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Introduction 

Dairy farming is a globally important industry and a cornerstone of the Canadian agricultural 

sector, generating $8.88B in net farm cash receipts and contributing $20B to the GDP in 2024 

(AAFC, 2025). Due to its scale and visibility, the sector is routinely scrutinized for animal welfare 

and health, as well as its environmental impact. Over the years, several Canadian initiatives have 

worked to advance the dairy sector by increasing production while maintaining herd health and 

welfare and mitigating environmental impacts. Growing concerns about global warming have 

motivated the industry to develop solutions to reduce greenhouse gas (GHG) emissions, 

particularly methane (CH4), with a warming potential 28 times that of CO2 (Djoukouo, 2021). 

Cattle enteric CH4 emissions account for ~62% of all livestock enterically derived CH4 emissions 

(Worku, 2024), and an individual Holstein cow emits on average 500 grams/day of CH4 (de 

Oliveira et al., 2024). The Net-Zero Dairy Genome Project (NDGP) was established to develop a 

roadmap for CH4 reduction by integrating nutrition, genetics, and management, primarily for dairy, 

with potential applicability to beef. 

NDGP comprises six coordinated activities. Activity 1 aims to quantify the impact of GHG 

mitigation strategies from genetic, nutritional, and management sources using new and historical 

datasets. Activity 2 aims to develop genetic and genomic tools to enhance genetic evaluations and 

to record enteric GHG emissions on several commercial dairy farms. Activity 3 aims to reduce 

CH4 emissions through nutritional strategies, considering possible contributions from the animal’s 

microbiome and genotype-by-environment interactions. Activity 4 aims to improve sequence data 

management and analysis through the development of pipelines targeting animals with extreme 

phenotypes. Activity 5 aims to evaluate the mitigation potential of each area and identify gaps to 

increase adoption and the likelihood of success. Finally, Activity 6 translates outputs into practical 

tools and services to enable rapid industry uptake. Collectively, this project targets at least a 55% 

reduction in GHG emissions, with 30-40% from nutrition and up to 30% from genomic strategies. 

This reduction potential can be achieved without significantly impacting the animal’s other 
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biological functions and will reflect an estimated ~$338 million in carbon equivalent savings and 

an additional $100M in annual net savings from correlated genetic gain. 

 

Materials & Methods 

NDGP draws on datasets from the Efficient Dairy Genome Project (EDGP), the Resilient Dairy 

Genome Project (RDGP; van Staaveren et al., 2024), as well as others, and is complemented by 

new on-farm measurements of enteric emissions. Methane emission records are being collected 

using GreenFeed units (C-Lock, USA) and MooLogger sniffers (Tecnosens, Italy) across Canada, 

with 4 GreenFeed systems located in Quebec (2), Alberta (1), and Ontario (1), and 49 MooLoggers 

(Quebec: 25, Alberta: 10, Ontario: 14). All participating herds have genotypes and complete 

pedigree information to support genetic evaluation analyses. The consolidated database (December 

22nd, 2016 - July 17th, 2025 update) integrates historical and newly collected data and includes 

more than 36,000 phenotypic records for directly measured CH4 emissions, 17,000 genotyped 

animals, and 91,000 animals with pedigree. 

 

Activity 1. To quantify the impacts of CH4 emission mitigation at the animal and herd/farm level, 

25 publications with data-driven CH4 prediction models (and one mechanistic model) were 

identified and reviewed for possible herd level upscaling. Publications were selected based on 

included information on feed intake, diet composition, and animal type (dairy only) that coincided 

with measured or calculable data within the NDGP database. Data-driven models use animal-

specific information (e.g., body weight, milk yield, feed intake, and diet composition) to estimate 

CH4 production. Mechanistic models additionally incorporate complex biological pathways (e.g., 

volatile fatty acid composition and nutrient absorbability) with combined hydrogen gas 

calculations to estimate CH4 production. The models were evaluated using the NDGP dataset, 

which includes primiparous Holsteins measured at the Ontario Dairy Research Centre (Elora, 

Ontario, Canada) with a single GreenFeed system. This data will be used as a reference population 

for both nutritional and genetic model development. Additional models that measure the mitigation 

impact within the whole farm system (Life Cycle Analysis, LCA) are also being investigated. An 

animal-level prediction model that accounts for individual nutrition and animal genetics interaction 

will later be incorporated into the LCA framework accounting for additional management effects. 

 

Activity 2. Using consolidated NDGP data, genetic analyses are underway for traits across ages. 

Relationships among Milk-Infrared (MIR) predicted methane efficiency (ME), methane 

production (MP), dry matter intake (DMI), feed efficiency (FE), and phenotypic methane 

production (pMP) are being investigated. Ongoing work also evaluates links between CH4 

emissions and adaptation traits (e.g., heat stress). Genetic correlations among FE, DMI, milk urea 

nitrogen (as a proxy for nitrogen efficiency), and CH4 emissions are being studied. 

 

Activity 3. Prediction models for CH4 production are being developed and validated. To expedite 

and facilitate modelling, a data pipeline to standardize and process all spectral data and generate 

CH4 production phenotypes is almost complete. Screening across 3,800 Quebec herds enabled 

initial classification and recruitment of 100 farms for study; a subset (n = 35, including 14 sniffer 

herds) is being used to build GHG assessments and economic simulations of management changes. 

To evaluate the potential impacts of feed additives on CH4 production, a replicated 4×4 Latin 

square trial (four fistulated and twelve non‑fistulated lactating cows) tested linseed dosage and dry 

extrusion for ruminal fat protection. A basal diet for all treatments was used as follows: grass-
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legume silage, corn silage, corn grain, soybean meal, and vitamin/mineral supplement, which 

served as a total mixed ration (TMR) for all cows. Treatments were broken into four levels: 15% 

fat extruded linseed-pea, 21% fat extruded linseed-pea, 28% fat extruded linseed-pea, and 28% 

fat-extruded linseed pea + linseed oil. All cows were measured for several parameters, including 

dry matter intake (DMI), body weight (BW), ruminal fluid content analysis for fistulated cows, 

digestibility assessment using urine/fecal samples, milk production and composition, and CH4 

emission. Ear punch samples were collected from all cows for genotyping. 

 

Activity 4. Automated pipelines were created for long-read sequence submissions to the Bovine 

Long Read Consortium (BovineLRC), including FASTQ files, quality filtering, alignment, variant 

detection, and an Excel quality control summary. Initial submissions were reprocessed, and 

long‑read sequences for 10 additional animals (University of Guelph) were incorporated. 

 

Activity 5. Economic weights for a GHG index were estimated and published by Lactanet Canada 

in April 2025. In parallel, a survey was launched to assess perceived product value for milk 

produced with reduced emissions. 

 

Activity 6. Cross‑activity coordination ensures that adoption and data‑collection considerations 

inform GHG modelling and gene-flow analyses. Profit function models are being examined to 

determine the economic value of emission reduction traits under alternative scenarios (e.g., carbon 

markets, interest rate effects, and incentive schemes). 

 

Results & Discussion 
Results are preliminary as the project is ongoing. Table 1 summarizes record counts and animal 

numbers available in the NDGP database. 

Table 1. Number of records and cows in the NDGP database as of June 17th, 2025. 

Trait Number of records Number of cows 

Milk kg (test-day) 1,346,256 21,035 

Fat kg (test-day) 602,822 20,075 

Protein kg (test-day) 603,000 20,075 

Dry Matter Intake (daily or weekly) 1,743,538 19,847 

Body Weight (weekly or monthly) 1,231,756 18,551 

Methane Production (daily or weekly) 36,880 5,192 

Milk-Infrared (MIR) (test-day) 188,986 4,338 

 

Empirical models from the literature were recalibrated to the NDGP population database, and 

whole farm modelling frameworks are being assembled to integrate nutrition, genetics and 

management. The nutrition model will estimate the mean emission expected for a group under 

similar conditions, and the genetic model will predict the individual animal deviation from that 

mean. Gene-flow modelling is being performed to estimate the impact of genetics on emissions at 

the cow, herd, and industry levels. 

Heritabilities and genetic correlations for the new traits of interest (such as feed efficiency, CH4 

efficiency, rumination time, and heat tolerance) will be incorporated into the Centre for the Genetic 

Improvement of Livestock Shiny app database portal (https://cgil.shinyapps.io/portal/) to support 

transparency and knowledge transfer. 

https://cgil.shinyapps.io/portal/
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Early predictive models estimated approximately 450 g CH4/cow/day, which is consistent with 

literature values (Fresco et al., 2022; Vanlierde et al., 2018). The initial 3,800 herds were predicted 

for their herd CH4 emissions, and those interested in joining the next step of the project were 

selected. A neural network approach is being explored for robust herd-level emission predictions. 

A first visualization of continuous CH4 monitoring has been shared with participating sniffer 

farms, reporting CH4 intensity (g CH4/kg fat- and protein-corrected milk). Inclusion of non-

productive animals (e.g., dry cows) is underway to provide a whole farm representation. 

The sequencing pipeline has been finalized and applied to initial submissions to the BovineLRC, 

with long-read sequences for 10 new animals added.  

The GHG Index developed and published by Lactanet Canada in April 2025 made Canada the first 

country to include a direct CH4 trait into a national dairy selection index. Ongoing coordination is 

aligning data collection with modelling needs to ensure adoption parameters are reflected in input 

assumptions. 

 

Conclusions 

The NDGP aims to deliver a coordinated roadmap for bovine GHG management that links reliable 

phenotyping, genetic and nutritional modelling, long‑read genomics, and adoption‑focused 

economics. As tools are being developed and enhanced, the project will equip producers, industry 

stakeholders, and policy makers to implement climate‑smart breeding and management with 

measurable progress toward net‑zero. 
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