NC2042: MANAGEMENT SYSTEMS TO IMPROVE ECONOMIC AND
ENVIRONMENTAL SUSTAINABILITY OF DAIRY ENTERPRISES.
5 Year Final Report (2013-2018)

OBJECTIVE 1: Optimize calf and heifer performance through increased understanding of
feeding strategies, management systems, well-being, productivity and environmental
impact for productivity and profitability.

Accomplishments: Raising replacement heifers represents a significant investment for
producers in time and resources. It is not until the start of lactation that any return on investment
is received. Thus, it is critical to the success of the dairy industry that efficiencies be improved
and advancements continued to be made in calf and heifer management. Research was conducted
with newborn calves through gravid pre-fresh heifers, much of which is utilized by producers
and stakeholders to improve performance of growing dairy cattle.

Short-term Outcomes: Guidelines and recommendations were delivered to farms relative to
colostrum management for calves as well as improving heifer performance through alternative
feeds and feed additives. Adoption of these practices contributed to reduced costs of raising
replacement heifers and improved nutrient utilization, health, and well-being of dairy calves and
heifers.

Outputs:

e More than 50 peer-reviewed publications on calf and heifer management and nutrition.

o More than 30 theses and dissertations produced.

e More than 40 extension articles or deliverables and more than 20 producer workshops or
presentation were given.

e One patent application was submitted on a methodology to evaluate calf body
composition.

e Models and programs were developed to assist stakeholders with evaluation of heifer
ration formulations, growth performance, and colostrum quality.

Activities:

e Colostrum management: Research at 3 collaborating stations (NC, NH, PA) has
evaluated effects of: transition cow nutrition on colostrum quality, colostrum
management on calf performance, and disease transfer.

e Water quality for calves: Research at 3 stations (MI, SD, NH) evaluated effects of water
quality and treatments on palatability and calf performance.

e Feed additives: Research at 5 stations (MN, MS, NH, PA, and SD) has evaluated the
effects of cinnamaldehyde, condensed whey solubles, prebiotics and probiotics, sodium
butyrate on growth, development, and nutrient utilization of calves and heifers.

e Alternative Ingredients: Three stations (MN, PA, SC and SD) have evaluated alternative
protein sources (plasma, wheat, vegetable proteins, and soy) for calf milk replacer and
starters. Effects of alternative concentrate ingredients (distillers grains, oilseed meals,
hydroponic barley sprouts, urea, casein, and poultry fat) on heifer growth performance,
nutrient utilization, metabolic profile and onset of puberty. Three stations (PA, SD and
WI) have evaluated different forage sources (seasonal grass, corn stalks, alfalfa stems,
and sorghum silages) on heifer performance and nutrient utilization.



e Feeding strategies: Work at PA, SC, and SD evaluated precision feeding versus
traditional ad libitum strategies for heifers.

e Growth performance effects on lactation: Two meta-analysis (PA and MN) have
evaluated pre-weaning dry matter intakes on first lactation performance.

Milestones:
e Adoption of precision feeding of dairy heifers by producers as a method to increase
growth efficiency.
e Improvement of colostrum management programs on dairy farms across the US.
e Increased utilization of distillers’ grains and other alternative feeds by dairy nutritionists
and producers.

Impacts and Activities:

e More than 30 graduate students were trained in calf and heifer management and are now
active professionals in the dairy industry.

e More than 40 extension articles or deliverables and more than 20 producer workshops or
presentation were given and help to educate hundreds of producers.

e Two review articles have been generated and over that last 5 years more than 100 peer-
reviewed articles have published related to Objective 1.

e Models and programs were developed to assist stakeholders with evaluation of heifer
ration formulations, growth performance, and colostrum quality which are helping with
better management of calves and heifers.

Milestones: Long-term impacts: Producers and the dairy industry have benefited from healthier
calves and heifers. Due to improved colostrum management, enhanced feeding strategies, and
alternative treatment of diseases, research from this project will result in recommendations to
producers that will result in healthier calves and heifers. This research has increased economic
well-being of dairy farmers. Healthy and productive heifers are critical for success of the dairy
industry. Also, rearing calves and heifers is one of the largest expenses in dairy farming. Best
management practices that increase production performance, reduce operative expenses, or both
will ensure the economic well-being for dairy producers.

Indicators:
e More than 30 graduate students were trained in calf and heifer management and are now
active professionals in the dairy industry.
e More than 40 extension articles or deliverables and more than 20 producer workshops or
presentation were given and help to educate hundreds of producers.
e Review articles focused on heifer growth and development have reached national and
international audiences with more than 100 views in SCOPUS.

OBJECTIVE 2: Improve dairy cow management decisions through nutrient utilization,
well-being and profitability.

Accomplishments: Overall research under objective 2 has provided, and continues to provide,
producers and nutritionists ways to advance and make better decisions in the nutritional
management of dairy herds.

Short-term Outcomes: Work conducted during the five-year period has resulted in:



* Improved nutritional management of transition cows that has translated to approaches to
improve animal health, increase milk yield, and improve reproductive performance in
dairy herds (NY and IL)

¢ Identification of metabolic indicators and assessment approaches for hypocalcemia with
subsequently improved overall detection and management on farms (NY)

¢ Developed and utilized in vitro methods to evaluate forages and byproducts to determine
digestibility, methane emissions and microbial protein synthesis. (NH, MN and SC)

e Evaluated multiple byproducts to improve milk production and nutrient utilization (NE,
SD and WI)

¢ Determined that cows fed canola meal-based diets produced more milk than cows fed
soybean meal-based diets, whereas protein concentration of the diet did not affect milk
production in early lactation (WI)

e Evaluated individual fatty acids and fatty acid profiles and their effects on milk
production and nutrient utilization in lactating dairy cows (CA, IN and MN)

e Utilizing in vitro and in vivo methods to ameliorate milk fat depression through dietary
manipulations (SC)

e Alternative forages such as alkaline-treated corn stover and brown-mid rib sudangrass
can be included in lactating dairy cow diets, but result in reduced intake at higher
inclusion levels which limits performance.

¢ Dairy farms have increased adoption of automated milking systems and precision
technology exceeding 1,000,000 cows in the United States (K'Y, MN and WI)

¢ Shifting organic dairy cow rations to more forage-based and grass-based diets have
provided consumers with nutritionally improved dairy products that could potentially
reduce the risk of cardiovascular and other metabolic disease by over 25% (NH and MN)

Outputs: Work conducted under Objective 2 has resulted in peer-reviewed journal papers and
review articles, conference proceedings, extension publications, and popular press (CA, ID, IN,
IL, KY, M1, MN, MO, MS, NC, NE, NH, NY, OH, PA, SC, SD, VA and WI)
e Over 50 Successful Extension Field Days that showcase successful precision technology
uses on farms.
e Over 500,000 unique visits a year to Extension Dairy websites that provide information
on organic and grazing production systems and precision technology.
¢ 10+ National webinars in collaboration with eXtension.

Activities: New knowledge and understanding has been gained by the participating stations
using a combination of scientific approaches, ranging from in vitro and in vivo methodologies in
laboratory and research farm-based settings as well as collaborative approaches with commercial
dairy farms. Collaborative efforts by MN, KY, and WI have evaluated cow sensor technologies
and automated milking systems to improve cow and heifer productivity and well-being.

Milestones: Farmers have started to adopt precision technologies to aid in reproductive and
health monitoring of cows. Research related to adoption of precision technology has resulted in
improved labor efficiency by 10% on farm, as well as improved fertility for dairy cows. Better
characterization of byproducts and non-traditional forages and how they can best be incorporated
into dairy cattle diets.



Impacts: Research has ranged from improvements in forage management and quality,
alternative protein and energy sources, to increased understanding of laboratory methods to
evaluate nutrient utilization. It also represents advancements in the nutritional management of
lactating cows in both organic and conventional dairy farming systems from different regions of
the country. As lactating cows represent the largest sector of the dairy industry and feed cost is a
large part of the overall farm budget, this research is also critical to the future success of dairy
producers.

Activities: An International Precision Dairy Conference was started with over 200 participants
from 6 countries (KY, MN)

Milestones: Increased milk production, reduced feed costs, improved milk quality, improved
nutrient utilization in the animal, improved feed efficiency, improved well-being and animal
health, reduced impact of animal agriculture on the environment will be promoted through the
publication and dissemination of results of scientific trials.
¢ Inclusion of canola meal as an alternative protein source in diets for dairy cattle resulted
in increased milk yield of nearly 10 lbs/day, representing a potential increase in gross
revenue for the U.S. dairy industry of more than $5 billion.
e Use of nutritional strategies offers the opportunity to decrease hypocalcemia by more
than 50%, improving cow health, milk production, and reproductive performance.
¢ [ong term impacts related to precision technology on dairy farms has the potential to
improve labor efficiency by 20%.

Indicators: Adoption of new byproducts and alternative forages by dairy producers in order to
increase ration formulation flexibility. Increased adoption of precision agriculture related to dairy
production has improved labor efficiency.

OBJECTIVE 3: To evaluate system components and integration of information into
decision-support tools and whole farm analyses to improve efficiency, control variation,
and enhance profitability, and environmental sustainability.

Accomplishments:
Short-term Outcomes:
e A large number of farmers were reached by the decision support tools. For example, the
number of users of the DairyMGT.info tools exceeded 3,000/year.
® Information disseminated through extension channels reached managers of more than
300,000 cows in different states.
e Participants learned new skills during extension meetings and using curricula we
developed. We verified that their knowledge gained was significant and surpassed 20%.

Outputs: Defined products (tangible or intangible) that are delivered by a research project.
Examples of outputs are reports, data, information, observations, publications, and patent
e More than 50 decision support tools (developed and/or updated)
e More than 10 extension curricula including educational multimedia videos
e More than 60 Extension publications including fact sheets, newsletters, popular press
articles, magazine articles, bulletins, abstracts and proceedings, etc.
e More than 40 research abstracts and proceedings and more than 30 peer reviewed
extension and research articles



e A data warehouse located in that collects, stores, and processes most dairy farm streams
in a selected number of farms in WI

Activities: In a collaborative effort among ID, MS, NC, NE, and VA, educational extension
workshops about holistic management and risk assessment in dairy enterprise have been
delivered to dairy farmers, dairy consultants, extension educators, and financial lenders. These
workshops are interactive, with short presentations and hands-on exercises using spreadsheets
with real examples.

We have developed and deployed a vast number of decision-support tools for practical use at the
farm level and for teaching applications. Research on decision support tools has been conducted
by ID, MN, VA, and WI. These tools covered almost all areas of decision-making and
management in dairy farming, including price risk management; profitability and IOFC;
precision dairy farming and robotic milking systems; modernization and expansion; dairy
business analysis; herd structure and replacement needs, reproductive assessments; mastitis and
health management; genetic management; genomic decision-making; grouping strategies for
feeding lactating dairy cattle; and characteristics of organic, grazing, and small conventional
dairy farms; and other general management tools such as the use of rbST, milking frequency,
feed supplements, and accelerated calf feeding systems. Other educational materials to help
farmers and other stakeholders from the dairy industry to improve their management skills were
developed.

Several educational curricula including videos (English and Spanish) have been produced in
collaboration between VA and ID under the scope of labor management. The videos include
trainings related to adequate silo face management using low-technology equipment, newborn
calf management, management of compost-bedded pack barns, determining harvesting time for
ensiling forages, using winter (cover) crops as feed ingredients for dairy cattle, and preventing
silage-related injuries and fatalities among farm workers.

Milestones:
e Decision support tools have been developed, tested, verified, and are readily available for
use and application on dairy farms within our extension endeavors
¢ Technology transfer activities have reached the target populations
® A new set of curricula and videos have been developed and are readily available for
continued knowledge transfer

Impacts:

® Facilitated the decision-making of 1,500 dairy farm managers towards improved
profitability who used and applied the decision support tools deployed as part of this
project

e Managers of 100,000 cows improved dairy farm process control based on information
disseminated through our extension channels

e 30,000 stakeholders used educational videos that improved learning skills of employees
in dairy farm management
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