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Abstract: Enteric methane, manure and feed production related greenhouse gas (GHG) are the three 

major sources of emissions from dairy production systems. Although most of the potential mitigation 

strategies focused on enteric emissions, but recent studies indicated the tradeoffs between enteric, 

manure and feed production related emissions. Thus, we assessed four different diets with varying 

levels (low vs. high) and sources (alfalfa silage vs. corn silage) of forage fiber under two major dairy 

breed scenarios (Holstein & Jersey) using a series of in-vivo studies and holistic life cycle assessment 

(LCA) to capture tradeoffs and interactions. Our first study investigated the effects of diets and 

breeds on enteric emissions, animal performances and nutrient utilization efficiency. Our second 

study investigated the carry-over effects of diets and breeds on manure ammonia and GHG emissions 

before and after soil applications. Our third study investigated the carry-over effects of diets and 

breeds on farm-gate carbon footprint (CF). Finally, we used the LCA techniques to evaluate 3-

nitrooxypropanol (3-NOP) and nitrate on farmgate milk CF across various regions of the United 

States and to determine the variability of CF. At animal level, breed did not affect digestive and 

metabolic efficiencies. In contrast, methane and urinary energy (% gross energy intake) were lower 

for corn silage than alfalfa silage-fed cows; and compared to high, low forage fiber diets reduced 

loss of urinary N (g/d and % N intake). Neither breed nor dietary treatments affected enteric methane 

intensity (g/kg fat-protein corrected milk). Compared to high, low forage-fed cows tended to emit 51 

to 72% (depending on mode of expressions) greater combined (storage plus field) GHG emissions 

which were not affected by cow breed and forage source. Compared to high, low forage fed cows 

emitted less ammonia expressed as per cow, per kg manure or percentage of manure N. Although, 

forage source did not affect ammonia emissions, cow breed did impact ammonia emissions expressed 

per cow being 17% greater for Holstein than Jersey. Low forage-fed cows had 11% greater CF than 

high forage-fed cows mainly due to inclusion of highly digestible soyhulls in greater amount in low-

forage than high-forage diets. On contrary, both forage sources and cow breeds (Holstein and Jersey) 

had similar CF. When we evaluated feed additive based mitigation strategies using LCA approach, 

the overall milk CF for the baseline (no supplementation), nitrate, and 3-NOP scenarios were 1.14, 

1.09 (4.8% reduction), and 1.01 (12% reduction) kg of CO2-equivalents (CO2-eq)/kg of fat-and-

protein corrected milk (FPCM) across US regions. The uncertainty analysis showed that CF values 

ranged widely (0.88–1.52 and 0.56–1.84 kg of CO2-eq/kg of FPCM within 1 and 2 standard 

deviations, respectively), suggesting the importance of site-specific estimates of CF. Considering 

that 101 billion kilograms of milk was produced by the US dairy industry in 2020, the potential net 

reductions of GHG from the baseline 117 billion kilograms of CO2-eq were 5.6 and 13.9 billion 

kilograms of CO2-eq for the nitrate and 3-NOP scenarios, respectively. We concluded that GHG 

mitigation strategies (choice of cow breed or diet or feed additive) need to be evaluated holistically 

using measurements specific to the production system under consideration since evaluations at the 

whole-farm scale led to different results than when completed at the animal scale. 

    


