy Sci. 102:5577-5587

How do I avoid calving overconditioned cows?

Effect of previous calving interval
on BCS change (calving to 30 DIM)

Effect of BCS change on health
events

Middleton et al., 2019; J. Dairy Sci. 102:5577-5587

Middleton et al., 2019; J. Dairy Sci. 102:5577-5587

7 Health Events
Retained placenta, twins, dystocia, ketosis,
displaced abomasum, pyometra, metritis

Effect of BCS change after
calving on fertility to first TAI
Middleton et al., 2019; J. Dairy Sci. 102:5577-5587

More
pregnancy
loss
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Re-think BCS targets
2001 BCS Recommendations:
Calving: 3.25 to 3.75
Early: 2.50 to 3.25
Mid: 2.75 to 3.25
Late: 3.00 to 3.50
Dry Off: 3.25 to 3.75

1

2

Emaciated

Thin

Too High!

3
Average

4

5

Fat

Obese

Double-Ovsynch for first TAI
Sun

Mon

Tue

Wed

Thu

Fri

Resynch for 2nd
and greater TAI

32-39 d After AI
Pregnancy
Diagnosis with US

Sat

25-32 d
After TAI

GnRH
Pre-

PGF

PGF
CL+

56 h

24 h

G2

16 h

TAI

32 h

G1

GnRH
CL-

GnRH
PGF

PGF GnRH

TAI

56 h

P4Days
Insert
7

G1

7d

24 h

PGF

16 h

32 h

G2 TAI

PGF

TAI for First Three Inseminations
Parity

21-d Preg Rate Service Rate

BREDSUM By Times Bred
January, 2016 to January, 2017

P/AI

All cows

31%

66%

50%

Primiparous

41%

70%

61%

Multiparous

29%

65%

47%

90%
pregnant
after 3 AI

176 DIM

76 DIM

VWP = 76 d
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Genomic Testing Heifers in the
UW-Madison Dairy Herd

Genomic Testing Heifers in the
UW-Madison Dairy Herd

411 Holstein heifer calves were
genomic tested with a Zoetis
(CLARIFIDE®) chip to predict
their future performance

Genomic predictions
were compared with
actual first lactation milk
yield two years later

Combining Genomics with
Sexed Semen and Beef Semen

Sexed Semen

• X-chromosome has 4% more DNA
• Sperm stained with dye & sorted
or killed by laser
• 85% accuracy
• Many sperm are damaged or
wasted
• Can sort 8 to 10 straws of semen
per hour
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Female Holstein calves
produced by semen type

Female Jersey calves
produced by semen type
% F CONVENTIONAL
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AgSource

Female Holstein calves
produced by semen type

Beef Semen on Dairy Cows
140,000

AgSource

100%

120,000

Number of Inseminations

% F SEXED

90%
80%

100,000

70%
80,000

60%
50%

60,000

40%
30%

40,000

20%
20,000

10%
0%

0

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

PERCENTAGE BEEF
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PERCENTAGE CONVENTIONAL DAIRY

PERCENTAGE SEXED DAIRY

New Research at Miner Institute:
Where the Forage Meets the Cow
Rick Grant, Wya Smith, and Michael Miller
William H. Miner Agricultural Research Ins tute
Chazy, NY 12921
Email: grant@whminer.com
Introduc on
dairy ca le ra ons (Mar n et al., 2017). Although
regional economics and forage availability may
determine the balance between dietary forage and
non-forage sources of fiber, we appear to be at the
threshold of a new era in our ability to eﬀec vely
feed fiber to lacta ng dairy cows. Nutri onists have
long realized that NDF content alone does not explain
all of the observed varia on in DM intake (DMI) and
milk yield as forage source and concentra on in the
diet vary. Incorpora ng measures of fiber diges bility
and par cle size improves our ability to predict feed
intake and produc ve responses.

Miner Ins tute’s fundamental research mission is to
link advanced forage-crop management with eﬃcient
dairy ca le produc on to sustain the natural environment. Our contemporary mission grew from William
Miner’s original vision of science and technology in
the service of farming and environmental stewardship.
Current areas of ac ve research at the Ins tute can
be summarized as:
• Forages, fiber, and nutri onal strategies
• Stocking density, cow comfort, and feeding management
• Milk analysis as a herd management tool
• Transi on cow nutri on and management
• Nutrient management and water quality

Recently, we have focused on the rela onship between undigested and physically eﬀec ve NDF at
the Ins tute, and have conducted a study designed
to assess the rela onship between dietary uNDF240
and par cle size measured as peNDF. The poten al
interac on between peNDF and uNDF240 is a hot
topic among nutri onists with several prac cal feeding ques ons being asked in the field:
• What are the separate and combined eﬀects
of peNDF and uNDF240 in diets fed to lacta ng
cows?
• Can we adjust for a lack of dietary peNDF by adding more uNDF240 in the diet?
• Similarly, if forage uNDF240 is higher than desired, can we at least par ally compensate by
chopping the forage finer to maintain feed intake?

A substan al por on of our recent research has
focused on overcrowding as a sub-clinical stressor
and the impact that secondary stressors such as low
dietary fiber or restricted access to feed may have
on rumen pH and cow behavioral and performance
responses. For example, varying dietary undigested
neutral detergent fiber at 240 h of in vitro fermentaon (uNDF240) from 8.5 to 9.7% of ra on dry ma er
(DM) resulted in nearly one hour more per day when
rumen pH was less than 5.8. But, 100 versus 142%
stocking density of free stalls and headlocks increased me below pH of 5.8 by up to 2 h/day. Overcrowding and restricted access to feed during the
overnight hours resulted in up to 9 h/d that rumen
pH was below 5.8. In general, stocking density and
feed management (such as restricted feed access)
have a greater impact on rumen pH than dietary
uNDF or physically eﬀec ve NDF (peNDF) content.

The bo om line ques on is: are there op mal peNDF
concentra ons as uNDF240 content varies in the diet
and vice versa? The answer to this ques on will likely
be aﬀected by the source of fiber: forage or nonforage, since they diﬀer substan ally in fiber digeson pools and par cle size. Some nutri onists have
even ques oned how important par cle size actually
is as we be er understand fiber frac ons (i.e., fast,
slow, and uNDF240) and their rates of diges on. This
is a complex ques on, but the short answer is – yes –
par cle size is important, although maybe for reasons
we haven’t always appreciated, such as its eﬀect on
ea ng behavior more so than rumina on.

So we need to bear in mind that the feeding environment has a substan al modulatory eﬀect on feeding
behavior and feed intake. But, this paper will focus
primarily on our recent forage research, par cularly
on uNDF and peNDF rela onships.
Forage Research in an Era of Feeding More Forages
Economic, environmental, and even social considera ons are encouraging the use of more forage in
106

Miner Ins tute Study: Undigested and Physically
Eﬀec ve Fiber

chopped. The intake of peNDF was driven first by the
uNDF240 content of the diet, and then by par cle
size within each level of uNDF240 (Table 2).

Dietary Treatments: peNDF and uNDF240. To begin
addressing the ques ons above, we conducted a
study in 2018 to assess the eﬀect of feeding lower
(8.9% of ra on DM) and higher (11.5% of ra on DM)
uNDF240 in diets with either lower or higher peNDF
(19 to 20 versus ~22% of ra on DM). The diets contained approximately 35% corn silage, 1.6% chopped
wheat straw, and chopped mothy hay with either
a lower physical eﬀec veness factor (pef; frac on
of par cles retained on ≥1.18-mm screen; 0.24) or
a higher pef (0.58). We used a Haybuster (DuraTech
Industries Interna onal, Inc., Jamestown, ND) with
its hammer mill chopping ac on to achieve the two
par cle sizes of dry hay. Addi onally, for the lower
forage diets we par ally replaced the mothy hay
with nearly 13% pelleted beet pulp to help adjust the
fiber frac ons. The lower uNDF240 diets contained
approximately 47% forage and the higher uNDF240
diets contained approximately 60% forage on a DM
basis (Table 1).

The intake of peuNDF (calculated as the product of
pef and uNDF240) was stretched by the bookend
diets: 1.47 versus 1.74 kg/d for the low/low versus
high/high uNDF240/peNDF diets, respec vely. And
of greatest interest, we observed that the two intermediate diets resulted in similar peuNDF intake;
we were able to elicit the same intake response by
the cow whether we fed lower uNDF240 in the diet
chopped more coarsely, or whether we fed higher
dietary uNDF240, but with a finer par cle size.
Lacta onal Responses to peNDF and uNDF240.
Did lacta on performance follow these observed
responses in feed intake? Generally, milk and energycorrected milk (ECM) produc on responded similarly
to peuNDF intake (Table 3). In par cular, producon of ECM was lowest for cows fed the high/high
uNDF240/peNDF diet and greatest for the low/low
diet (Table 3). Tracking with DMI, the ECM yield was
similar and intermediate for the low/high and high/
low uNDF240/peNDF diets. Interes ngly, milk fat
percentage appeared to be more related to dietary
uNDF240 than peNDF content.

A New Concept: Physically Eﬀec ve uNDF240. To explore the rela onship between physical eﬀec veness
and uNDF240 among these four diets, we calculated
a “physically eﬀec ve uNDF240” (peuNDF = pef x
uNDF240). In Table 1 we see that this value ranged
from 5.4% of DM for the lowUNDF240/low peNDF
diet to 7.1% of DM for the high uNDF240/high peNDF
diet. And by design, the two intermediate diets contained 5.9% of ra on DM.

Chewing Response to peNDF and uNDF240. Dietary
uNDF240 and peNDF had a greater impact on ea ng
than rumina ng me (Table 4). This observa on that
dietary fiber characteris cs may have a substan al
eﬀect on chewing during ea ng and me spent eating has been observed in several studies. A recent
review found that higher forage content, greater NDF
or peNDF content, and(or) lower NDF diges bility
may all increase me spent ea ng for a wide range
of forages (Grant and Ferrare o, 2018). The cows in
our study spent up to 45 min/d, more or less, ea ng
depending on the diet (Table 4). In fact, cows on the
high/high uNDF240/peNDF diet spent 45 min/d longer ea ng and yet consumed nearly 3 kg/d less DM
than cows fed the low/low uNDF240/peNDF diet. An
important, prac cal management ques on is whether or not cows would have suﬃcient me to spend at
the bunk ea ng with greater dietary uNDF240 that
is too coarsely chopped? And with an overcrowded
feedbunk environment, the constraint on feeding
me could be even more deleterious.

We expected the bookend diets to elicit predictable
responses in DMI based on their substan al diﬀerences in uNDF240 and peNDF (Harper and McNeill,
2015). We considered them as “bookends” because
these diets represented a range in par cle size and
indiges bility that would reasonably be observed in
the field for these types of diets. And most importantly, we wondered if the two intermediate diets
would elicit similar responses in DMI given their similar calculated peuNDF content.
In fact, the high uNDF240/high peNDF diet did limit
DMI compared with the lower uNDF240 diets (Table
2). When lower uNDF240 diets were fed, the peNDF
did not aﬀect DMI. But, a shorter par cle size for the
higher uNDF240 diet boosted DMI by 2.5 kg/d. As a
result, NDF and uNDF240 intakes were highest for
cows fed the high uNDF240 diet with smaller parcle size. Overall and as expected, uNDF240 intake
was greater for the higher versus lower uNDF240
diets. But, the important take-home result is the
0.45% of BW intake of uNDF240 for cows fed the high
uNDF240 diet with hay that had been more finely

Cows fed the high/high peNDF/uNDF240 diet had the
greatest ea ng me compared with cows fed the low
uNDF240 diets (Table 4). Finely chopping the hay in
the high uNDF240 diet reduced ea ng me by about
20 min/d and brought it more in-line with the lower
uNDF240 diets.
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Part of the reason why ea ng me was more aﬀected
than rumina on me is related to the observa on
that cows tend to chew a bolus of feed to a rela vely
uniform par cle size prior to swallowing. Grant and
Ferrare o (2018) summarized research that showed
that par cle length over a wide range of feeds was
reduced during inges ve chewing to approximately
10 to 11 mm (Schadt et al., 2012). Similarly, in our
current study, we confirmed that cows consuming all
four diets swallowed boli of total mixed ra on with a
mean par cle size of approximately 7 to 8 mm (Table
5) regardless of uNDF240 or peNDF content of the
diet.

Preliminary Synthesis: Physically Eﬀec ve, Undigested Fiber, and Cow Responses
We have combined data from four experiments
conducted at the Ins tute to further explore the
rela onship between dietary uNDF240 and DMI and
ECM yield as well as the rela onship between dietary
peuNDF240 and DMI and ECM yield. The dietary formula ons for these four studies were:
• Study 1: the study just described (see Table 1;
Smith et al. 2018a; 2018b).
• Study 2: approximately 50 or 65% forage in the
ra on DM, with 13% haycrop silage (mixed mostly
grass), and between 36 and 55% corn silage
(either brown midrib 3 or conven onal) in ra on
DM (Cotanch et al., 2014).
• Study 3: approximately 42 to 60% corn silage
(brown midrib 3 or conven onal) and 2 to 7%
wheat straw (finely or coarsely chopped) in ra on
DM (Miller et al., 2017).
• Study 4: approximately 55% conven onal or bm3
corn silage, 2.3% chopped wheat straw (Miner
Ins tute, unpublished, 2019).

Ruminal Fermenta on: peNDF and uNDF240. Mean
ruminal pH followed the same pa ern of response
as DMI and ECM yield (Table 6). Although not significant, me and area below pH 5.8 numerically
appeared to be more related with dietary uNDF240
content than peNDF. Total VFA concentra on followed the same pa ern as DMI, ECM yield, and
mean ruminal pH with cows that consumed similar
peuNDF240 having similar total ruminal VFA concentra ons (Table 6). Tracking with milk fat percentage,
the ruminal acetate + butyrate:propionate ra o was
more influenced by uNDF240 than peNDF in our
study.

Details of ra on formula on may be found in the
references for each study. Importantly, all of the diets
fed in these three experiments were based heavily on
corn silage, contained some combina on of haycrop
silage and chopped straw, and in Study 1 (the current
study) two of the diets also contained substan al
pelleted beet pulp to formulate the lower uNDF240,
lower forage diet.

When we assessed ruminal pool size and turnover,
we found that the pool size of NDF tended to be
greater for cows fed higher uNDF240 diets, and
that the pool size of uNDF240 was greater for cows
fed these same diets (Table 6). Ruminal turnover
rate of NDF tended to be slower for cows fed the
higher uNDF240 diets with the high/high uNDF240/
peNDF diet having the slowest ruminal turnover of
fiber. Overall, the diﬀerences among diets in ruminal
pool size and turnover were small, but it appeared
that higher uNDF240 diets increased the amount
of uNDF240 in the rumen and slowed the turnover
of NDF. The higher ruminal NDF turnover for cows
fed the finely chopped high uNDF240 diet helps to
explain the observed increase in DMI.

Figures 1 and 2 illustrate the rela onships that we
observed when we combined the data from these
three studies. For these types of diets, both uNDF240
and especially peuNDF240 appear to be usefully
related with DMI and ECM produc on.
It is important to restrict these inferences to similar
diets (corn silage with hay and fibrous byproducts)
because more research is required with varying forage types and sources of uNDF (forage versus nonforage) to determine the robustness of the rela onships shown in Figures 1 and 2. In par cular, legumes
such as alfalfa contain more lignin and uNDF240, but
have faster NDF diges on rates than grasses, and we
might expect diﬀerent rela onships between dietary
uNDF240 and DMI for legume- versus grass-based
ra ons. In fact, research has shown that very high
levels of uNDF240 intake may be achieved when
lacta ng cows are fed finely chopped alfalfa hay
(Fus ni et al., 2017) in part because alfalfa contains
more uNDF240 than grasses (Palmonari et al., 2014;
Cotanch et al., 2014).

If future research confirms the results of this ini al
study, it suggests that when forage fiber diges bility
is lower than desired, then a finer forage chop length
will boost feed intake and lacta onal response. The
enhanced lacta onal performance was associated
with less ea ng me as well as more desirable ruminal fermenta on and fiber turnover for cows fed the
higher uNDF240 diet with lower peNDF. Another important topic that we are currently focusing on is the
poten al interac ons between dietary peuNDF240
and rumen fermentable starch content.
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Summary and Perspec ves
The calculated “physically eﬀec ve uNDF240” (pef
x uNDF240) appears to be a useful concept when
interpre ng cow response to the diets fed in this
study and studies with similar types of diets. Our goal
is not to coin yet another nutri onal acronym, but to
focus on a poten ally useful concept. We were able
to elicit the same response by the cow whether we
fed lower uNDF240 in the diet with greater peNDF,
or whether we fed higher uNDF240, but chopped the
dry hay more finely. In other words, the peuNDF240,
or integra on of pef and uNDF240, was highly related
to DMI and ECM yield.
If future research confirms this rela onship between
dietary uNDF240 and DMI, it suggests that when
forage fiber diges bility is lower than desired, then
a finer forage chop length will boost feed intake and
lacta onal response. In addi on to inves ga ng
poten al and probable diﬀerences between legumes
and grasses, we also must understand the poten al
responses to forage and non-forage sources of fiber.

Figure 1. Rela onship from three studies between dietary
uNDF240 and DMI and ECM yield for cows fed diets based
on corn silage, haycrop silage, and chopped wheat straw.

Integra ng two measures of fiber – uNDF240 and
peNDF - when formula ng ra ons shows promise as
an approach to improve our ability to predict cow response to NDF indiges bility and par cle size (Grant,
2018). Research is needed to test this rela onship
in alfalfa-based diets, pasture systems, and other
feeding scenarios that diﬀer markedly from a typical
Northeastern and upper Midwestern US diet based
primarily on corn silage.
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Table 1. Ingredient and chemical composi on of experimental diets (% of DM).

1

Undigested NDF at 240 h of in vitro fermenta on.
Physically eﬀec ve NDF.
3
Amylase-modified NDF on an organic ma er (OM) basis.
4
Physically eﬀec ve uNDF240 (physical eﬀec veness factor x uNDF240).
2
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Table 2. Dry ma er and fiber intake for cows fed diets diﬀering in uNDF240 and peNDF.

abc

Means within a row with unlike superscripts diﬀer (P ≤ 0.05).
Undigested NDF at 240 h of in vitro fermenta on.
2
Physically eﬀec ve NDF.
3
Organic ma er.
4
Physically eﬀec ve uNDF240 (physical eﬀec veness factor x uNDF240).
1

Table 3. Milk yield, composi on, and eﬃciency of solids-corrected milk produc on.

abc

Means within a row with unlike superscripts diﬀer (P ≤ 0.05).
Undigested NDF at 240 h of in vitro fermenta on.
2
Physically eﬀec ve NDF.
1

Table 4. Chewing behavior as influenced by dietary uNDF240 and peNDF.

abc

Means within a row with unlike superscripts diﬀer (P ≤ 0.05).
Undigested NDF at 240 h of in vitro fermenta on.
2
Physically eﬀec ve NDF.
1
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Table 5. Par cle size of swallowed total mixed ra on bolus versus diet oﬀered
(% retained on sieve; DM basis).

1

Physically eﬀec ve NDF.
Undigested NDF at 240 h of in vitro fermenta on.

2

Table 6. Ruminal fermenta on and dynamics of fiber turnover.

abc

Means within a row with unlike superscripts diﬀer (P ≤ 0.05).
Means within a row with unlike superscripts diﬀer (P ≤ 0.10).
¹Undigested NDF at 240 h of in vitro fermenta on.
2
Physically eﬀec ve NDF.
3
Area under curve pH < 5.8; ruminal pH units below 5.8 by hour.
xy
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Breed composition of U.S. cows
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Morris, MN

1
Norman et al., 2017

Why the interest in crossbreeding?
•

Calving difficulty continues to hinder first-calf heifers

•

Fertility of Holsteins has declined in most environments

•

Health problems of Holsteins are more frequent

•

More Holsteins are dying on farms (> 8% in USA)

•

Cows are calving fewer times during their lives

Feed intake and efficiency
• High cost of feed intake for individual cows because
of specialized labor and equipment
• Feed efficiency is the ability of animal to convert
feed to product
• Multiple measures of feed efficiency
• Ratio measures of feed efficiency
• Income over feed cost
• Residual feed intake

2

Inbreeding of the HO breed
Birth years
of cows

Average pedigree
inbreeding (%)

Average annual increase
in inbreeding (%)

2010

5.66

+0.11

2011

5.76

+0.10

2012

5.89

+0.13

2013

6.11

+0.22

2014

6.35

+0.24

2015

6.60

+0.25

2016

6.85

+0.25

2017

7.22

+0.37

2018

7.60

(very early births)

Feed efficiency and crossbreeding
• Jersey × Holstein versus Holstein cows
• Jersey × Holstein more efficient than Holstein
(Schwager-Suter et al., 2001; Prendiville et al., 2009)

• No difference between breed groups
(Heins et al., 2008; Olson et al., 2010)

• Montbeliarde × Holstein versus Holstein cows
• No difference between breed groups
(Buckley et al., 2007)

Council on Dairy Cattle Breeding, 2019
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Data

Comparison of ProCROSS and Holstein
cows for dry matter intake, body
weight, cow height, body condition
score, production, feed efficiency,
income over feed cost, and residual
feed intake

• Holstein versus ProCROSS (Holstein, Montbeliarde,
Viking Red) cows
• Data collection from 4 to 150 days in milk for the first 3
lactations of cows
• Cows calved for the first time from September 2014 to
April 2017

Brittany Shonka-Martin, Brad Heins, Les Hansen

• Cows that left the herd before 150 days in milk were
deleted (8.6% of cows that began the project)

Recording of individual
feed intakes

Objectives
Compare ProCROSS and Holstein cows for

• Cows were fed the same TMR on a
daily basis

• Dry matter intake (DMI)

• Delivered twice daily

• Production

• Feed refusals were weighed once daily

• Feed samples were taken twice

• Body weight (BW)

weekly

• Cow height

• Pooled weekly samples analyzed for dry

• Body condition score (BCS)

matter content
• Pooled monthly samples analyzed for
nutrient composition

Mean DMI and production from 4
to 150 DIM for primiparous cows
Holstein

Viking Red

Breed of cow

ProCROSS

Trait
Dry matter intake (lb)
Milk volume (lb)
Fat + protein (lb)

Holstein

ProCROSS

Difference from

(n = 60)

(n = 63)

Holstein

6,499

6,188

–311 (–4.8%) **

10,516

10,061

–455 (୧4.3%) **

725

730

** P < 0.01 difference from Holstein

Montbeliarde
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+5 (+0.5%)

Mean DMI and production from 4
to 150 DIM for multiparous cows

Dry matter
intake (kg)

Breed of cow

Trait
Dry matter intake (lb)
Milk volume (lb)

Holstein

ProCROSS

Difference from

(n = 37)

(n = 43)

Holstein

7,919

7,408

–514 (–6.5%) *

14,630

13,810

–820 (୧5.6%) *

Fat + protein (lb)

972

+9 (+0.9%)

981

* P < 0.05 difference from Holstein

** P < 0.01; * P < 0.05; † P < 0.10
difference from Holstein

Means for body traits from 4 to 150
DIM for primiparous cows

Fat plus protein
production (kg)

Breed of cow

Trait
Body weight (lb)

Holstein

ProCROSS

Difference from

(n = 60)

(n = 63)

Holstein

1,226

1,239

+13

Wither height (cm)

139.4

135.4

–4.0 **

Hip height (cm)

144.3

142.3

í2.0 **

Body condition score

3.20

3.46

+0.26 **

** P < 0.01 difference from Holstein

Means for body traits from 4 to 150
DIM for multiparous cows

Body weight
(kg)

Breed of cow

Trait
Body weight (lb)

Holstein

ProCROSS

(n = 37)

(n = 43)

1,420

1,402

Difference from
Holstein
–18

Wither height (cm)

143.7

140.2

–3.5 **

Hip height (cm)

146.4

145.2

í1.2

Body condition score

3.06

3.25

+0.19 **

** P < 0.01 difference from Holstein
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Mean income over feed cost

Body condition
score

Breed of cow
Trait
Primiparous
IOFC ($)

Holstein

ProCROSS

n = 60

n = 63

825

Daily IOFC ($)
Multiparous

875

5.61

5.95

n = 37

IOFC ($)

1,208

Daily IOFC ($)

Difference from
Holstein
+$50

+6% **

+$0.34

n = 43

1,296

8.22

8.82

+$88

+7% *

+$0.60

* P < 0.05, ** P < 0.01 difference from Holstein

** P < 0.01; * P < 0.05; † P < 0.10
difference from Holstein

Residual feed intake

Fat plus protein production (kg)
divided by DMI (kg)

• Difference of actual and predicted feed intake
• Estimated by error from regression of DMI on energy sinks

Breed of cow
Parity

Holstein

Difference from
ProCROSS
Holstein

Primiparous

0.113 (n=60) 0.119 (n=63)

+6% **

Multiparous

0.124 (n=37) 0.134 (n=43)

+8% **

• Production (milk energy output)
• Body maintenance (metabolic body weight; BW0.75)
• Change in body energy (change in body weight and BCS)

• Lower number (negative) is more desirable
• Because a cow actually consumed less than predicted

** P < 0.01 difference from Holstein

Mean residual feed intake (kg)
from 4 to 150 days in milk

Energy corrected milk (kg)
divided by DMI (kg)
Breed of cow
Holstein

ProCROSS

Difference from
Holstein

Primiparous

1.70 (n=60)

1.77 (n=63)

+4% *

Multiparous

1.89 (n=37)

2.01 (n=43)

+6% *

Parity

Breed of cow
Parity

Holstein

ProCROSS

Primiparous

+68.8 (n=60) –65.5 (n=63)

–134.3 **

Multiparous

+75.0 (n=37) –64.5 (n=43)

–139.5 *

* P < 0.05, ** P < 0.01 difference from Holstein

* P < 0.05 difference from Holstein
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Difference from
Holstein

Ideal Dairy Cow
• High fat and protein
• Excellent fertility and ability to produce a calf regularly
• Longevity (~5 to 7 years)
• Low somatic cell count
• Smaller and functional cow
• Efficiently converts feed to milk
• Breed depends on each producer’s management system
• AI is a must!

Viking Red sire

Holstein sire

Montbeliarde sire

Pro Cross at the U of MN

Jersey

29

Viking Red

Normande

GrazeCross
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Important points
• Crossbreeding is a mating system that
complements genetic improvement of breeds
• Selection of best A.I. bulls within breed results in
genetic improvement
• Heterosis from crossbreeding is a “bonus” on top
of genetic improvement within breeds
 3 (northern Europe breeds) to 10% (Alps breeds) for production
 Greater than 10% for fertility, health, and survival

Recommendations for
crossbreeding
• Crossbreeding systems must use three
breeds to optimize heterosis
• Two breeds limits the amount of heterosis
• Four breeds limits the influence of specific
breeds
• Therefore, select three breeds for specific
needs of herd
32

Brad Heins
hein0106@umn.edu

https://wcroc.cfans.umn.edu/research-programs/dairy

320-589-1711

© 2012 Regents of the University of Minnesota. All rights reserved.
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Relationships Between Protein and Energy
Consumed and Calf Growth and First Lactation
Production Performance of Holstein Dairy Cows
Brad Heins, Hugh Chester-Jones, and Jessica Scharf
Associate Professor of Dairy Management
University of Minnesota West Central Research and Outreach Center

Take-Home Message
•

Data from 2,880 Holstein dairy calves were used
to determine if early life average daily gain, calf
starter intake, and milk replacer intake were related to first-lacta on 305-d produc on.

•

Average daily gain at 6 and 8 weeks had posi ve
eﬀects on 305-d first-lacta on produc on.

•

Growth data from 4,534 Holstein dairy calves had
a posi ve rela onship between energy and protein consumed in early life and calf growth and
milk produc on in first lacta on.

•

Addi onal factors other than average daily gain
and pre-weaning growth and intake aﬀect firstlacta on performance.

cows. Heifer calves were picked-up twice a week at
2 to 5 days of age and taken to the SROC. For our
study, data were collected from 2004 to 2012 for
2,880 Holstein animals. The calves were enrolled in
37 diﬀerent calf research trials at the SROC from 3 to
195 days of age. At the end of the trials, calves were
grouped housed and returned to their respec ve
farms or moved to heifer growers at about 6 months
of age. Milk replacer fed to calves included varying
levels of protein and amounts fed, but in the majority
of studies, calves were fed a milk replacer containing
20% fat and 20% protein at 1.25 lb/calf daily. Most
calves (93%) were weaned at 6 weeks of age. Average daily gain at 8 weeks for the 2,880 calves was 1.4
lbs/day.
The results show that calf growth had a significant
posi ve eﬀect on 305-day first lacta on milk, fat,
and protein produc on. For every 1 pound of average daily gain at 8 weeks of age, milk produc on
increased by 1,276 lbs in first lacta on. To put this
in perspec ve, if a farm increased their calf average
daily gain from 1.5 to 2.0 lbs/day, first lacta on milk
produc on in 305 days would increase by only 648
lbs. The varia on in milk produc on and average daily gain was high, and this suggests addi onal factors
impact first lacta on performance (i.e. environment,
feed quality, housing, and animal health). Figure
1 shows the rela onship between 8-week average
daily gain and 305-milk produc on in first lacta on.
There was great varia on for calf growth and milk
produc on. In the figure, we observe that calves that
achieve a 2 lb average daily gain, may have 15,000 or
30,000 pounds of milk in first lacta on.

Does early life calf nutri on aﬀect milk produc on
of cows?
During the past few years, higher levels of milk or
milk replacer have been recommended to achieve
greater pre-weaning growth of calves and to and increase milk produc on of first-lacta on cows. Excellent first-lacta on produc on is a key component of
dairy farm sustainability. Some studies have indicated that improvements in calf growth are associated with higher first-lacta on produc on, but others
have disagreed. Recently, Penn State researchers
(Gelsinger et al., 2016) indicated that although preweaning average daily gain is posi vely related to
first-lacta on milk produc on, there are more important factors in determining first-lacta on performance than pre-weaning calf growth.

Intake of calf starter had an impact on first-lacta on
produc on while milk intake, which varied less, had
no eﬀect. Each addi onal pound of calf starter DM
intake at 8 weeks of age resulted in 18.1 lbs of more
milk in first lacta on. Therefore, calf starter intake
may be a be er indicator of future milk produc on
than just average daily gain alone. Furthermore,
we found that calves born during the fall and winter
had greater starter intake and average daily gain at
8 weeks. However, calves born during the summer

We decided to evaluate the rela onships between
early life growth and first-lacta on produc on of
Holstein dairy cows from commercial dairy farms in
Minnesota. These calves were enrolled in calf research trials at the University of Minnesota Southern
Research and Outreach Center (SROC) in Waseca,
MN. Calves were contract raised for three commercial dairy farms which represent over 2,000 dairy
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produced more milk in 305 days during their first
lacta on than those born during the fall and winter.
From this study it may be diﬃcult to be confident in
the predic on equa ons generated for calf growth
versus first lacta on performance because of the
high varia on in calf growth and produc on. Therefore, excellent colostrum and disease management,
hygiene, milk replacer quality and consump on, calf
starter quality and consump on, water quality and
access, and post-weaning nutri on are all necessary
to achieve op mal heifer growth and future milk
produc on.

More recently, studies have analyzed early life calf
growth and it rela onship to first lacta on producon (Chester-Jones et al., 2017; Gelsinger et al.,
2016). In a meta-analysis by Gelsinger et al. (2016),
they reported that pre-weaned calf nutri on contributed to a posi ve eﬀect on 305-d milk and component produc on. The authors reported that growth
rate had li le eﬀect on first lacta on between 0.66
and 1.1 lb/day for average daily gain, but the eﬀects
increased as growth rate increased from 0.66 lb/day
to 1.98 lb/day for average daily gain.
Based on previous research that determined the
rela onship between average daily gain and firstlacta on produc on in Holstein cows in ChesterJones et al. (2017), the objec ve of the study was to
determine rela onships between protein and energy
consumed from milk replacer and starter and growth
and first-lacta on performance of Holstein dairy
heifer calves. Our findings can be useful informaon to dairy farmers and nutri onists when they are
planning their calf feeding regimen and can assist in
outlining objec ves a specific dairy farm has for calf
growth and average daily gain.

Figure 1. Rela onship between 8-week average daily
gain and 305-d milk produc on in first lacta on.

Data were collected from calves born from 2004 to
2014 for 4,534 Holstein heifer calves. Calves came
from 3 commercial dairy farms which all together
represent over 2,000 dairy cows in Minnesota. Between 2 to 5 days of age, heifer calves were picked
up twice weekly and taken to the University of Minnesota Southern Research and Outreach Center in
Waseca, Minnesota. Calves were then assigned to 45
diﬀerent calf nursery studies at SROC over the 11year period.

Rela onships between protein and energy consumed
from milk replacer and calf starter and calf growth
and first lacta on produc on performance of Holstein dairy cows.
The Dairy NRC (2001) provides nutrient guidelines
to maximize calf health and lean ssue growth, and
protein requirements to maximize growth. Achieving faster growth and ensuring the health of the
calf involves numerous factors including colostrum
management, proper hygiene, and feeding management. There are many diﬀerent calf milk replacer and
starter op ons that are available to be fed to dairy
calves, many of which have undergone research by
scien sts and nutri onists. With so many op ons,
dairy farmers may find themselves overwhelmed by
the choice as to what will truly help them achieve
greater calf growth and op mize health.

Of the 45 calf studies in the current data set, the
majority of calves (85%) were fed a milk replacer of
all milk protein that contained 20% CP and 20% fat.
Fi een percent of the calves were fed 20% protein
and 20% fat milk replacer where alterna ve animal
and vegetable proteins par ally replaced milk protein. The alterna ve protein milk replacer contained
either soy, wheat, plasma, or a mixture of both wheat
and plasma sources at varying percentages of the
total milk replacer protein. Ninety percent of these
trials u lized a milk replacer feeding rate of 1.25 lb/
calf daily. Ten percent of the studies did not feed a
conven onal 20:20 milk replacer or feed at a 1.25 lb/
calf daily feeding rate and fed an accelerated feeding
rate regimen. These studies included milk replacer
containing protein and fat levels of 24:20 up to and
28:20 fed from1.25 to over 2 lb solids/day. The
majority of calves were weaned at 6 weeks. Data collected on calves included daily milk replacer intake,
starter intake, growth (body weights and hip height),

First-lacta on milk produc on has been shown to be
posi vely correlated with pre-weaning average daily
gain and weaning weight (Soberon et al., 2012). The
authors showed that the higher the nutrient intake
pre-weaning, the more nutrient intake the heifer
would have post-weaning. They also found that for
every lb increase in pre-weaning average daily gain,
first-lacta on cows produced an addi onal 1,874 lb
of milk in 305 days and 518 lb of milk for every Mcal
of ME intake.
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First-lacta on milk, fat, and protein produc on records for 3,627 cows of the original 4,534 calves were
acquired from Dairy Records Management Systems
(Raleigh, NC), and merged with body growth and protein and ME intake data from milk replacer and starter. The produc on data set included an addi onal
747 cows compared to a previous study with the
same calves that analyzed the rela onship between
body weight and average daily gain and first-lacta on
milk produc on (Chester-Jones et al., 2017).

calf health, and feed eﬃciency. Body weights were
taken every 2 weeks un l day 56.
Protein and ME consumed were calculated for each
individual calf for 6 and 8 weeks. These weeks were
chosen because weaning took place at 6 weeks and
the end of the nursery period was at 8 weeks. Protein
consumed was calculated from the protein content
of the milk replacer and calf starter. The basic 18%
crude protein texturized calf starter was the same
across years. Starter ME average of 3.28 Mcal was
used from the NRC (2001) because energy was the
same for starter across all the studies. The NRC
(2001) equa ons were used to calculate ME;

Table 1 has dry ma er intake and average daily gain
from milk replacer and starter, ME intake, protein intake, and first-lacta on produc on of the 3 individual
farms and across all the farms. All calves were managed the same at SROC, and therefore, similari es
existed for growth rates and produc on from calves
from diﬀerent farms (Table 1).

1) ME of milk replacer (Mcal) = [0.057 × crude protein (%) + 0.092 × Fat (%) + 0.0395 × Lactose (%)] ×
0.9312, and
2) ME (Mcal) = 0.1 BW0.75 + (0.84 BW0.355 x BWG1.2),
where BW is body weight and BWG is BW gain.
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Early life protein and ME consump on and growth

diets and the amount of energy and protein consumed, without the risk of over condi oned calves
and heifers (Gabler and Heinrichs, 2003; Lammers
and Heinrichs, 2000; Brown et al., 2005).

For milk replacer protein consumed, slight if any
diﬀerences existed between average daily gain
classes. The majority of the calves in this study did
not consume more than 1.25 lb of milk replacer per
day, and therefore, varia on in milk replacer protein
consumed was not expected. There were no diﬀerences for milk replacer protein consumed for calves
that had average daily gain from 0.51 to 0.75 lb/
day compared to calves that had average daily gain
greater than 1.76 lb/day. Calves that had greater
average daily gain in 8 weeks consumed more protein
from calf starter compared to calves from the other
average daily gain classes.

Birth season and early life protein and ME consumpon and growth
Calves born during the fall (28.7 lb) and winter (29.5
lb) consumed more combined protein than calves
born during the spring (27.8 lb) and summer (28.0
lb). The calves born during the winter had the greatest consump on of protein intake compared with all
other calves which was supported by a higher protein
to ME ra o. The increase in combined protein intake

Table 2. Average daily gain class at 8 week for milk replacer and starter protein (lb) and ME (Mcal).

For milk replacer ME consump on, calves that had an
average daily gain from 0.50 to 0.75 lb/day consumed
more ME than calves in the greater average daily gain
classes. There were only 58 calves in the lowest average daily gain class and the small number of calves
and the higher standard devia on of those calves
may have caused the diﬀerences reported between
average daily gain classes. There were no diﬀerences from milk replacer ME consumed from average
daily gain classes that ranged 0.76 to 1.0 lb/day. For
starter ME consump on, calves that had the greatest
average daily gain (> 1.75 lb/day) consumed the most
(206.6 Mcal) starter ME compared to calves that had
lower average daily gain. Similarly to combined protein, calves that consumed more combined ME from
milk replacer and starter had greater average daily
gain at 8 weeks of age. Generally, a calf that consumes more feed from starter has more protein and
ME intake, so the rela onship between dry ma er
intake and nutrient intake is highly correlated. Dairy
farmers may achieve a younger age of puberty and
first calving in heifers by manipula ng pre-weaning

was a ributable to increased starter intake during
the fall and winter season. For ME intake, calves
born during the winter had greater ME intake compared to calves born during the spring, summer, and
fall. The combined ME intake follows that of starter
protein intake, and calves born during the fall and
winter consumed more ME than calves born during
the spring and summer. Increased consump on of
protein and ME is observed in calves during the fall
and winter to maintain or increase growth in cold
weather (Kuehn et al., 1994), which was found in the
current study. Calves may require more energy for
maintenance in harsher environments.
Early life protein consump on and first lacta on
performance
Calf milk replacer protein, starter protein, and combined protein intake at 6 and 8 weeks and the eﬀect
on first-lacta on 305-d milk, fat, and protein produc on are in Table 3. Milk replacer protein consump on at 6 and 8 weeks did not have an eﬀect on
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305-d milk, fat, and protein produc on during first
lacta on. Six- and eight-week starter protein had a
posi ve rela onship with first lacta on 305-d fat and
protein produc on. Each addi onal lb of calf starter
protein intake at 8 week resulted in 2.89 lb and 2.91
lb more 305-d fat and protein produc on, respecvely. Starter protein intake had a tendency to aﬀect
305-d milk produc on in first lacta on. However, 6
and 8 week combined protein intake had a posi ve
rela onship with 305-d milk, fat, and protein producon in first lacta on. For every 1 lb increase in combined protein intake at 8 week of life, milk produc on
increased by 57.4 lb, fat increased by 3.04 lb, and
protein increase by 2.93 lb in 305-d in first lacta on
(Table 3).

Perhaps, a combina on of high protein in milk replacer and calf starter contributes to increased producon in 305-d compared to milk replacer or calf starter
protein alone. Diﬀerences observed between 6 and
8 weeks may be due to management prac ces a er
weaning or adjustment for calves a er weaning at 6
weeks. Gelsinger et al. (2016) reported that management on the farm may have a greater influence on
first-lacta on produc on than nutri on and growth
prior to weaning. Although, the combined protein
intake of calves through the first 8 week of life had
an eﬀect on first lacta on produc on, considerable
varia on exists in the rela onship between combined
protein intake at 8 weeks of age and 305-d milk produc on.
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Early life ME consump on and first lacta on performance

The ME and protein consumed from milk replacer
and starter and its eﬀects on first-lacta on producon indicate that both milk replacer and starter are
important components in the pre-weaned calf diet.
Both combined protein and combined ME are meaningful when it comes to increasing 305-d milk and
component produc on. Birth season plays a role in
how much protein and ME is consumed by calves,
sugges ng that supplemen ng calf diets with more
energy and protein may be beneficial for the calf during colder weather to maintain energy requirements.
When planning a feeding program for dairy calves,
the current study suggests that both milk replacer
and starter have an eﬀect on the calf through firstlacta on produc on. Further inves ga on is needed
to compare current NRC (2001) requirements to what
calves are consuming and how it correlates to average daily gain and calf growth.

The milk replacer ME intake did not have an eﬀect on
305-d milk, fat, or protein produc on; however, the
starter ME intake had a posi ve eﬀect on 305-d fat
and protein produc on. Six and 8 week combined
ME intake had a posi ve rela onship with 305-d
milk, fat, and protein produc on in first lacta on.
For every 1 lb increase in combined ME intake at 8
week of life, milk produc on increased by 3.96 lb, fat
increased by 0.20 lb, and protein increase by 0.20 lb
in 305-day in first lacta on (Table 4).
Birth season and early life protein and ME consumpon and first lacta on performance
The eﬀects of birth season on 8-week milk replacer
and starter protein and ME intake are in Table 5.
Calves born during the fall and winter consumed
more combined protein than calves born during the
spring and summer at 8 weeks of age. Diﬀerences
were not observed between calves born during the
fall and winter for combined protein or ME intake at
8 weeks of age.
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Conclusions

Kertz, A. F., and J. R. Lo en. 2013. Review: A historical
perspec ve of specific milk-replacer feeding programs in the United States and eﬀects on eventual performance of Holstein dairy calves. The Professional Animal Scien st, 29:321-332. doi:h p://
dx.doi.org/10.15232/S1080-7446(15)30245-X

Calves fed a 20:20 milk replacer at a rate of 1.25
lb/day had higher intake of both milk replacer and
starter protein and higher intake of both milk replacer and starter ME during the first 8 weeks of
life had higher average daily gain. A combina on of
both early life milk replacer and starter protein and
ME intake posi vely aﬀected 305-d first-lacta on
performance. However, variance was high in all the
es mates sugges ng addi onal factors may aﬀect
growth to 8 week of age.
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Introduc on

•

Providing a well-designed feeding environment enhances the cow’s response to her diet. Ensuring feed
availability is par cularly cri cal - herds that rou nely
feed for refusals and prac ce consistent feed push-up
average about 1.4 to 4.1 kg/d more milk than herds
that do not (Bach et al., 2008). Few management
factors elicit that magnitude of milk response; consequently, any assessment of feeding management
should begin with feed availability.

•
•

When ca le are grouped, compe on at the feed
bunk is inevitable. Even with unlimited access to
feed, cows interact in ways that give some an advantage over others (Olofsson, 1999). Therefore, the goal
of feeding management is not to eliminate compe on at the feed bunk, but rather to control it. Key
factors that must be op mized to encourage desirable feeding behavior and op mal intake of a wellformulated ra on include:
• Adequate feed availability and accessibility,
• Compe on that doesn’t hinder access to feed,
and
• No restric ons on res ng or rumina ng ac vity.
Feeding, res ng, and rumina ng behavior are interconnected. A comfortable cow will lie down, on average, 11 to 14 h/d and greater than 90% of rumina on
will occur while she is lying down. Greater recumbent
rumina on promotes more saliva produc on. Cows
sacrifice feeding in an eﬀort to recoup lost res ng
me (Metz, 1985), and a review of published studies
found that cows give up approximately one minute of
ea ng me for each 3.5 minutes of lost rest (Grant,
2015). The bo om line is that cows require adequate
access to comfortable res ng areas in order to op mize their feeding behavior and feed intake.
Based on research and prac cal on-farm observaons, recommended feeding management prac ces
for lacta ng dairy cows include (Grant, 2016):
• providing consistent feed quality and quan ty
along the en re length of the feed bunk,
• keeping feed bunk stocking density ≤100% (≥60
cm/cow),
• feeding freshly mixed total mixed ra on (TMR)
2x/day,
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ensuring that feed is pushed-up during the 2
hours a er feed delivery,
targe ng approximately 3% feed refusals for
lacta ng cow groups except for fresh pen, which
should be closer to 7%, and
making certain that the feed bunk is empty no
more than 3 h/d (ideally never empty).

This paper focuses on: 1) recent research conducted
at Miner Ins tute on the influence of stocking density and its interac ons with key components of the
diet and feeding environment such as fiber and feed
restric on; and 2) re-assessing industry norms for
design of a feeding environment and management
that promotes natural feeding behavior and op mizes dry ma er intake. A primary focus will be how
overcrowding influences the behavioral, health, and
performance responses of lacta ng dairy cows.
Overstocking and Cow Responses
A primary factor that influences dairy cow feeding
behavior and feed intake is stocking density of the
feeding and res ng resources. Overstocking has become a common occurrence in the US dairy industry.
A USDA-NAHMS survey of free-stall dairy farms reported that 58% of farms provided less than 0.60 m/
cow of bunk space (i.e., current dairy industry recommenda ons for feeding space; NFACC, 2009) and 43%
provided less than one stall per cow (USDA, 2010). In
a survey of the northeastern US, feed bunk stocking
density averaged 142% with a range of 58 to 228%
(von Keyserlingk et al., 2012). The con nued prevalence of overstocking reflects its posi ve associa on
with profit per stall under certain economic scenarios
(De Vries et al., 2016).
Economic analysis suggests that some degree of overstocking may be op mal if the focus is solely on profitability. De Vries et al. (2016) used published data
to model the rela onships among stocking density
(stalls and feed bunk), lying me, and profit ($/stall/
year). This economic analysis reported that profit per
stall actually was maximized when stocking density
was ≥100% in 67% of scenarios and ≥120% in 42% of
scenarios of prevailing costs of produc on and milk
price in the US (De Vries et al., 2016). The profitability of overstocking was a func on of revenue gained

by increasing produc on per stall, the cost of increasing or decreasing produc on per cow, variable costs
(i.e., costs that vary with changes in milk produc on),
and milk price (De Vries et al., 2016).

cal stressor and poor feed or feeding environment as
the secondary stressor.
Recently, we have conducted several studies aimed at
assessing the interac ons between: 1) stocking density of free stalls and headlocks and 2) dietary physically eﬀec ve neutral detergent fiber (peNDF) and
undigested NDF at 240 hours of in vitro fermenta on
(uNDF240) or restric ons on feed accessibility.

However, overstocking compromises the cow’s ability
to prac ce natural behaviors (Wechsler, 2007) which
is a primary factor related to cow well-being. Overstocking interferes with the cow’s ability to engage in
normal feeding and res ng behaviors, which comprise approximately 70% of the cow’s day (Grant and
Albright, 2001). Cows place priority on res ng when
forced to choose among res ng, ea ng, and other
behaviors (Metz, 1985; Munksgaard et al., 2005)
which suggests that overstocking may limit their ability to meet their daily me budget, defined as 3 to 5
h/d of feeding, 10 to 14 h/d of lying, and 7 to 10 h/d
of rumina on (Grant and Albright, 2001; Gomez and
Cook, 2010). Bach et al. (2008) were able to isolate
the eﬀect of management environment on cow performance using 47 dairy farms that were members of
the same coopera ve and fed the same TMR. Despite
similar gene cs and the same diet, average herd milk
produc on ranged from 20.6 to 33.8 kg/d. Nonnutri onal (i.e., management) factors explained 56%
of the varia on not a ributable to nutri on, and free
stall stocking density alone accounted for 32% of the
varia on among farms.

Miner Ins tute Research on Overstocking and Physically Eﬀec ve Fiber
In our first study, forty-eight mul parous and 20
primiparous Holstein cows were assigned to 1 of 4
pens (n = 17 cows per pen). Pens were assigned to
treatments in a 4 x 4 La n square using a 2 x 2 factorial arrangement. Two stocking densi es (STKD; 100
or 142%) and 2 diets (straw, S and no straw, NS; Table
1) resulted in 4 treatments (100NS, 100S, 142NS, and
142S). Stocking density was achieved through denial
of access to both headlocks and free-stalls (100%, 17
free-stalls and headlocks per pen; 142%, 12 freestalls and headlocks per pen). Twelve mul parous
and 4 primiparous ruminally fistulated cows were
used to form 4 focal groups for ruminal fermenta on
data. Each focal group was balanced for DIM, milk
yield, and parity. Ruminal pH was measured using an
indwelling ruminal pH measurement system (Penner
et al., 2006; LRCpH; Dascor, Escondido, CA) at 1-min
intervals for 72 h on days 12, 13, and 14 of each
period. Daily ruminal pH measurements were averaged over 10-min intervals. Measurements were then
averaged across days and among cows into a pen
average for each period.

Higher stocking densi es reduce feeding me and
increase aggression at the feed bunk (Huzzey et al.,
2006), may reduce rumina on (Batchelder, 2000) or
percentage of rumina on occurring in stalls, decrease
rumina on while recumbent (Krawczel et al., 2012a),
and reduce lying me (Fregonesi et al., 2007; Hill et
al., 2009; Krawczel et al., 2012b). Overstocking also
typically increases rate of feed consump on and
meal size (Collings et al., 2011).

Diets were similar except that the S diet had a poron of haycrop silage replaced with chopped wheat
straw. Each diet was formulated to meet both ME
and MP requirements. The TMR was mixed and delivered once daily at approximately 0600 h and pushed
up approximately 6 mes daily to ensure con nuous
feed availability. The diets were designed to diﬀer
meaningfully in peNDF) and uNDF measured at 30,
120, and 240 h of in vitro fermenta on. Otherwise,
the two diets were similar in analyzed chemical composi on.

Stocking Density as a Sub-Clinical Stressor
The concept of subclinical stressors proposes that the
combina on of two stressors, such as sub-op mal
housing design and poor feeding management, will
be greater than either one in isola on. A subclinical
stressor depletes the biological resources of the cow
without genera ng a detectable change in func on,
which leaves the animal without the resources to
respond to subsequent stressors (Moberg, 2000).

Ruminal pH results are presented in Table 2. As
expected, increasing the peNDF content of the diet
reduced the me spent below pH 5.8 (P = 0.01) as
well as decreasing the severity of sub-acute ruminal
acidosis (SARA) as observed through a reduc on in
area under the curve below pH 5.8 (P = 0.03). Higher
stocking density increased me spent below pH 5.8
(P < 0.01) and tended to increase the severity of
SARA (P = 0.06).

Subordinate cows may exhibit changes in behaviors that do not always result in clinical or visible
outcomes such as lower milk produc on or altered
health status. However, the sub-clinical stressor of
stocking density would diminish her eﬀec veness
against addi onal stressors, placing her in a state of
distress. One could view overcrowding as a sub-clini127

Furthermore, there was a trend for an interac on
between stocking density and diet, indica ng greater
SARA when cows were housed at higher stocking
density and fed the lower fiber diet. Importantly,
greater stocking density had a larger eﬀect on ruminal pH than changes to the diet, with a 1.4-h diﬀerence between 100 and 142% stocking density but
only a 0.9-h diﬀerence between diets. Reduc ons in
SARA through the addi on of straw was observed at
both stocking densi es (0.4-h diﬀerence at 100% and
1.4-h diﬀerence at 142%), although there seemed to
be greater benefit of boos ng dietary peNDF or uNDF
at the higher stocking density.

ment 2, we evaluated two levels of feed restric on (0
h or no restric on; NR) and 5 h of feed restric on (R)
that resulted in 4 treatments (100NR, 100R, 142NR,
and 142R). Feed restric on was achieved by pulling
feed away from headlocks approximately 5 h before
the morning feeding. Previous research has shown
that blocking access to the feed bunk for 5 to 6 h/d
mimics so-called “clean bunk” management (French
et al., 2005).
The eﬀect of stocking density and feed access on
ruminal pH characteris cs is shown in Table 4. Higher
stocking density, as in experiment 1, increased risk
for SARA with greater me spent below pH 5.8 (P
= 0.02) and tended to increase severity (P = 0.09).
While there were no diﬀerences in ruminal pH responses for the feed access treatment, there was a
significant interac on between stocking density and
feed access (P = 0.02), indica ng an exacerbated risk
for SARA when cows were housed at higher stocking
density and had restricted access to feed. Compared
to experiment 1, feed access when isolated did not
have as great an impact on ruminal pH compared to
diﬀerences in fiber levels of the diet. However, when
combined with high stocking density, reduced feed
access had a greater impact than the low fiber diets.
The implica ons of these results on commercial dairy
farms where overstocking and feeding to low levels
of feed refusals is commonly prac ced need to be
be er appreciated.

Ea ng me (238 min/d, SEM=4) and rumina on
me (493 min/d, SEM=9) did not diﬀer among treatments (P > 0.10; Table 3). However, rumina on
within a free-stall as a percentage of total ruminaon decreased at higher stocking density. As res ng
and rumina on are significant contributors to buﬀer
produc on (Maekawa et al., 2002b), it is possible
that this shi in the loca on of rumina on may affect the volume or rate of buﬀer produc on, parally explaining the increased risk of SARA at higher
stocking densi es. Ruminal pH diﬀerences between
diets are likely explained by increased buﬀer volume
produced during ea ng and rumina on for the straw
diets as evidenced by Maekawa et al. (2002a) where
increases in the fiber-to-concentrate ra o resulted in
increased total daily saliva produc on.
Higher stocking density increased the latency to consume fresh feed; i.e., it took cows longer to approach
the bunk and ini ate ea ng with higher stocking
density. Addi onally, higher stocking density reduced
lying me, but boosted the me spent lying while in
a stall indica ng greater stall-use eﬃciency. Overall,
me spent standing in alleys increased markedly with
overstocking.

The bo om line is that overcrowding and feed restric on and the resul ng nega ve eﬀect on rumen
condi ons may well interfere with the cow’s ability to
respond to otherwise well-formulated ra ons.
Food for Thought: Re-Assessing Industry Feeding
Management Norms
Several recommenda ons for facility design and
management have become dairy industry norms – for
instance providing 60 cm (or 24 in) of manger space
per cow. A stocking density at the feed bunk of 100%
commonly refers to providing 60 cm/cow. The goal
of this sec on of the paper is evaluate what research
tells us regarding the adequacy of common industry
guidelines for feeding management.

Miner Ins tute Research on Overstocking and Reduced Feed Access
Nutri on models calculate nutrient requirements
assuming that cows have ad libitum access to feed
and are not overstocked. The reality is that many of
the dairy cows in the US are fed under overstocked
condi ons – and increasingly farmers are feeding for
lower amounts of daily feed refusals in an eﬀort to
minimize wastage of expensive feed. Consequently,
we need to understand the interac on of stocking
density and feed availability or restric ons on ruminal pH, behavior, and produc ve eﬃciency.

Compe on for feed. Cows have a naturally aggressive feeding drive and exert up to 226 kg of
force against the feed barrier as they reach for feed
(Hansen and Pallesen, 1998). To put this in perspecve, 102 kg of force causes ssue bruising. Cows will
injure themselves in an a empt to eat if we do not
properly manage the feeding system to ensure feed
accessibility. Even more importantly, a feeding environment that chronically frustrates a cow’s drive to

Using cows and a design similar to the previous study,
two STKD (100 or 142%) were assessed. In experi128

access feed may train her over me to become a less
aggressive feeder (Grant and Albright, 2001).

al., 2008) evaluated the eﬀect of feed push up each
half-hour for the first two hours a er feed delivery
versus only once per hour.

Are 60 cm (24 in) of bunk space per cow - the industry standard - suﬃcient from the cow’s perspecve? A study by Rioja-Lang et al. (2012) addressed
this ques on by providing subordinate cows with a
choice: they could choose to eat a low palatability
feed alone or they could choose a high palatability
feed that came with a dominant cow located either
20, 45, 60, or 76 cm away. When feeding space was
highly restricted (i.e., 20 or 45 cm) most subordinate
cows chose to eat the low palatability feed alone.
But, even with 60 or 76 cm of feed space about 40%
of subordinate cows s ll chose to eat alone. This
research suggests that some cows will se le for less
desirable feed to avoid compe on even when bunk
space exceeds the current industry standard.

Greater frequency of feed push up during the two
hours a er feed delivery resulted in more milk and
improved eﬃciency with no impact on stall resting me (Table 5). The number of mes that feed is
pushed up throughout the day is important, but this
research highlights the cri cal importance of ming
of feed push up. When deciding a feed push up strategy, we need to focus on ensuring that feed is easily
within reach of the cow during the highly compe ve
two hours following feed delivery.
Feed refusals and availability. For compe ve feeding situa ons, each 2%-unit increase in feed refusals
is associated with a 1.3% increase in sor ng (Sova et
al., 2013). Likewise, milk/DMI decreases by 3% for
each 1% increase in sor ng. Research has found li le
eﬀect of feed refusal on eﬃciency of milk producon over a fairly wide range of 2.5 to 16% refusals.
On farm experience suggests that a refusal target of
approximately 3% works well for lacta on pens, but
fresh pens should be closer to 6 or 7% to ensure that
feed availability is never limi ng given the important
rela onship between feed intake and incidence of
metabolic disorders.

So, a key management ques on is: are 60 cm/cow of
bunk space enough? With this space, cows cannot access feed all together. In fact, research that evaluated
60, 76, or 91 cm/cow of manger space observed less
figh ng and more feeding as feeding space increased.
It seems that, if you ask the cow based on research
results, the answer is “no”: 60 cm/cow is insuﬃcient
for op mal feeding behavior.
Feeding frequency. Delivery of fresh feed s mulates
feeding behavior more than return from
the parlor or feed push up (DeVries and von Keyserlingk, 2005). In a study that inves gated herd-level
management and milk produc on, Sova et al. (2013)
found a benefit of twice over once daily feeding with
dry ma er intake increasing 1.4 kg/d while milk yield
increased by 2.0 kg/d. With 2x feeding of a TMR,
more feed was available throughout the day and
there was less feed sor ng. Other research has found
that greater feeding frequency of the TMR improves
rumen fermenta on, enhances rumina on, and
boosts ea ng me. The posi ve response to greater
feeding frequency is more no ceable during heat
stress condi ons (Hart et al., 2014).

How long can the feed bunk be empty? The cow’s
mo va on to eat increases markedly a er only 3 h
without feed (Schutz et al., 2006). In addi on, when
feed access me was restricted by 10 hours per day,
from 8:00 pm to 6:00 am, feed intake was reduced by
1.6 kg/d coinciding with twice as many displacements
at feeding (Collings et al., 2011). When this temporal
feed restric on was combined with overcrowding
(1:1 or 2:1 cows per feeding bin) there was a 25%
increase in feeding rate during the first 2 h a er feed
delivery (i.e., slug feeding).
So, although a common management goal is to
minimize feed wastage, empty bunks are counterproduc ve and me when the feed bunk is func onally empty needs to carefully managed. Ideally, feed
should always be within easy reach of the cow, but
certainly no more than 3 h/d based on the very li le
published research.

However, some research indicates that the posi ve
response to greater feed delivery may diminish at
high frequencies, such as 4 or 5 mes per day (reviewed by Grant, 2015). In these cases, greater feeding frequency enhances ea ng me but also reduces
res ng me by up to 12%. Enhancements in feeding
me cannot be at the expense of me spent res ng.

Conclusions
Stocking density exhibited a consistent nega ve effect on rumen pH and increased the risk for SARA.
The presence of addi onal stressors in combina on
with stocking density exacerbated these nega ve
eﬀects on rumen pH, although the magnitude varied depending on the type of stressor. Manipula on

Feed push-up. Eﬀec ve feed push-up strategy is
cri cal for ensuring that feed is within easy reach
of the cow and is a func on of the number of mes
per day and when the feed push up occurs. A study
conducted at the University of Arizona (Armstrong et
129

of the feeding environment can help mi gate the
nega ve eﬀects of stocking density, such as increasing peNDF or uNDF240 in the diet or minimizing me
without access to feed. In contrast, the combina on
of overcrowding and feed restric on can have profound nega ve consequences for rumen pH.
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Table 1. Ingredient composi on and analyzed chemical composi on (dry ma er basis) of
TMR samples for NS (No Straw) and S (Straw) experimental diets.

1

peNDF determined with method described by Mertens (2002).
undigested NDF determined with method described by Tilley and Terry (1963) with
modifica ons (Goering and Van Soest, 1970).

2

Table 2. Rumen pH responses to diets containing straw (S) or no straw (NS) fed at 100
or 142% stocking density (STKD).

1

¬Area under the curve.
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Table 3. Behavioral responses for cows fed diets containing straw (S) or no straw (NS) at
100 or 142% stocking density (STKD).

Table 4. Rumen pH responses as influenced by stocking density (STKD) and feed restricon (FR; no restric on, NR; 5-h restric on, R).

1

¬Area under the curve.

Table 5. Greater feed push up in hours a er feed delivery improves dairy eﬃciency.
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Successfully Transitioning the Dry Cow From the
End to the Beginning of Lactation
Alex Bach
ICREA and Department of Ruminant Produc on, IRTA
Barcelona, Catalonia
About 30 to 50% of dairy cows are aﬀected by some
form of metabolic or infec ous disease around the
me of calving (LeBlanc, 2010). In addi on, virtually, all early-lacta on cows experience a period of
reduced immune func on for 1 to 2 weeks before,
and 2 to 3 weeks a er calving low feed intake, negave energy balance, lipolysis, insulin resistance, and
weight loss, and some may suﬀer hypocalcemia (clinical or subclinical); uterine infec ons, ketosis (also
clinical or subclinical), and displaced abomasum.

mammary an microbials used on dairy herds and
SDCT was found to be economically beneficial over
BDCT in herds with a lower incidence rate of clinical
mas s and a lower bulk tank SCC level (Scherpenzeel et al., 2018). However, quarters from cows with
a low SCC with no an bio c treatment at dry-oﬀ had
a 1.7- mes greater incidence rate of clinical mas s
during the dry period and the first 100 days in the
subsequent lacta on than quarters dried-oﬀ with
an microbials (Scherpenzeel et al., 2014). The dairy
industry has a empted to reduce milk at dry-oﬀ by
decreasing feed availability, increase milking intervals, or both. Advantages include: decreased risk of
udder engorgement and decreased risk of milk leakage (poten ally resul ng in less new intra-mammary
infec ons). However, there are some disadvantages,
including: decreased milk produc on prior un l
dry-oﬀ (which entails an economic loss), increased
labor to manage individual cows diﬀerently from the
milking herd, and welfare concerns due to decreased
availability of feed. Furthermore, cows on restricted
feed before dry-oﬀ experience greater blood non-esterified fa y acids and cor sol concentra ons compared with cows with no restric on (Odensten et al.,
2005, 2007) which may lead to metabolic problems
and impaired immune func on (Ster et al., 2012),
and thus, ironically, increased risk of contrac ng
intra-mammary infec ons.

The importance of the dry period in the epidemiology of mas s at calving has been studied for years.
Some studies in the eigh es evidenced that new
infec on rates by environmental organisms can be
10 mes greater during the dry period than during
lacta on (Smith et al., 1985) and more recent studies
confirmed that over 50% of all environmental mas s occurring in early lacta on (first 100 days in milk)
result from infec ons acquired during the dry period
(Green et al., 2002). Furthermore, it has been proposed that for every 5-kg increase in milk produc on
at dry-oﬀ above 12.5 kg, the odds of a cow suﬀering
an intra-mammary infec on at calving increases by
77% (Rajala-Schultz et al., 2005). Throughout the
years, as a result of bold improvements in gene cs,
nutri on, health, and management, the amount of
milk that cows produce at dry-oﬀ has doubled (Bradley et al., 2015). And thus, the risk of intra-mammary
infec ons at dry-oﬀ has also increased.

Since the early 90’s (and especially a er the release
of the NRC model in 2001, which recommends
energy densi es around 1.60 Mcal of NEl/kg during
this period) late pregnant cows have been fed highenergy ra ons in the immediate pre-calving weeks to
1) compensate for the assumed decrease feed intake
as calving approaches, 2) minimize body fat mobilizaon, ketosis, and fa y liver a er calving, 3) adap ng
the rumen microflora towards a high nutrient dense
ra on (that will be fed post-calving), and 4) foster
the growth of rumen papillae to minimize the risk of
rumen acidosis during lacta on through an improved
absorp on (and removal) of vola le fa y acids from
the rumen. The first two objec ves (compensate
reduc on of feed intake and minimize body fat
mobiliza on) do not seem to be a ained by feeding
high-energy diets before calving. Several studies have
shown that high-energy density diets fed prepartum
do not physically limit intake of cows (VandeHaar et

An bio c resistance has progressively become a
global concern for human health. The extensive use
of an microbials in human and veterinary medicine
in recent decades has been implicated in the accelera on of the emergence and spread of resistant
microorganisms. In an eﬀort to control this concern,
the European Commission launched in 2015 a set of
guidelines for the prac cal use of an microbials in
veterinary medicine, which included the avoidance
of the prophylac c use of an bio cs (OJEU, 2015).
To prevent the udder from new intra-mammary
infec ons during the dry period, the use of blanket
dry cow treatment on all cows (BDCT) has a dual
role: the cure of exis ng intra-mammary infec ons
and the preven on of new intra-mammary infecons. The use of selec ve dry cow therapy (SDCT) vs
BDCT resulted in a reduc on in the number of intra134

al., 1999; Mashek and Beede, 2000; Rabelo et al.,
2003) resul ng in over-consump on of energy. Overconsump on of energy prepartum has been linked to
decreases in feed intake prepartum compared with
cows that are fed to meet their energy requirements
(Agenäs et al., 2003; Dann et al., 2006; Douglas et al.,
2006; Guo et al., 2007). Furthermore, Janovick et al.
(2011) described that a bulky diet with a low energy
density fed prepartum improved metabolic status
postpartum, and reduced the incidence of health
problems. Interes ngly, overfeeding energy to cows
during the last 21 days before parturi on triggered a
robust upregula on of lipogenic gene expression in
adipose ssue (Ji et al., 2012), sugges ng that insulin
sensi vity may not be impaired by the hyperinsulinemic response to overfeeding energy (Janovick et al.,
2011; Ji et al., 2012). This situa on may increase the
odds for cows to accumulate fat pre-calving when
feed high-energy density diets. In fact, Drackley et
al. (2014) have shown that overfeeding energy to
nonpregnant-nonlacta ng cows dras cally increases
omental, mesenteric, and perirenal adipose ssue of
dairy cows, without transla ng in detectable changes
in body condi on of the animals. Furthermore,
Graugnard et al. (2013) reported that cows that were
moderately over-fed during the prepartum period
have an altered immune response and more prone to
sustain liver lipidosis than those fed low energy diets.
Thus, the current view is that recommended high-energy feeding during the dry period, especially as calving approaches, may be detrimental to cow health,
or at least unnecessary, as a much lower energy
density is suﬃcient to meet the energy requirements
of the late pregnant cow. An average pre-partum cow
requires about 15 Mcal of NEl/d, and feeding a ra on
with an energy density of 1.60 Mcal of NEl/kg ra on
would readily provide more than 19 Mcal of NEl/d.
Consequently, lower energy ra ons (approx. 1.32
Mcal/kg of NEl) should be suﬃcient to meet the energy requirements of dry cows. Cereal straw provides
an excellent source of fiber in such ra ons as well as
an important energy diluent provided the ra on is
well mixed to avoid ingredient selec on by the cows.
With respect to dietary protein, feeding ra ons of
approximately 13% crude protein are recommended,
possibly marginally greater when a significant number of first-calving heifers are being fed.

like an extremely long me to consolidate a change
in term of bacteria lifespan. In fact, Fernando et al.
(2014) have recently evaluated changes in the rumen
microbial popula on when shi ing steers from a prairie-based diet to a high-grain ra on. Within a week
of each step-up (animals were gradually moved to a
high-grain diet), the authors already reported dras c
changes in the rumen microbial popula on.
Lastly, the fourth objec ve (fostering growth of rumen papillae) could also be argued. The NRC (2001)
made this recommenda on based on the study by
Diksen et al. (1985) that compared the characteris cs
of rumen papillae between cows fed a straw-based
gesta on ra on to a high concentrate lacta on raon. However, studies subs tu ng barley for forage
in the diets of late-gesta on dairy cows, in an attempt to increasing rumen acid load and alter rumen
vola le fa y acid concentra ons, had no eﬀect on
rumen papillae characteris cs (Andersen et al., 1999)
or subsequent lacta on performance (Ingvartsen et
al., 2001). Furthermore, a more recent study (Reynolds et al., 2004) that compared a high fiber diet
vs the same diet plus addi onal 800 g/d of barley
precalving reported that total mass of rumen papillae excised from the floor of the cranial sac was not
aﬀected by transi on diets, but the number tended
to be greater when barley was fed, and this was associated with a marked reduc on in average width,
which resulted in a reduced average surface area.
Thus, it would seem that there would be no need to
‘adapt’ rumen papillae before calving by providing
high-starch diets.
Therefore, keeping the dry cows in one single group
and feeding a low energy diet throughout the period
could be recommended. There are, however, other
reasons for feeding special diets pre-calving. These
reasons include minimizing the incidence of hypocalcemia and udder edema. Dairy cows have between
2 and 4 g of calcium in blood, half of which is in the
ionized form. On the first day of lacta on, synthesis
and secre on of colostrum impose major losses of
calcium equivalent to 7 to 10 mes the amount of
calcium present in blood (Horst et al., 2005). Clinical
hypocalcemia, nowadays has a rela vely low prevalence (< 2%); however, subclinical hypocalcemia (i.e.
cows with calcemia ≤ 8.2 mg/dl) has a staggering
prevalence (>50%; Goﬀ, 2008; Rodriguez et al., 2017;
Venkajob et al., 2018). Cows with clinical hypocalcemia are at increased risk of developing other periparturient problems, including dystocia and ketosis
(Cur s et al., 1983), displaced abomasum (Massey et
al., 1993), uterine prolapse (Risco et al., 1984), and
retained placenta (Melendez et al., 2004). Furthermore, hypocalcemic cows have increased plasma
concentra ons of cor sol (Horst and Jorgensen,

The third objec ve (adap ng the rumen microflora
to a high-starch diet) is also debatable. In ruminant
nutri on it has typically be assumed that at least 3
week are needed for the rumen microflora to adapt
to a dietary change. However, the vast majority of
organisms in the rumen are bacteria and they can
double their popula on in as fast as 600 min in the
absence of oxygen (under areobic condi ons this figure could be as low as 20 min). Thus, 3 weeks seems
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1982), reduced propor on of neutrophils with
phagocy c ac vity (Ducusin et al., 2003; Mar nez et
al., 2012), and impaired mononuclear cell response
to an an gen-ac va ng s mulus (Kimura et al., 2006;
Mar nez et al., 2014). This reduc on of immune response has linked hypocalcemia to metri s (Mar nez
et al., 2012) and mas s (Cur s et al., 1983).
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Howthecalfbehaves:
• SocialBehavior
• Activity

From:UnderstandingAnimalWelfare:DavidFraser2008

Performance:ADGandDMI

(Costaetal,2016)
(DairyCattleWelfareCouncilAnnualMeeting,June2018)

Whypairovergrouphousing?

Equivocalgrowth

IndividualͲ>Pairvs.IndividualͲ>Group

• Easiertransitionforproducers
• Nochangeinmilkdeliverysystem
• Bothhutchesandpensinbarnscanbe
adapted
• Noneedforanewbuilding
• Fewerchangesincalfmanagement
• Moreacceptablechangeforproducers
(?)

• Holsteinheifercalves
• Pairedat5din
modifiedhutches
• Fed10Lmilkreplacer
perdayviabottle
• Weanedat60d

• Advantagesofsocialhousingwithout
detrimentaleffectsoflargegroups
• Healthchallenges
• Weaningchallenges
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(Whalin etal,2018)

Whypairoverindividualhousing?

ImprovedPreͲweaningGrowth
•
•
•
•

Performance:
• Growth+/=
• DMI+/=
• Health=

Pairestablishedatbirth(n=6pairs;n=12individual)
ProͲCrossandHolsteinHeifercalves
Fed4Lmilkreplacertwiceperday
Weanedat50d,followeduntil4months
Measure

Individual

Pair

Weaningweight(kg)

82.4(1.5)

89.4(1.5)

PͲValue
0.04

16w weight(kg)

154.5(3.4)

162.1(3.4)

0.12

ADG1 (kg/d)

0.81(0.03)

0.95(0.03)

0.04

ADG2 (kg/d)

1.16(0.05)

1.15(0.05)

0.89

ADG3 (kg/d)

1.03(0.03)

1.09(0.03)

0.22

Howthecalffeels:
• Coping/Stress
• Abilitytolearn
• InteractionwHumans

ADG1 :Birthtoweaning
ADG2 :Weaningto16weeks
ADG3 :Overall

(Knauer,unpublisheddata)

Howthecalfbehaves:
• SocialBehavior
• Activity

From:UnderstandingAnimalWelfare:DavidFraser2008

IncreasedStarterIntakearoundWeaning

•
•
•
•

SocialBehavior:howdopair
housedcalvesinteractwith
othercalves?

Bullcalves
10calvespergroup
AdlibMR
Weanedat50dat
whichpointallwere
pairhoused

• Lowerheartratewhenplacedinapenwithunfamiliar
calves(Jensenetal,1997)
• Morewillingtointeractwithunfamiliarcalf(Jensenetal,
2014)

• Lessfearfulandmorewillingtoapproachunfamiliar
calveswhenmixedafterweaning(dePaulaVieiraetal,2012)
(Overvest etal,2018)

Activity:Lyingbehavioraroundweaning

NodifferenceinpreͲweaningcalfhealth
• Nodifferencehasbeenfoundincalfhealth
outcomes(treatmentorhealthscoring)between
calvesraisedindividuallyvs.inapairduringthe
preͲweaningperiod(JensenandLarsen2014;Pempek etal,2016)
• Nostudyhashadsufficientsamplesizetoevaluate
thisappropriately
• Example:Tofindareductioninmorbidityfrom35%to
28%(20%reduction)wouldneed700calvesper
treatmentgroup
• Largeststudytoevaluatehealthhad22pergroup

(Overvest etal,2018)
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Paircalvesvocalizelessatweaning

Activity:Lyingbehavioraroundweaning

Weanedover3d,completeweaningatd51

ProportionofTimeSpentLyingDown(%/24hr)

Weanedover7d,completeweaningatd49

6%differencein
lyingtimeforthe
week(86min)

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

(DePaulaVieiraetal,2010

0
1

2

3

4

5

6

7

(Boltetal,2017)

8 9 10 11 12 13 14 15 16
WeekofLife

Individual

Pair

(Knauer,unpublisheddata)

Pairhousedcalveslearnmoreeasily

ProportionofTimeSpentLyingDown(%/24hr)

Activity:Lyingbehavioraroundweaning
14%differencein
lyingtimeforthe
day(202min)

0.9
0.8

P=12
I=15

0.7

TBD:
• Whatarethese
calvesdoing?
• Latencyto:
• Eat
• Drink
• Liedown

0.6
0.5
0.4
0.3
0.2

P=13
I=20

0.1
0
Ͳ7

Ͳ6

Ͳ5

Ͳ4

Ͳ3 Ͳ2 Ͳ1
0
1
2
3
4
DayfromArrivalinWeanedPen(Time0)
Individual

5

6

• 8calvespergrouptestedat4weeksofage
• Nodifferenceininitiallearning
• Overallnumberofcorrectchoicesduring
reversalwasgreaterforpairhousedcalves

7

Pair

(Knauer,unpublisheddata)

(Galliardetal,2014)

Whypairoverindividualhousing?

Interactionwithhumans

Performance:
• Growth+/=
• DMI+/=
• Health=

Howthecalffeels:
• Coping/Stress
• Abilitytolearn
• InteractionwHumans

• 8 calvespergroup;9Lofwholemilkperdayviateatbucket2X
• Bloodsamplingtookplaceweekly
• Weighingtookplaceeveryotherweek

Howthecalfbehaves:
• SocialBehavior+
• Activity– (weaning)

• Pairhoused(anddamhoused)calvesstruggledlessduringblood
samplingandtooklongertocontactthehumanhandlerduring
bothbloodsamplingandweighingactivities
(Duveetal,2012)

From:UnderstandingAnimalWelfare:DavidFraser2008
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Whypairoverindividualhousing?

PairHousing:BestPractices

Performance:
• Growth+/=
• DMI+/=
• Health=

• Pairatbirthorshortlythereafter
• Agedifferenceofnomorethan5Ͳ7dbetweencalvesinapair
• Doubletheamountofspacefor1calf(35Ͳ>70ft2)
• Feedmilkfrombottlesandprovidebarriertopreventmilk
switching/stealing,andtohelpreducetheriskofcrosssucking

Howthecalffeels:
• Coping/Stress+
• Abilitytolearn+
• InteractionwHumans– (?)

Howthecalfbehaves:
• SocialBehavior+
• Activity– (weaning)

From:UnderstandingAnimalWelfare:DavidFraser2008

ChallengesofPairHousing

Stillneedtoinvestigate:

• OnestudyinJerseycalvesreporteda
crosssuckingrateof13.5%

• Economics
• vs.individual
• vs.group
• Implementation

• Health
• PreͲweaningandpostͲweaning

• Producerattitudes
• Separatingcalvesatfeedingtimeadded~2.5min
perpairperday

• Producerexperienceswithimplementation

Thankyou!
knaue020@umn.edu

SolutionstoCrossͲsucking
• Increasedmilkallowance
• Hungrycalvesaremore
likelytocrosssuckle

• Separatingatmilkfeeding
• Feedingwithabottlevs
bucket
• Barriersbetweencalves

(Duveetal,2014)

(100cm(1m);Jensenetal,2008)
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Can Negative DCAD Diets Fed Prepartum Improve
Reproductive Efficiency of Dairy Cows?
F. C. Cardoso, Associate Professor
Department of Animal Sciences
University of Illinois, Urbana
E-mail: cardoso2@illinois.edu
Take Home Message
•

•

•

•

•

Cows fed a nega ve DCAD diet prepartum (-24
mEq/100g of DM) had lower urine pH (pH = 5.7)
than cows not fed a nega ve DCAD diet prepartum (+6 mEq/100g of DM) (pH > 8.0).
Cows fed a nega ve DCAD diet prepartum (-24
mEq/100g of DM) had improved days to first
ovula on than cows not fed a nega ve DCAD diet
prepartum (+6 mEq/100g of DM).
Cows fed a nega ve DCAD diet prepartum (-24
mEq/100g of DM) with high concentra on of Ca
(2.0% DM) tended to be more likely to become
pregnant than cows not fed a nega ve DCAD diet
prepartum (+6 mEq/100g of DM).
Cows fed a nega ve DCAD diet prepartum (-24
mEq/100g of DM) with high concentra on of
Ca (2.0% DM) had improved uterine glandular
epithelial cells, greater SOD ac vity, and lower
GPX ac vity than cows fed a nega ve DCAD diet
prepartum (-24 mEq/100g of DM) with low concentra on of Ca (0.40% DM).
A nega ve DCAD diet prepartum seems to alleviate uterine ssue damage and is amplified by
increasing Ca supplementa on.

IntroducƟon
The periparturent period is defined in dairy cows as
a state of near maintenance requirements in late
gesta on to that of rapidly increasing metabolic and
nutrient demands needed for the onset of lacta on.
At parturi on, the dairy cow is subjected to various challenges that can aﬀect her future lacta ons
and fer lity. Failure or tardiness to adapt to these
changes can leave the cow predisposed to metabolic
disorders such as ketosis, acidosis, and displaced abomasum (Drackley, 1999; Vernon, 2005), or infec ous
disorders such as metri s and mas s (Mulligan
et al., 2006; Sheldon et al., 2002a), calving related
disorders such as dystocia, retained placenta, and
decreased fer lity (Roche et al., 2000; Sheldon et al.,
2002b). What is thought to be an underlying issue
in these disorders is an imbalance in calcium homeostasis at the onset of lacta on. Calcium (Ca), an
important macromineral involved in smooth muscle
contrac on, milk synthesis, and immune cell ac vaon, reaches a nadir in the first days a er parturi on
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at the onset of lacta on. An es mated 5-10% (Oetzel,
2011) of dairy cows experience hypocalcemia (HC;
milk fever, parturient paresis) at the me of parturion, with an es mated cost of $246 per case (Liang
et al., 2016). The prevalence of subclinical hypocalcemia [SCH; es mated at 33% of all 1st lacta on
or greater (Reinhardt et al., 2010)] is considerably
higher, therefore, its economic impact is more significant than HC. Subclinical hypocalcemia is o en
undiagnosed and primes the cow for other various
disorders as well as decreased milk produc on (Horst
et al., 1997; Goﬀ, 2008). The homeostasis of Ca is
o en challenged at parturi on due to a decrease
in Ca signaling sensi vity from an oversatura on of
Ca in the prepartum diet (Horst, 1986). Parathyroid
hormone (PTH) is a calciotropic hormone that is
important in absorp on of dietary Ca and reabsorpon of Ca stores (bones, skeletal muscle). Prepartum
nutri onal management is paramount in a successful
transi on from non-lacta ng to lacta ng cow (Drackley, 1999; Overton and Waldron, 2004). Treatments
to lessen the eﬀects of HC and SCH have been in use
for decades, however, feeding management as a preven on of Ca imbalance at parturi on has become
more commonly used in the recent years (Reinhardt
et al., 2010; Horst et al., 1997; Goﬀ, 2008). Overfeeding Ca in the last four weeks before parturi on has
been associated with high incidences of SCH and HC
(Horst, 1986; Overton and Waldron, 2004). However,
formula ng a prepartum diet that only meets and
not exceeds dietary Ca is challenging.
In recent years, eﬀec ve dry cow management has
been a focal point in dairy cow research. Due to challenges faced by the periparturient cow, she is suscepble to a host of metabolic diseases (Drackley, 1999;
Vernon, 2005) as well as infec on from opportunis c
bacteria (Mulligan et al., 2006; Sheldon et al., 2002a).
This suscep bility to disease is not easily defined to a
single factor, rather, it is a complex system of changing metabolic demands, resistance to bacterial contamina on of the uterine lumen, and coordina on of
various ssues to meet the demands of lacta on and
a return to a heathy state. Failure to adapt can delay
cow’s uterine involu on process, return to ovarian
cyclic ac vity, and diminish her immune response
(Sheldon et al., 2006, Griﬃn et al., 1974; Kimura et

al., 2006). At the me of parturi on, the cow must
successfully transi on from fairy low energy requirements to rapid mobiliza on of her endogenous
energy stores (Bell, 1995), as well as increasing her
exogenous energy intake (Grummer et al., 2004, Vernon, 2005). Failure to transi on through this period
leaves the cow in a nega ve energy balance (NEB)
for a prolonged period of me (Esposito, 2014), thus
increasing her likelihood of disease (Hammon, 2006).

Hypocalcemia and FerƟlity
Hypocalcemia is one of the most prevalent and
perhaps the most costly metabolic disorders to aﬀect
dairy cows (Oetzel, 2011). Dairy cows generally have
8.5-10 mg/dL of circula ng Ca (Allen, 2016). Hypocalcemia, as defined by the Merck Veterinary Manual,
as < 7.5 mg/dL of circula ng Ca (Allen, 2016). Oetzel
(2011) review of the disease observed 5-10% of all
dairy cows in the periparturient period were aﬀected
by clinical hypocalcemia (milk fever), resul ng in
economic losses from deaths, increased culling rates,
and decreased milk produc on, in addi on to treatment costs. Symptoms of milk fever, as it is defined
by Merck Veterinary Manual, can be separated into
3 stages: Stage 1: fine muscle tremors, restlessness,
with excessive ear twitching and head bobbing; Stage
2: unable to stand, decreased body temperature, cold
ears, and cons pa on; Stage 3: loss of consciousness, complete muscle flaccidity, and sever bloat. If
le untreated, HC can result in cow death. Subclinical hypocalcemia eﬀects about 33-47% of 2nd lactaon or greater (Reinhardt et al., 2011) dairy cows
around the me of calving. Subclinical hypocalcemia
is defined as depressed Ca concentra on in the blood
without showing clinical signs of milk fever. While the
outward eﬀects of SCH are not as pronounced as HC,
the economic eﬀect is profound. Aﬀec ng half of the
milking herd in the United States, it o en goes undiagnosed and the disease can manifest into increased
suscep bility to secondary diseases such as ketosis,
metri s, mas s, retained placenta, lameness, and
milk fever, as well as long-term losses in produc on
eﬃciency [decreased dry ma er intake (DMI) and
milk produc vity; (Goﬀ, 2008)].

At the onset of lacta on, Ca requirements increase
4-fold to meet the demands of lactogenesis (Horst
et al., 1997). To sa sfy this demand the cow will first
increase absorp on of exogenous Ca from her diet,
and second, pull Ca from her own stores (bone and
skeletal muscle). However, this ac on can be disrupted if the cow is exposed to a high dietary calcium
in her prepartum diet. This is due to the ac ons of
the calciotropic hormone, PTH. Parathyroid hormone
regulates calcium homeostasis by increasing intes nal Ca absorp on and renal Ca reabsorp on (Goﬀ et
al., 2004; Li ledike et al., 1987). If exogenous Ca does
not meet the Ca demand, PTH will act upon endogenous Ca stores. If exposed to high dietary calcium in
the prepartum phase, sensi vity to PTH diminishes
as well as PTH receptor numbers (Goﬀ, 2008; Horst,
1986), leaving the cow unable to adapt eﬀec vely to
the increased Ca demands from colostrum and milk
synthesis and instead must rely on her endogenous
sources. Prolonged dependency on endogenous Ca
sources puts the cow in a nega ve Ca balance, and in
severe cases, induce HC, or more o en, SCH.
An increasingly popular dry cow management pracce is to feed an acidogenic or par ally acidogenic
diet to cows entering the close-up period up un l
parturi on. This is achieved by manipula ng the
dietary ca on-anion diﬀerence (DCAD) in the diet.
Acidifica on of the diet is realized when the concentra on of anions is greater than that of the concentra on of ca ons. This increases anion absorp on in
circula ng blood and leaves the cow in a slight state
of metabolic acidosis. Various studies (Charbonneau
et al., 2006; Goﬀ et al., 2004; Santos et al., 2019)
have examined this eﬀect and observed that this
prac ce decreases the chances of the cow developing HC and SCH. The mechanisms of this ac on is
achieved by maintaining PTH sensi vity to calcium
homeostasis and increasing calciotropic receptor
numbers (DeGaris et al., 2008). Feeding a nega ve
DCAD diet in the prepartum phase of the periparuent period has been observed to increase the subsequent reproduc ve performance of the cow as well
as improve the calcium status of the cow (Mar nez et
al., 2018; Chapinal et al., 2012).

Caixeta et al. (2017) examined the eﬀect of Ca status
through the first 3 days postpartum and observed
that cows that had SCH (cows with blood Ca ≤ 8.6
mg/dL for at least one of the first 3 days postpartum)
had an elevated number of cows in NEB when compared to eucalcemic animals. The study also revealed
that chronic SCH (cSCH) cows (cows with blood Ca ≤
8.6 mg/dL for all first 3 days postpartum) had lower
odds of being pregnant at first service than eucalcemic cows. Moreover, the authors observed that cows
that had SCH also had higher incidences of disease
when compared to eucalcemic cows and this eﬀect
was more pronounced in cSCH. Feeding behavior of
the cow as well as feeding strategies employed by the
producer in the close-up dry period can influence the
cows’ ability to aﬀec vely use Ca in the days following parturi on. Bell (1995) es ma on of nutrient and
energy demands to increase drama cally from day
250 of gesta on to 4 days postpartum (tripling the
demand for glucose, doubling the demand for amino
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acids, and approximately quintupling the demand
of fa y acids). In addi on to this, Ca requirements
increase about fourfold on the day of parturi on
(Horst et al., 1997). It has been reported by mul ple
studies (Caixeta et al., 2017; Kamgarpour et al., 1999;
Horst, 1986) for Ca concentra ons in the blood to
reach a nadir on the first day of lacta on as the cow
adapts to the metabolic changes. However, as was
examined by Caixeta et al. (2017), the ability of the
cow to adapt to these changes, i.e. failure to do so,
will nega vely aﬀect the reproduc ve performance
and incidence of disease of the cow. In a meta-analysis, Santos et al. (2019) concluded that Reducing
the DCAD of diets fed to prepartum cows reduced
DMI prepartum but increased postpartum intake.
Mul parous cows produced more milk, fat-corrected
milk, fat, and protein when fed acidogenic diets
prepartum, but a similar response was not observed
in nulliparous cows. The authors hypothesized that it
was possible that the limited number of experiments
repor ng data on nulliparous precluded a more
precise es mate of the eﬀects of manipula ng the
DCAD on that group of cows. Their findings support
the recommenda on of feeding acidogenic diets to
mul parous cows to improve Ca metabolism around
calving, reduce the risk of milk fever and uterine
diseases, and improve lacta on performance (Santos
et al., 2019).

mands of milk produc on and will result in parturient
paresis (Goﬀ, 2008).
At the onset of HC, there are various op ons for
treatment. Due to the paralysis experienced as a
result of HC, the weight of the cow will cut oﬀ blood
supply to the down side of the cow which will begin
to cause necrosis in as li le as 4 hours, therefore,
treatment should begin at first signs of HC. Goﬀ
(2008) discussed the eﬃcacy of these diﬀerent treatments of HC extensively. The most eﬀec ve method
is to administer an IV injec on on Ca salts (Ca borogluconate being the most common) at a dosage of
2 g Ca/100 kg of body weight at a rate of 1 g/min.
Other methods include subcutaneous injec on of Ca
salts, however these have falling out of favor as they
require 6-10 separate, 50-75 mL shots to be administered for an eﬀec ve dosage. Oral administra on
of Ca can fall between treatment and preventa ve
measure. This concept is if the cow’s ability to absorb
dietary calcium is compromised due to intercellular
transport (due to loss of PTH sensi vity), administraon of an oral bolus of upwards of 125 g Ca/dose will
cause an osmo c diﬀerence in the intes nes and allow the possibility of passive diﬀusion of Ca through
epithelial ght junc ons and into the vascular system.
Recently, there have been numerous studies aimed
in iden fica on and preven on of SCH and HC in the
transi on period (Neves et al., 2016; Oetzel, 2011,
Caixeta et al., 2017; Goﬀ, 2006). The most prolific
of these strategies in the last 3 decades has been to
feed an acidogenic diet in the prepartum phase of
the transi on period (NRC, 2001; Goﬀ, 2008; Neves,
2016; Horst et al., 1997; Jawor et al., 2012; Overton
and Waldron, 2004). This is achieved by feeding the
cow an anionic salt supplement to obtain a negave dietary ca on-anion diﬀerence (DCAD) in the
formula on of the diet. The increased concentraon of circula ng ca ons (K+, Na+, Ca2+, and Mg2+)
prepartum can eﬀec vely alkalinize the blood and
induce conforma onal changes in the PTH receptor
in target ssues and a loss of sensi vity to the hormone (Li ledike and Goﬀ, 1987). In order to achieve
the acidogenic diet, the diet will need to be formulated so that the dietary anions (Cl-, S-2, and P-3) are
in greater concentra on than the dietary ca ons.
Dietary ca on-anion diﬀerence is commonly measured as milliequivalents per kilogram (mEq/kg) of
DM, however, there are various ways to calculate the
DCAD in the diet, with one of the earliest equa ons
being from Ender et al. (1971), a four variable equaon:

Calcium metabolism in the periparturent period is
extremely important for the cow to have a successful transi on to lacta on. Horst (1986) examined
calcium homeostasis during the transi on period and
observed that to minimize incidence of clinical hypocalcemia, he recommended to keep dietary Ca intake
at ≤ 50 g/d in the prepartum phase. At the onset of
lacta on, the cow will secrete up to 50 g/d of Ca (Allen, 2016) in the produc on of colostrum and milk.
This sudden ou low of Ca into milk will cause plasma
Ca levels to drop and to increase the release calciotropic hormones such as PTH and 1,25-dihydroxyvitamin D3. The parathyroid hormone first promotes
Ca absorp on in the intes nes and Ca reabsorp on
through the renal system, however if PTH con nues
to be released, it will s mulate the resorp on of Ca
from skeletal muscle and bones (Oetzel, 2011; Horst
et al., 1994; DeGaris and Lean, 2008). High circulating plasma Ca concentra ons (due to high dietary
Ca intake) in the prepartum phase can decrease the
sensi vity of PTH on target cells in the intes nes
and renal system (decreasing dietary Ca absorp on/
reabsorp on), thus increasing Ca release from reservoirs in the bones and skeletal muscles (DeGaris and
Lean, 2008). The loss of sensi vity of the PTH can be
unsustainable for the cow at onset of lacta on as she
pulls more Ca from her own reserves to meet the de145

DCAD = (Na+ + K+ ) - (Cl- + S-2 )

pends greatly on the bioavailability of Ca in feedstuﬀs
as well as inorganic Ca sources in the diet. While it is
diﬃcult to control for Ca available in feedstuﬀ, parcularly in fresh cow diets, many producers rely on
inorganic sources to meet Ca requirements. Calcium
absorp on will generally equate to the body requirement if the diet has enough Ca available for absorpon. However, depending on the Ca source, the rate
of inclusion of the inorganic Ca source may vary
(Table 1). There has not been much studies on the effect of a nega ve DCAD diet on diﬀerent Ca sources,
however, Oetzel et al. (1988) observed that feeding a
nega ve DCAD (-75 mEq/kg DM) when compared to
feeding a posi ve DCAD (189 mEq/kg DM) increased
the rate of absorp on and increased circula ng total
and ionized Ca concentra ons, improving overall Ca
absorp on and usage. While not a direct inorganic Ca
source, vitamin D is heavily involved in Ca metabolism. When sourced from calcidiol, vitamin D supplementa on, when paired with a nega ve DCAD (-124
± 11 mEq/kg DM) prepartum diet, increased circulating vitamin D metabolites and improve reproduc ve
performance of transi on dairy cows (Rodney et al.,
2018; Mar nez et al., 2014). It has been observed
that feeding a nega ve DCAD (-100 mEq/kg DM) diet
in prepartum diets increases the rate of Ca excre on
in urine (Razzaghi et al., 2012), however it also has
been observed to increase plasma Ca concentra ons
in the first day postpartum, when the cow is at most
risk of HC or SCH (Razzaghi et al., 2012).

It took into considera on the four largest DCAD
influencers to be represented equally. Mongin (1981)
itera on of this equa on assumed dietary sulfur was
met (0.2% S DM, 13 mEq of S/100 g DM; NRC (2001):
DCAD=(Na+ + K+ - Cl- )
Finally, if we truly want to incorporate all the major
ca ons and anions fed in the diet, the equa on could
be expressed as:
DCAD=(Na++ K++ Ca2+ + Mg2+) - (Cl-+ S-2 + P-3)
However, with this equa on, we assume that Ca2+
and Mg2+ are as strong of alkalizing agents as Na+
and K+ and that S-2 and P-3 are as strong of acidifying agents as Cl-. Goﬀ and Horst (1997) and Goﬀ et al.
(2004) examined the acidifying/alkalizing capacity of
the diﬀerent anions and ca ons in various forms and
observed diﬀerences, and assigned coeﬃcients to
these variables based on their acidifica on/alkalizing
capacity:
DCAD=(Na+ + K+ + 0.15Ca2+ + 0.15Mg2+) (Cl- + 0.6S-2 + 0.5P-3)
When formula ng prepartum diets with a negave DCAD most nutri onists and ra on formula on
so ware follow either Goﬀ and Horst (1997) or Ender
et al. (1971) itera on of the equa on. Mulligan et
al. (2006) determined three criteria to be met when
formula ng a nega ve DCAD diet: 1) keep DCAD
between -100 to -200 mEq/kg DM; 2) dietary Ca concentra on should be approximately 1.2% of the diet;
and 3) urine pH should stay between 6-6.8. There
has been debate surrounding the second criteria in
the last couple of two decades, as Oetzel et al. (1991)
cau oned against having Ca at 1.16% DM as it increased risk of milk fever. Since then, determina on
of dietary Ca inclusion with a nega ve DCAD has not
been clearly defined (Chan et al., 2006; Charbonneau
et al., 2006; Kronqvist et al., 2009; Esposito et al.,
2014; Weich et al., 2013).

During the process of parturi on, the uterus of the
cow becomes open to the outside as the cervix, vagina, and vulva open for the passage of the calf. This
opening allows for the introduc on of pathogens into
the uterine environment and could result in infec on
(Sheldon et al., 2006). While there is evidence of a
bacterial symbio c rela onship in the uterus (Sheldon et al., 2006), development of infec on occurs in
states of uterine dysbiosis in the days following parturi on (Sheldon et al., 2006; Rodney et al., 2018).
Clinically, incidences of metri s is defined as vaginal
discharge with purulent or brown characteris cs, and
a fe d odor accompanied by a fever (rectal temperature ≥ 39.2°C) (Sheldon et al., 2006; Esposito et al.,
2014). Pathologically, metri s is defined as inflamma on in the en rety of the uterine wall, whereas
endometri s is defined as inflamma on limited
only to the endometrium lining of the uterus. This
inflamma on is o en accompanied with bacterial
contamina on; however it is not a prerequisite for
diagnosis (Sheldon and Dobson, 2004). Inflamma on
a er parturi on is expected, however, if sustained
over long periods of me, it can result in decreased
fer lity and reproduc ve performance (Sheldon et
al., 2006; Sheldon and Dobson, 2004; Ribeiro et al.,
2016; Bromfield et al., 2013) and that in the absence

The NRC for dairy ca le recommends the required
absorbed Ca for a pregnant cow in her third trimester
to be represented by the exponen al equa on:
Ca (g⁄day) = 0.02456e(0.05581-0.00007t)t 0.02456e(0.05581-0.00007(t-1)(t-1))
Where t = day of gesta on
Whereas the recommended requirement for a lactating cow Ca absorbed to be 1.22 g Ca/kg of milk produced. Mee ng these necessary absorbed values de146

of bacterial infec on, inflamma on can s ll have
detrimental eﬀects on fer lity (Hansen et al., 2004).
While it is evident that the first 2 weeks postpartum
is when we can expect bacterial contamina on, this
does not always result in uterine infec on (Sheldon
and Dobson, 2004). The authors discuss that the process of inflamma on of the uterine lining is common
and a necessary part of the innate immune system
for the clearance and sloughing of ssue and bacterial contaminants.

faceted, the physiological changes of various ssues
of the dairy cow undergo to support the mammary
gland are taxing to the reproduc ve system of the
cow, par cularly during the periparturient period
(Lucy, 2001). Butler et al. (2003) associated NEB with
lower fer lity and reduced circula ng progesterone
at cri cal points of the ovula on cycle and failure to
return to normal cyclicity of the ovaries. A er calving, there are two primary objec ves that the cow
must accomplish to maximize successful breeding:
restoring uterine health and a return to normal ovarian cyclicity. As aforemen oned, the restora on and
involu on of the uterus post calving has numerous
challenges to overcome in the first 4 weeks postpartum. However, numerous studies have linked ovarian cyclicity with uterine health (Roche et al., 2000;
Sheldon et al., 2002). It can be expected that there
is a direct rela onship between uterine health and
ovarian func on. Hypocalcemia and SCH at parturion has been strongly associated with decreased
odds of pregnancy at first service and that chronically
SCH cows had a nega ve eﬀect of return to ovarian
func on (Caixeta et al., 2017). Sheldon et al. (2002)
observed that uterine bacterial contamina on was
associated with decreased dominant follicle diameter
and circula ng estradiol and FSH concentra ons.
Herath et al. (2007) observed that the granulosa cells
of a recruited or dominant ovarian follicle express
TLR-4, CD14, MD-2 receptor complex (PAMP receptors) throughout follicular development. Herath et
al. (2007) also observed that granulosa cells exposed
to LPS in-vivo produced less estradiol in vitro when
cultured in absence of immune cell contamina on.
The localized immune capability of the follicular
granulosa cells perturbs the follicle steroidogenesis.
Bromfield and Sheldon (2013) mimicked the LPS
concentra ons observed in follicular fluid during an
ac ve uterine infec on by culturing freshly harvested
ovarian cortexes in medium with 0.1, 1, and 10 μg/
mL of LPS. Bromfield and Sheldon observed that the
primordial follicle pool was reduced in the ovarian
cortex, and that there was an accumula on (inflammatory response) of inflammatory cytokines with increasing concentra ons of LPS in the ovarian cortex.

Various methods exist for evalua on of uterine
health in order to classify the severity of bacterial
contamina on or inflamma on. Williams et al. (2005)
linked characteris cs of vaginal mucus with uterine
bacterial contamina on, by associa ng purulent or
fe d odor of the mucus with pathogenic bacteria.
This evalua on and comparison was achieved by
evalua ng and scoring the color and content of the
vaginal mucus as well an addi onal binary score
of fe d odor. Williams et al. (2005) also associated
increased peripheral plasma concentra ons of α1acid glycoprotein (an acute phase protein (APP))
with a fe d mucus score and with increased growth
of uterine pathogens cultured from uterine swabs.
Reac ve oxygen species are vital in some aspects of
cell signaling (redox signaling) and cell homeostasis
(Fukai et al., 2011). The most prominent of the ROS
molecules is the superoxide anion▪O_2^-. However,
an accumula on of superoxide can result in oxidave stress by increasing the produc on of addi onal
ROS such as OH- , and cause posi ve feedback of lipid
peroxida on in the plasma membrane of cells (Sordillo et al., 2009). There are biological mechanisms
that catalyze superoxide and diminish its oxida ve
poten al. Superoxide dismutase (SOD) is an an oxidant enzyme found in three diﬀerent isoforms in the
mitochondria (SOD2), cytosol (SOD1), and extracellular plasma membrane (SOD3). All three isoforms of
SOD derive from dis nct genes and specific localizaon within the cell, however all three forms catalyze
the same reac on of dismuta on of superoxide to
H2O2 and further reducing it to H2O via catalase or
glutathione peroxidase (GPX). Superoxide dismutase
and GPX both work in concert to maintain a proper
redox environment within the cell (Fukai et al., 2011).
Ramos et al. (2015) study in beef cows observed that
endometrium ssue of cows with reduced GPX and
catalase ac vity are more prone to lipid peroxidaon and associated with smaller follicles and smaller
corpus luteum (CL). Bacterial contamina on has been
associated to induce oxida ve stress in ssues, via
inflammatory cytokine release in response to PAMPs
from bacteria (Lykkesfeldt et al., 2007).

AssociaƟon of Prepartum DCAD and CA
ConcentraƟon on FerƟlity
Our group, in a recent study, had mul parous Holstein cows were selected to evaluate the eﬀects of
feeding an acidogenic diet in the prepartum phase
at two diﬀerent rates of dietary Ca inclusion on the
subsequent reproduc ve performance of the cow.
We aimed to compare the eﬀects of feeding a fullyacidified, nega ve DCAD diet prepartum to mul parous Holstein cows (n = 70) at two concentra ons of
dietary Ca inclusion versus a non-acidified, posi ve
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DCAD diet prepartum on follicular dynamics and
pregnancy postpartum. Treatments began at 28 d before expected calving and were: CON (n = 23), a posive DCAD diet (+6 mEq/100g of DM) with low dietary
Ca (0.4% DM); LOW (n = 22), a fully-acidified, negave DCAD diet (-24 mEq/100g of DM) (urine pH = 5.7)
with low dietary Ca (0.4% DM); and HIGH (n = 25), a
fully-acidified, nega ve DCAD diet (-24 mEq/100g of
DM) (urine pH = 5.7) with high dietary Ca (2.0% DM).
Follicular development was monitored via ultrasound
every 2 d star ng at 7 DIM un l ovula on of the first
dominant follicle (DF). Contrasts included CONT1
(CON vs the average of LOW and HIGH) and CONT2
(LOW vs HIGH). Cows fed CON (18.93± 0.9 d) had
increased (P= 0.01) days to first ovula on than cows
fed LOW (17.93± 0.6 d) and HIGH (16.3 ± 0.4 d) (Figure 1). There was no treatment eﬀect on maximum
DF diameter (CON = 17.87mm, LOW = 18.33mm, and
HIGH = 17.56mm; SEM 0.44; P = 0.44, CONT1 and P =
0.16, CONT2). There was a tendency for a treatment
× days rela ve to ovula on interac on (P = 0.11)
indica ng that cows fed CON had a slower rate of
growth in the 4 days prior to ovula on of the first DF
than cows fed LOW or HIGH. Cows fed CON (4/19 P/
AI) tented to have lower P/AI (P = 0.11; 95CI = 1.02 –
16.6) than cows fed HIGH (11/21 P/AI) but not LOW
(8/20 P/AI). In conclusion, cows fed HIGH and LOW
had improved days to first ovula on than cows fed
CON. Cows fed HIGH tended to be more likely to become pregnant than cows fed CON. Overall, cows fed
a fully-acidified, nega ve DCAD diet prepartum had
improved reproduc ve performance postpartum.

fed CON vs cows fed LOW and cows fed HIGH) on the
glandular epithelial height suggests that the negave DCAD alleviated ssue damage to the glandular epithelial cells. A nega ve DCAD coupled with
supplementa on of high Ca (2.0% DM) amplified this
allevia ve eﬀect. To our current knowledge, this effect of a nega ve DCAD and high Ca supplementa on
on glandular development has not been previously
studied, however Mar nez et al. (2014, 2018) suggest that an improved Ca status around parturi on
led to lower incidences of endometri s, thus, less
ssue damage. Our study also indicates diﬀerences
in glandular epithelial cell numbers increased with
increasing Ca supplementa on while on a nega ve
DCAD diet. These findings could indicate that a negave DCAD diet may alleviate uterine ssue damage
and is amplified by increasing Ca supplementa on.
Superoxide dismutase ac vity in cows fed HIGH was
increased in comparison to cows fed LOW, while GPX
ac vity was decreased in the same comparison.
Superoxide dismutase and GPX work in concert to
maintain a proper redox environment in ssue by
reducing reac ve oxygen species (ROS) that cause
oxida ve stress in high concentra ons (Fukai et al.,
2011). Ramos et al. (2015) study on beef cows, indicated an increase in GPX ac vity with larger follicles
and larger CL, which does not agree with the results
from our current study. The loss or decrease of SOD
ac vity has been linked with controlling ssue damage signaling by perturbing reac ve oxygen species
(ROS) signaling by lowering H2O2 concentra ons
(Carreira, 2018). Brigelius-Flohé (1999) review of GPX
func on and ac vity in diﬀerent ssues indicates
that cytosolic GPX reduces cytosolic H2O2 concentraons to H2O. In eukaryo c species, H2O2 is not only
a mild ROS, but it is an important signaling molecule
in immune cell ac va on (Veal, 2007). Glutathione
peroxidase, under oxida ve stress condi ons, is
ac vated via nuclear factor-κB (NFκB), a key regulator in immune response to infec on and inflamma on (Stoytcheva and Berry, 2009). The inverse
rela onship of the enzyme ac vi es of SOD and GPX
observed from cows fed HIGH in the current study
is a part of the controlling mechanism of the redox
environment within cells, and is an intrinsic controller
to immune response ac va on.

Addi onally, endometrial ssue samples were collected at 30 DIM and analyzed for GPX and SOD ac vity, and glandular morphology. Cows fed HIGH had
greater (P = 0.02) epithelial height (22.47± 1.08mm)
than cows fed LOW (18.67 ± 1.08mm) and cows fed
CON (18.01 ± 1.08 mm) tended (P = 0.06) to have
shorter epithelial height than the average of cows
fed LOW and cows fed HIGH. Cows fed HIGH had a
greater (P = 0.05) number of epithelial cells per gland
(25.93 ± 1.07) than cows fed LOW (22.93 ± 1.07).
An -oxida ve enzymes SOD and GPX relieve oxidave stress in cells. Cows fed HIGH had increased (P =
0.05) ac vity of SOD (73.50 ± 2.83%) and decreased
(P < 0.001) ac vity of GPX (32.89 ± 5.05 %) than cows
fed LOW (69.49 ± 2.83 % and 68.31 ± 2.83 %, respecvely). In conclusion, cows fed HIGH had improved
glandular epithelial cells, greater SOD ac vity, and
lower GPX ac vity than cows fed LOW indica ng an
improved redox environment in the uterine ssue,
which may lead to improved post-partum fer lity.

Development of the dominant follicle of the first
follicular wave postpartum is highly correlated with
concep on rates (Butler, 2001; Royal et al., 2000;
Butler, 2003). Butler (2003) described a posi ve associa on of the early commencement of the ovulatory
cycle and increased concep on rates for the cow is
able to have mul ple ovulatory cycles before the first
med ar ficial insemina on. In the current study, the
average days to first ovula on, postpartum, of cows

Post-partum gland development and func on are
essen al to uterine reproduc ve func on. The tendency of eﬀect of a nega ve DCAD (comparing cows
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fed HIGH and cows fed LOW was less than cows fed
CON. Caixeta et al. (2017) observed cows that had
abnormal Ca levels at the first three days a er calving tended to take longer before returning to normal
cyclicity. Mar nez et al. (2018) indicated that there
were no diﬀerences in likelihood of pregnancy at first
TAI between a posi ve DCAD (145 ± 11 mEq/kg DM)
and a nega ve DCAD (-129 ± 11 mEq/kg DM) diet.
However, in this study we observed a tendency for
increased likelihood of cows fed HIGH to be pregnant
a er the first TAI in comparison to CON.
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Conclusions
In conclusion, cows that received a nega ve DCAD
diet prepartum had decreased days to ovula on of
the dominant follicle of the first follicular wave a er
calving. Cows in HIGH had improved uterine immune
response than cows fed LOW. Addi onally, cows that
received DCAD diets had improved uterine glandular
epithelial cell morphology than cows that received
CON; moreover, cows fed HIGH had increased uterine
glandular epithelial cells than cows fed LOW. Cows
fed HIGH had greater SOD ac vity and lower GPX
ac vity than cows fed LOW indica ng an improved
redox environment in the uterine ssue. Overall,
providing a DCAD diet prepartum with increased
calcium concentra on (HIGH) enhanced the immune
response in the days following parturi on
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Figure 1. Cows fed CON (18.93± 0.9 d) had increased (P= 0.01) days to first ovula on than cows fed LOW (17.93± 0.6 d) and HIGH (16.3 ± 0.4 d). CON: Posi ve
DCAD (+6 mEq/100g of DM; urine pH > 8.0) with low dietary Ca (0.40% of DM;
46.2 ±15.2 g Ca/d; n = 23); LOW: Nega ve DCAD (-24 mEq/100g of DM; urine
pH = 5.8) with low dietary Ca (0.40% of DM; 44.1 ± 16.1 Ca/d; n = 22); HIGH:
Nega ve DCAD (-24 mEq/100g of DM; urine pH = 5.8) with high dietary Ca
(2.0% of DM; 226.6 ± 96.0 g Ca/d; n = 25).
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Alternative Forages for Dairy Heifers
MaƩ Akins, UW Madison Dairy Science, msakins@wisc.edu
and Elizabeth Remick, Huawei Su, Lingyan Li, Abbey Grisham, Wayne Coblentz

OverͲconditioningofHeifers

Alternative Forages for
Dairy Heifers

--------- % of Dietary DM ------------Energy
Requirement,
TDN, %

Corn Silage
(72% TDN)

Alfalfa
Silage
(60% TDN)

Cutter
Forage
(48%
TDN)
Grain

Matt Akins, Elizabeth Remick, Huawei Su, Lingyan Li,

Bodyweight,
lbs

Abbey Grisham, and Wayne Coblentz

300

68.0

50

50

600

66.0

50

50

0

900

63.3

43

43

15

1200

62.3

39

39

22

PatHoffman,UWEmeritus

Options to control energy intake

Heifer Management Goals:

 Limit feeding – facilities/management

• Optimal growth for breeding by 13 months

to calve between 22 and 24 months of age

 Harvest later maturity grasses/legumes

• Minimize nutrient excretion

 Use lower energy/high NDF forages:

• Control costs

• Cereal grain forages
• Warm season grasses
• Straw/stover

Heifer rearing expenses can make
up 20-25% of dairy farm expenses

 
 Limit feeding – facilities/management?

$1800-2200 expenses birth to calving

 Harvest later maturity grasses/legumes
 Use lower energy/high fiber forages:
• Straw
• Cereal grain forages
• Sorghums or other warm season grasses

Datafromover9000dailypenintakesHoffman,2008

Akins,2015
WisconsinHeifer
CostofProductionSurvey
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Effects of Growth Stage on
Nutritive Value of Triticale

Use of Diet NDF to Control Intake

20-29 Tillering
50-59 Heading
80-89 Dough
30-39 Elongation 60-69 Flowering 90-99 Ripening
40-49 Boot
70-79 Milk

• 500 kg heifer will eat 5 kg NDF
• 45% diet NDF
• 11.1 kg DMI

• 50% diet NDF
• 10 kg DMI

Effects of Growth Stage on
Harvest Management Decisions

Cereal Grain Forage Use in Dairy Systems
Ɣ Planted in fall, usually after corn
silage or soybeans

2016
600-lb Heifer

Ɣ Harvested in the spring as silage

1200-lb Heifer

Ɣ contrast and consequences:
Ɣ Boot-stage harvest
- Dairy cow quality feed
- Double-crop corn or soybeans
Ɣ Soft-dough harvest
- 2 to 3 times better yield
- Difficult to double-crop
Ɣ Recent increase in popularity
related (in part) to facilitation of
manure distribution, and for providing
winter ground cover

Triticale Forage
1July

2016

Warm season
grasses
and
Roughages

25May

2017

30June
29May
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CompositionofDiets

Yieldresponsesforeasterngamagrass
grownatMARSSouth(2007Ͳ2009).

------------------------------ Diet ----------------------------

---------------- DM Yield ------------Harvest
Date
afterspringburn

2007

2008

Item

2009

Control

EGG

Wheat
Straw

Corn
Fodder

Ingredient, % DM

-------- kg DM /hectare-------

Corn Silage

55.8

26.7

25.2

32.6

Alfalfa Haylage

44.2

47.2

53.5

52.5

EGG

0

26.2

0

0

1 June

982

598

183

15 June

2236

1767

675

Wheat Straw

0

0

21.3

0

1 July

3358

3906

2641

Corn Fodder

0

0

0

14.9

15 July

4841

5276

4524

1 Aug

5646

6283

4433

15 Aug

5683

7715

Nutrients, % DM

5969

14July

NDF

43.3

50.9

53.3

50.4

CP

13.9

13.7

13.6

13.8

TDN

66.8

58.9

59.7

59.1

Diets

Nutritivevalueforeasterngamagrass
grownatMARSSouth(2007Ͳ2009).
Harvest
Date

NDF

CP

K

---------- % of DM -------------1 June

66.7

22.2

1.7

15 June

67.2

17.9

1.9

1 July

72.8

12.5

1.7

15 July

74.7

10.2

1.5

1 Aug

76.6

9.0

1.3

15 Aug

77.3

7.9

1.1
17

Sorting Behaviors

Assessment of Various Alternative Forages
 118-day feeding trial
 128 Holstein heifers
 4 diets, 16 pens
 Over-stocking at the

feedbunk (133%), but
not in the freestalls

Coblentz et al. (2015)

Greater than 100% indicates discrimination

Coblentz et al. (2015)

18
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Sorghum Research in WI

IntakeandPerformance
------------------------------ Diet --------------------------------Item

Control

EGG

Wheat Straw

Corn Fodder

DM

24.4

23.3

20.9

22.1

NDF

10.6

11.8

11.1

11.2

NDF, % BW

0.89

1.02

0.97

0.96

TDN

16.3

13.7

12.5

13.2

Gain, lbs

309

258

209

256

ADG, lbs/d

2.56

2.16

1.74

2.14

Feed:Gain, lbs/lbs

9.6

10.8

12.1

10.5

• Plots at Marshfield (poorly drained soil) and Hancock
(irrigated sandy soil) Research Stations:

Intake, lbs/d

•

Single vs Multiple harvest management
• Forage sorghum, Sorghum-sudangrass, Sudangrass
• Conventional, BMR, Photoperiod-sensitive
• 130 kg N/hectare
• 15” row spacing

Performance

• 88,000 seeds/hectare – forage sorghum
• 18 kg/hectare – sorghum-sudangrass
• 13 kg/hectare - sudangrass

Coblentz et al. (2015)


  ȋʹͲͳͷǦʹͲͳȌ
30000

kgDM/hectare

25000
20000
15000

MultiͲH

10000

MultiͲM
SingleͲH

5000

SingleͲM

0

Jeff Volenec, Purdue Univ

NDF(%DM)valuesofsorghumsandwhole plantcorn



2015

2016

• Foragesorghum
Forage

• Sorghumsudangrass
• Sudangrass

Multiple

Single

Multiple

Single

Whole plantcorn

65.5

50.4

62.3

43.4

PSforagesorghum

64.3

60.8*

60.9

62.2*

PSsorghumͲsudan

65.6

60.4*

63.0

62.9*

Possibletraits:

Foragesorghum

64.3

54.7

62.7

58.6*

BrownmidͲrib

SorghumͲsudan

65.0

54.0

63.5

59.0*

BMRforagesorghum

62.9

51.2

58.5

52.9*

BMRsorghumͲsudan

63.5

59.1*

62.0

55.5*

PSBMRsudangrass

62.4

55.9*

59.4

59.0*

Drystalk
Malesterile

Photoperiodsensitive
Dwarf
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TDN(%DM)valuesofsorghumsandwhole plantcorn
2015
Forage

Intakesandgrowthfor bred/pregnantheifersfeddietswith or
without sorghumͲsudangrass silage
Contrast (P=)

2016

Multiple

Single

Multiple

Single

Whole plantcorn

65.9

65.8

65.6

67.4

PSforagesorghum

63.8

59.8

63.8

58.3

DMI,kg/d

PSsorghumͲsudan

62.4

56.0

62.2

54.7

NDF,kg/d

5.2

Foragesorghum

65.6

60.8

63.2

59.3

NDF,%ofBW

1.04
6.7
1.11

0.89

Control

ConvͲSS

PhotoͲSS

1

2

10.9

9.3

9.0

<0.01

0.26

5.2

5.0

0.20

0.22

1.04
5.7

1.01
5.4

0.58
<0.01

0.13
0.05

0.94

0.02

0.45

SorghumͲsudan

63.4

57.3

61.6

55.5

TDN,kg/d

BMRforagesorghum

67.3

62.5

67.2

65.0

Daily gain,kg/d

BMRsorghumͲsudan

66.2

62.7

66.2

63.1

PSBMRsudangrass

66.3

62.8

66.0

61.6

Contrast1=ComparisonofControlvs.meanofConvͲSSandPhotoͲSS
Contrast2=ComparisonofConvͲSSandPhotoͲSS

Use of alfalfa stemlage in bred heifer diets

Use of sorghum forages in heifer diets

Su et. al, 2017

• 72 Holstein heifers (16-18 months of age)
•

450 kg average initial weight

•

Blocked by weight (low, medium, high) with 3 pens/block

•

3 treatments
• Control diet – diluted with low quality grass hay
• Conventional Sorghum-sudangrass silage based diet

 11% CP

• Photosensitive Sorghum-sudangrass silage based diet

 65% NDF
 42% TDN

Use of sorghum forages in heifer diets
Ingredients,%ofDM
Chopped grasshay
SorghumͲsudangrass silage
Alfalfasilage

Control

ConvͲSS

PhotoͲSS

26

Ͳ

Ͳ

Ͳ

48

48

56

45

45

Item

Diet
CON

STM

STW

Corn silage

55.6

34.7

29.9

Alfalfa haylage

44.4

33.2

38.8

Alfalfa stemlage

-

32.1

-

Straw

-

-

31.3

Nutrients

Cornsilage

18

5

5

CP, %

13.1

12.6

12.6

NDF, %DM

47.9

55.4

55.2

NDF, %

39.7

46.4

43.7

CP,%DM

14.3

12.8

13.1

ADF, %

27.8

34.8

29.9

TDN,%DM

61.1

61.1

59.3

TDN, %

67.4

60.1

62.7

157

Item
Intakes,kg/d
DM
NDF
TDN
Growth over 56-d trial
BW gain, kg
ADG, kg/d
Heart girth change,
cm
BCS change
Feed:gain, kg/kg

Diet
CON STM STW

SEM

Contrast
1
2

11.3
4.4
7.7

10.3
4.7
6.3

10.4
4.4
6.7

0.16
0.08
0.09

0.01
0.20
<0.01

0.61
0.11
0.03

74
1.32

54
0.96

58
1.04

4.1
0.074

0.02
0.02

0.49
0.49

10.1
0.19
8.6

7.1
0.01
11.0

6.8
-0.01
10.3

1.07
0.07
0.72

0.07
0.09
0.08

0.86
0.95
0.54

Ǩ
ǫ

Conclusions
• Use of NDF to control ad-libitum
intakes has worked
• ~45- 50% NDF; 60% TDN (2.35 Mcal ME/kg)

working for freestall housed heifers

• Energy needs will vary depending on
housing/weather

Conclusions
• Variety of forages/roughages can be
used successfully in heifer diets
• Depends on:
• Soils and climate
• Crop rotation
• Storage capability
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Enogen Corn Silage Research Summary
Randy Shaver, Ph.D., PAS, ACAN
UW-Madison

Enogen Corn Silage
Research Summary

Corn Silage StarchD
• Genetic or transgenic modifications studied
 Comparisons of Flint, Dent, Reduced-Vitreousness Dent, Floury,
Opaque, Waxy Endosperm in Conventional Hybrids (numerous

Randy Shaver, Ph.D., PAS, ACAN

citations but few feeding trials)

 Floury-Leafy Hybrid (Ferraretto et al., 2015, JDS; Morrison et al.,
2014, JDS abstr)

 Floury-BMR Hybrid (Morrison et al., 2016 JDS abstr)
 Ĵ-Amylase expressed in kernel (Hu et al., 2010, JDS; trials in
progress)

High-Amylase Corn Hybrids
• Syngenta
 Enogen Feed Corn (EFC)

• GMO
 Greater kernel amylase as kernel matures

• Developed for ethanol industry
 Conversion of starch to sugars prior to yeast
fermentation

• Recent approval for feeding to livestock

Silage quality study 2016
2016 Field Survey Samples
• Small scale silage samples were collected and
vacuum sealed at harvest
• Allowed to ferment for 60-75 days before analysis
by Rock River Laboratory, Inc, Watertown, WI
• Comprehensive NIR data plus individual sugars,
starch and in situ Starch Digestion by wet chemistry
• Final counts of included samples:
• 165 Enogen samples
• 160 GH/NK non-Enogen samples
• 105 Competitive hybrid samples

Adapted from Joe Lauer, UW Madison Agronomy Dept

.
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Silage quality study 2017
2017 Research Samples1
• Significant yield advantage vs BMR, no amylase trait-related yield penalty
• Significantly more digestible nutrients than non-Enogen Feed corn hybrids

2017 replicated plot trials

8.8

67.5

Total Digestible Nutrients (%)

2017 replicated plot trials

Yield (tons DM / acre)

8.6
8.4

A

A

8.2
8
7.8

B

7.6
7.4
7.2

1- University of MN – Waseca, Pennsylvania State University and JG Ag Services, LLC.

67.0

A

66.5
66.0

AB

65.5

B

65.0

7

64.5

Enogen Feed Silage

Other Corn Silage

BMR Corn Silage

*NRC Dairy ‘89 and ‘01 equations modified to incorporate isSD0, isSD7 and uNDF / NDF kd parameters; Rumen and intestinal
starch digestion predicted with isSD0 and isSD7 parameters

Statistical modeling* shows clustering of Enogen Feed silage samples vs other silage types

5.7

2017

Total Digestible Nutrients / Acre
(tons DM)

2016

2017 replicated plot trials

Enogen
NK / GH
BMR

EFC silage vs non-EFC

5.6

A
A

5.5
5.4
5.3
5.2
5.1

B

5.0

EFC silage vs GH/NK Isolines vs BMR

P < 0.05
Enogen Feed Silage

* 2016 Discriminant analysis via SAS STEPDISC Procedure, 2017 Discriminant
analysis via Multivariate procedure, JMP Pro v13.2.1, (SAS Institute, Cary, NC)

Other Corn Silage

BMR Corn Silage

Source: Syngenta Contract Research

Source: Syngenta Contract Research

• Significantly improved aerobic stability*

In situ starch digestion of fermented silage

50

85

45

80

A

40

% of Starch

35
30
25

75

a

a

70

20
15

B

10
5

A

b

B

65

B

0

B

2017

2016

Enogen Feed Silage

Other Corn Silage

250

140
130

Other Corn Silage

120
110
100
90
80

210
190
170

+ 12% acetate Ǉ

150
130
110

70
60

- 30% ethanol Ǉ

230

Enogen Feed Silage

Axis Title

*Measured time (hours) of aerobic stability
in a standard lab “bucket” test

60

• Significantly improved fermentation product profile

+ 42 hr increase in stability

P < 0.01 for effects of Hybrid and Hour

b

55

2016

150

Concentration (mM)

Small particle starch in fermented silage

Time (hrs) to reach >2°C over ambient*

• No significant differences in starch content in either season
• Significantly more small particle starch (< 50μ) and greater 7-hr in situ ruminal starch digestion

90
Ǉ

Actetate
Ethanol
P < 0.05 for effects of Hybrid and Days of ensiling

• Higher acetate level may act as preservative
• Lower ethanol level means less spoilage by yeasts

Source: Fermentation characteristics and aerobic stability of silage from Enogen® Feed Corn,
2018. A. Baker and J. S. Drouillard, Department of Animal Sciences & Industry, Kansas State University

2017
BMR Corn Silage

P< 0.05 for all comparisons shown

Source: Syngenta Contract Research
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South Dakota Dairy Farm OFF vs. ON Comparison
• 1200 cow dairy farm; free-stall, milking parlor; pen-fed TMR; no BST
• EFC silage produced on-farm in 2016
• Prior to going on EFC silage the farm had been feeding 2015
conventional corn silage

• Began feeding EFC silage 12/9/2016
• Data obtained for the month prior to feeding EFC silage and for
approximately 3 months while feeding EFC silage
• Data collection included: Individual cow daily milk weights, pen-based DMI daily,
and tank milk composition daily

•

Fecal starch and body condition scores monthly on random subsets of cows by
SDSU Extension workers

• Milk yield & feed efficiency were numerically greater during ON period
• Milk composition and body condition scores remained similar over the 4 months
• No negatives reported
Summarized by R.D. Shaver

Dairy transition and lactation study
• Controlled study with 48 multiparous Holstein cows in
individual feeding gates at southeast WI commercial/contract
research dairy farm; trial conducted in 2017
• Silage component of TMR as EFC or isoline (CON) silages
grown in 2016
• Trial initiated ~ 30 days before calving
• Data collected through 90 DIM
• Daily milk yield by cow through parlor electronic system;
components analyzed weekly
• DMI measured daily through automated gate system
• Silage, paired TMR/fecal samples, body weights and
conditions scores, and other data collected at frequent
intervals
• Rations formulated by on-site nutritionist

Dairy transition and lactation study
Lactation performance (1-90 DIM) LS Means*
Post
CON

Post
EFC

DMI, lb/d

62.6

62.6

Milk, lb/d

109.6

112.4

Fat, %
Protein, %

4.11
2.97

4.00
2.99

ECM, lb/d
ECM/DMI

116.3
1.90

117.9
1.92

No statistically significant treatment or interaction effects (P > 0.10)
Summarized by R.D. Shaver
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BMR Corn Silage Economic Evaluator
Professor Randy Shaver, UW Madison Dairy Science Dept.
Dr. John Goeser, Rock River Laboratory, Inc., Cows Agree ConsulƟng LLC, Adjunct Assistant Professor,
UW Madison Dairy Science Dept.
Professor Joe Lauer, UW Madison Agronomy Dept.
Emeritus Professor Bruce Jones, UW Madison Dairy Science Dept.

BMR Corn Silage
Economic Evaluator

Example

Professor Randy Shaver, UW Madison Dairy Science Dept.
Dr. John Goeser, Rock River Laboratory, Inc., Cows Agree Consulting LLC,
Adjunct Assistant Professor, UW Madison Dairy Science Dept.

Professor Joe Lauer, UW Madison Agronomy Dept.
Emeritus Professor Bruce Jones, UW Madison Dairy Science

Dept.

http://corn.agronomy.wisc.edu/Season/DSS.aspx

Determining cost of non-Corn Silage TMR DM, $/lb
Ingredient

Feed rate
(DM)

DM

Feed rate
(AF)

$/ton

Ingr. cost

Corn silage

35

15.0

42.9

$35.00

$0.75

0

Alfalfa silage

40

9.0

22.5

$85.00

$0.96

$0.96

Alfalfa hay

87

2.0

Protein

90

25.0

2.3

Example27.8

$250.00

$0.29

$0.29

$200.00

$2.78

$2.78

MinVit

92

1.0

1.1

$850.00

$0.46

$0.46

Cottonseed

90

3.0

3.3

$350.00

$0.58

$0.58

55.0

99.9

$5.82

$5.07

Sum

Cost/lb TMR
DM
Non corn silage intake

40.0

Example
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$0.106

Non Corn silage cost / lb TMR
DM

$0.127

Major-Impact User-Definable Parameters
•
•
•
•
•
•

Milk Yield & Fat Test Response
Milk Price
Non-Corn Silage TMR DM Cost per lb.
Concentration of Corn Silage in Ration
Yield Drag
Production Cost per Acre
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New Perspectives on Fiber and Starch Digestibility
of Corn Silage
Luiz F. Ferrare o
Assistant Professor of Livestock Nutri on
Department of Animal Sciences
University of Florida
lferrare o@ufl.edu
IntroducƟon

HMC was ensiled for 240 d. These data suggested
that proteases in the silo were responsible for degrading the zein protein matrix surrounding starch
granules in corn kernels. Because the protein matrix
is hydrophobic and represents a physicochemical
barrier to rumen microorganisms, degrada on of
the matrix with prolonged storage was suggested to
improve ruminal starch diges bility (Hoﬀman et al.,
2011). Both, plant and microbial proteases in the silo
are capable of degrading plant proteins to pep des
and free amino acids. The subsequent deamina on
of amino acids by silage microbes results in an accumula on of ammonia-N. Experiments evalua ng
extended storage length in WPCS, earlage, and HMC
consistently reported a gradual increase in ruminal
in vitro or in situ starch diges bility (ivSD or isSD,
respec vely) as fermenta on progressed. Studies
evalua ng these eﬀects are summarized in Table 1.
Briefly, all studies reported a gradual increase as fermenta on progressed.

Whole-plant corn silage (WPCS) is the predominant
forage used in dairy ca le diets worldwide. On average, approximately 120 million tons of fresh corn
forage per year is harvested in the United States.
Besides providing energy for maintenance and
lacta on, coarser WPCS par cles s mulate chewing
and saliva on, rumina on, gut mo lity and health,
regulate feed consump on and are the structural
basis of the ruminal mat, which is crucial for ruminal diges on. Starch and fiber are the main sources
of energy for dairy cows fed corn silage-based diets
and therefore improvements in diges bility of these
nutrients may increase milk produc on or reduce
feed costs through enhanced feed eﬃciency. Greater
diges bility of WPCS fiber and starch is desired for
produc vity, profitability and environmental reasons.
The purpose of this paper is to review selected recent developments and strategies that may influence
the nutri ve value of WPCS.

An increase in N frac ons (i.e. soluble CP and ammonia-N) along with prolonged fermenta on was also
consistent across all studies. Posi ve linear rela onships were observed between ivSD and ammonia-N
or soluble CP in both HMC (Ferrare o et al., 2014)
and WPCS (Ferrare o et al., 2015c). In addi on, Ferrare o et al. (2014) observed nega ve linear relaonships between pH and ammonia-N, soluble CP or
ivSD in HMC samples. These results were not surprising because the two main mechanisms, solubiliza on
and proteolysis, responsible for the disrup on of the
zein-proteins cross-linked to starch granules occur
under acidic condi ons. A study conducted by Junges
et al. (2017) in recons tuted corn grain silage revealed that proteoly c ac vity in the silo was primarily from bacteria (60%), followed by kernel enzymes
(30%), fungi (5%) and fermenta on products (5%).
The con nuous decrease in pH and accumula on in
acids along with fermenta on favors the ac vity of
plant proteases specific to the endosperm of cereal
grains (Simpson, 2001), even though generally the
ac vity of plant proteases is reduced under low pH.
Furthermore, zein-proteins are soluble in ace c and
lac c acids (Lawton, 2002), the two main fermentaon end products of ensiling (Muck, 2010).

Starch digesƟbility
An increase in starch digest may lead to be er nutrient u liza on and decreased feed costs. Starch
diges on in the rumen and small intes ne requires
that starch granules be accessible for microbial or
enzyma c degrada on, but several layers within the
corn kernel impedes the access. Kernels have a hard
coat, the pericarp, which surrounds the endosperm
and is highly resistant to microbial a achment (McAllister et al., 1993) and inhibits diges on of starch;
therefore, the breakdown of the pericarp and correspondent exposure of the starch endosperm must
be the primary objec ve at harvest to maximize
energy availability. In addi on, starch accessibility is
dependent upon the intricate starch-protein matrices
surrounding starch granules (Kotarski et al., 1992).
Storage length
Recently, prolonged storage has been featured an important tool to op mize starch diges bility in starchy
feeds. Hoﬀman et al. (2011) observed a decrease in
zein protein concentra ons, as well as an increase in
concentra ons of soluble CP and ammonia-N, when
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Despite CP not being a major nutrient in corn silage
(usually within 5 to 9% of DM), increases in soluble
CP and ammonia-N with prolonged storage was
suggested to have poten al implica ons in dietary
formula on (Gerlach et al., 2018). To our knowledge,
there are no published studies evalua ng the eﬀects
of length of storage on lacta on performance. However, if using the comparison between unfermented
vs. fermented corn grain (i.e. dry ground corn vs.
HMC, respec vely) as a proxy for storage length
eﬀects, proteolysis of N frac ons should not be of
concern.
A poten al use of length of storage as a management
prac ce would be to mi gate the nega ve eﬀects
of factors well-known to impair starch diges bility,
such as maturity at harvest and hybrid endosperm
type. Increases in WPCS ammonia-N and soluble-CP
contents were accompanied by increases in ivSD in
response to increased me of ensiling. The eﬀects
of ensiling me and exogenous protease addi on
on fermenta on profile, N frac ons and ivSD
in WPCS of various hybrids, maturi es and chop
lengths were evaluated by Ferrare o et al. (2015a).
Extended me in storage increased ammonia-N,
soluble CP and ivSD in WPCS of various hybrids,
maturi es and chop lengths. However, extended fermenta on did not a enuate the nega ve eﬀects of
kernel vitreousness and maturity at harvest on ivSD.
Exogenous protease a enuated but did not overcome nega ve eﬀects of maturity on WPCS ivSD. A
similar approach was used to evaluate the eﬀects of
prolonged storage in earlage harvested at either ½ of
the kernel milk line or black layer stage (Ferrare o et
al., 2016b; Ferrare o et al., 2018). Both studies highlighted that ivSD increases along with length of storage. However, diﬀerences in ivSD between maturi es
remained even a er 240 days of fermenta on.
In summary, research supports the use of inventory
planning so a newly harvested crop would be fed only
a er four months in storage. Although prolonged
storage of corn silage would be a valid management
prac ce, several factors should be taken into considera on when implemen ng this prac ce. Prolonged
storage requires proper silo management during
filling, packing and covering to ensure beneficial fermenta on pa erns. Furthermore, storing silage for a
longer period requires that more silage be harvested
ini ally which, in turn, demands addi onal cropland
and storage infrastructure (i.e. silos) on the farm.

level. Disrup on of the starch-protein matrix during
ensiling may dissociate starch granules and thereby
reduce mean par cle size of kernels; smaller par cles
are more diges ble. Ferrare o et al. (2015b) conducted two studies to evaluate the eﬀect of ensiling
and prolonged storage on CSPS. The first experiment
reported a 10 percentage units greater corn silage
processing score (CSPS) for silage fermented for 30
days compared with unfermented material (60.1%
vs. 50.2%, respec vely). These data suggest that
the breakdown of zein proteins during fermentaon (Hoﬀman et al., 2011) results in dissocia on of
starch granules and thereby reduces kernels par cle
size (measured as CSPS). The second experiment was
designed to elucidate the eﬀects of extended storage
on CSPS of WPCS. A gradual increase in CSPS from
0 to 240 d of fermenta on was observed, similarly
to what commonly happens to starch diges bility,
ammonia-N and soluble CP. These findings highlight
the poten al eﬀects of extended fermenta on not
only in chemical but also physical characteris cs of
kernels. Interes ngly, however, the extent of increase
in CSPS in the second experiment was of lower
magnitude than in the first experiment. Perhaps
the magnitude of the change in CSPS as fermentaon progresses is dependent upon the ini al values
of unfermented samples or other factors and more
research is warranted.
Based on these findings, we hypothesized that ensiling would enhance CSPS to a greater extent in poorly
(< 50% of starch passing through 4.75 mm sieve)
compared with adequate or op mally (> 50% or 70%
of starch passing through 4.75 mm sieve, respecvely) processed silage. Thus, we designed a study
to elucidate the eﬀect of ensiling on CSPS of poorly
processed silage (Agarussi et al., 2018); samples from
eleven corn silage hybrids were ensiled for 0 or 120
d. Contrary to our hypothesis, CSPS was unaﬀected
by ensiling and averaged 28.8% of starch passing
through the 4.75 mm sieve. Further research is warranted across a wide range of CSPS values to elucidate under which condi ons ensiling enhances this
parameter.
It is crucial to highlight that prolonged storage length
will not replace adequate processing at harvest. With
the current available informa on, the best op on
may be to target for 60-65% CSPS entering the silo to
have an op mal CSPS a er fermenta on.
Fiber digesƟbility

Corn silage processing score
Although the breakdown of zein proteins allows for
great exposure of starch granules to microbial fermenta on and enzyma c diges on, perhaps a secondary eﬀect may exacerbate this response at farm

Lignin is the key obstacle to fiber diges on as it obstructs the enzyme access to the diges ble fiber fracons, cellulose and hemicellulose. In addi on, rumen
microorganisms cannot breakdown lignin. Due to its
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importance to animal performance, this associa on
between lignin and other fibrous frac ons (i.e. cellulose and hemicellulose) is considered in many diet
formula on models. This undigested or indiges ble
NDF frac on is es mated using either lignin or quanfied as the propor on of NDF remaining a er in
vitro or in situ ruminal incuba ons (i.e. 240 h uNDF).
Thus, the reduc on of lignin or indiges ble NDF fracons in forages improves fiber diges bility.

these responses, we calculated the eﬀect of increasing chop height from 6 to 24 inches, these results
are reported in Table 2. Briefly, we used Ferrare o
et al. (2017) 6 inches treatments as baseline and
simulated what the response would be for 24 inches.
Overall, responses were similar to the observed. Our
next goal is to validate these equa ons. Perhaps in
the future these equa ons could be used in team
discussions among farmers, nutri onists and crop
consultants to determine individual farm priori es
for maximum yield versus higher quality prior to the
establishment of new chop height guidelines.

Storage length
Although allowing an extended storage may be
beneficial for increasing starch diges bility, research
does not support the same fate for NDF diges bility.
Overall, data from several sites across the U.S. demonstrate that extended storage does not change or
slightly reduces NDF diges bility in corn silage (Kung
et al., 2018). In addi on, a recent study by Gerlach
et al. (2018) evaluated in vitro gas produc on of the
NDF frac on in WPCS stored from 0 to 120 d. Fiber
diges bility was unaﬀected by prolonged storage.

Plant populaƟon
Plant popula on could be used to increase yield per
area without compromising nutri ve value of WPCS.
Thus, the combina on of greater plant popula on
with increased chop height could be of interest to
maintain yield while increasing silage of WPCS. In
our study (Ferrare o et al., 2017), we compared 2
chop heights (6 vs. 24 inches) and 4 plant popula ons
(26,000, 32,000, 38,000 and 44,000 plants per acre).
This experiment was conducted in Wisconsin. As
aforemen oned, increased chop height improved the
nutri ve value of whole-plant corn forage at the expense of yield. In contrast, plant popula on aﬀected
yield but not quality of whole-plant corn forage. No
interac ons were observed. However, eﬀects of plant
popula on may be aﬀected by loca on and season.
Diepersloot et al. (2019) aimed to evaluate the eﬀect
of plant popula on on yield, nutrient composi on
and ruminal in vitro NDF diges bility at 30 of wholeplant corn forage grown in Florida during the summer
of 2016 and spring of 2017. Plant popula on eﬀects
on nutrient composi on were inconsistent across
seasons. In the spring, increasing plant popula on
increase DM yield. However, DM yield of the summer
crop was not aﬀected by plant popula on.

Chop height
A harves ng management op on to reduce lignin concentra on is chop height. With enhanced
chop height more lignin is le with the por on that
remains in the field, and thus, diges bility of the
harvested material is greater. Results from a recent
industry-university collabora ve study from our
group is in Table 2 (Ferrare o et al., 2017). Although
our study compared 6 vs. 24 inches, these results are
similar to other trials comparing 6 vs. 18 inches of
chop height. Briefly, DM yield is reduced as the rowcrop head is raised. This is consistent across several
studies conducted across the United States. However,
decreased DM yields are oﬀset by an increase in the
milk per ton es mates at the higher chop height.
Greater milk es mate is a response to the greater
fiber diges bility and starch concentra on of the
harvested material. In addi on, most studies reported that es mated milk per acre is reduced by only 1
to 3% with high-chop. Also, increased quan es of
high-chop silage could be included in the diet, rather
than corn grain being added to the diet, providing an
economic benefit to implemen ng increased chop
heights.
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