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~ 75% of GHG
emissions
occur on the
farm



Dairy Industry Has Significantly Decreased Resource
Demand per Billion Pounds of Milk Produced Since 1944

2007 as %

Milking cows 188,250 42,500 23.6%
All cows, heifers, & bulls 423,000 91,500 21.6%
Feed (t) 8.39 mil 1.86 mil 22.3%
Land (ac) 1.87 mil 0.18 mil 9.7%
Manure (t) 9.32 mil 2.48 mil 26.6%
Water* (gal) 1.28 bil 0.45 bil 35.2%
Methane (t) 60,000 26,750 44.5%

* Note: Water estimate does not include sanitation use
Source: Adapted from Capper et al. (2008) ADSA-ASAS Annual Meeting



Capper and Cady, 2020



Predicted CH, emissions per kg of milk versus
milk yield
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kg CH,/Kg milk =-0.0003 x milk yield (kg/d) + 0.03
(R2=0.89; RMSE = 0.0005 kg CH,/ kg milk.



Strategies that improve milk/cow, decrease cow numbers,
or increase feed efficiency will reduce impact

Forage quality

More precise diet formulation

lonophores (monensin)

Milking frequency

Reproductive efficiency

rbST

Transition cow (peripartum) management
Reduced age at first calving

Genetic selection



CNCPS 6.55 output

1585 |b Holstein cow

110 DIM

~ 105 Ib milk, 3.6% fat, 3.1% protein
62 Ibs DMI

15.1% CP

0.36% P

Van Amburgh et al., CU Animal Science



Feed Additives for Enteric Methane Reduction

lonophores (Monensin)
— Variable reductions (up to 25%)

Essential oils/botanicals
— Mixed results — 10% maybe
— Agolin (tradename)
— Mootral (tradename)
Lipids
— ~3.8% reduction per 1% increase
in lipid addition
3NOP (3 nitrooxypropanol)

— 30% reduction with 40-80 mg/kg
DMI

Microalgae (Asparagopsis
taxiformis)

— 95% methane reduction with 5%
inclusion rate

— In vitro work

(Roque et al., 2019, Animal
Microbiome)



Monensin (Rumensin)

Increased feed efficiency by 3 to 5%
— Increased milk output with slightly less DMI

Can reduce methane output by up to 20%
— Van Nevel and Demeyer, 1996

— Effects on methanogens and on capture of carbon as
propionate vs. acetate

Variabllity of response?
Currently available and widely fed in the US



3-nitrooxypropanol (SNOP)

e Feed additive

* Direct inhibitor of methane production
— Inhibits last enzyme in methanogenesis
— Potent — inclusion rate < 2 grams/day

 Recelved production scale evaluation



Hristov et al., 2015. Proceedings National Academy of
Sciences. 112:10663-10668.



Effects of 3ANOP on performance of Holstein cows

ltem Control Low Med High SEM Cyvs L Q
3NOP 3NOP 3NOP TRT

DMI, kg/d 28.0 28.0 27.7 27.5 0.45 0.58 0.38 0.69
Milk, kg/d 46.1 46.4 45.9 43.6 1.21 0.59 0.21 0.19
Fat, % 4.08 3.98 4.02 4.25 0.12 0.98 0.43 0.15
TP, % 3.06 3.14 3.12 3.13 0.03 0.07 0.14 0.31
BW, kg 664 672 672 664 5 0.38 0.83 0.13
BW change, 0.21 0.35 0.45 0.33 0.07 0.05 0.09 0.16
kg/d

Hristov et al., 2015. Proceedings National Academy of
Sciences. 112:10663-10668.



What about seaweed et al???



Machado et al., 2014. PLoS ONE



Vijn et al., 2020. Frontiers Vet Sci doi: 10.3389/fvets.2020.597430



“Use of seaweeds for enteric methane mitigation in a
commercial setting is still largely untested. Several in vivo
studies have evaluated the effects of a specific seaweed,

Asparagopsis sp., on methane emissions and productivity of
sheep, beef and dairy cows. However, it is unclear whether the
observed effects are repeatable in the long-term and across
different production systems.”

Vijn et al., 2020. Frontiers Vet Sci doi: 10.3389/fvets.2020.597430



The Ruminant Farm Systems Model

Examples of Questions
RuFaS will address:

What is RuFaS?
e A next-generation,

adaptable, whole-farm
dairy systems simulation
model that:

— flexibly represents the
diversity of management
practices on US dairy farm

— Implements modern
modular coding standards
to enhance interoperability
with other programs and
Increase model use

How does herd nutrition affect nutrient fate in crop
uptake, crop nutritional quality, and soil health?

How does genetic selection and/or breed choice
impact whole farm nutrient efficiency? Productivity?
GHG emissions?

Does reduction in enteric methane shift emissions
to manure or soil?

How does sequential linking of manure processing
technologies influence GHG emissions, energy and
nutrient recovery, and value of processed manure
outputs for soil amendments?

How do crop system choices affect whole farm
nutrient efficiency? Soil health? Long term
productivity?

Reed et al., CU Animal Science



Reed et al., CU Animal Science



Thanks!!

tro2@cornell.edu
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