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Alberta/Canadian Perspective
- Implementation of RFI
- Barriers to adoption

Relationship to methane emissions and manure 
production

Development of a GHG offset protocol: Selection 
for low RFI in beef cattle

Implementation of RFI & association  between
RFI and GHG emissions in beef cattle



i) Trait is well defined (rp and rg):

Growth rate (Arthur et al. 2001; Crews et al. 2003),

Body size(Jensen et al. 1992, Arthur et al. 2001),

Feed intake(Herd et al. 2002; Basarab et al. 2003),

FCR (Arthur et al. 2001; Basarab et al. 2003),

Carcass traits(Richardson et al. 2001; Basarab et al. 2003),

Body composition(Richardson et al. 2001; Basarab et al. 2003),

Heat production (Basarab et al. 2003; Nkrumah et al. 2006, 2007),

Feeding behaviours(Basarab et al. 2003; Nhrumah et al. 2007),

Methane production (Nkrumah et al. 2006, 2007; Hegarty et al. 2007),

Net energy required for maintenance(Nkrumah et al. 2006, 2007)



Selection for low RFI will:

Have no effect on growth, body size or 
slaughter weight

Reduce feed intake

Improve feed to gain ratio by 10-15%

Reduce net energy required for maintenance

Reduce methane production by 20-30%

Have no effect on carcass yield & quality grade



Cow that produced efficient calves (low RFI) were:

- fatter throughout their lifetime,
- consumed less feed,
- equal in pregnancy, calving and weaning rates,
- produced calves of equal weaning weight,
- produced the same weight of calf weaned per cow 

exposed to breeding,
BUT
- calved 5-6 days later in the year (1st calvers only)

(Basarab et al. 2007; Arthur et al. 2005)

- low RFI heifers were slightly delayed in age at 
puberty, and become pregnant later in the 
breeding season than high RFI heifers.

Selection for low RFI will:



ii) Capacity

GrowSafe testing facilities in Alberta

Location       Purpose        No. of     Annual
nodes          cap.

Lacombe      Research           16            224
Kinsella Research           20           280
Lethbridge Research           36           504
Cattleland Commercial      40           560
Namaka Commercial      28           392
Olds              Commercial      10           140
Morrison       Commercial      29           406

Total annual capacity=2,700 hd, moving to 3,700 in 2009.

iii) Cost - $1/hd/day or $70/hd tested



- Measured over a 70 to 112 day test period
- One feed analysis for DM and energy content
- Measure ultrasound BF/REA at least at end of test 
- Measure as kg DM/day
- Standardized to 10 MJ ME/ kg DM
- RFI-P and RFI-F considered as two different traits 
- Centralized database (purebred, hybrid; EBVs)
- Animals tested for RFI linked to Canadian Cattle 

Identification Agency (CCIA) 

iv) Standardization
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Cattle tested for RFI in Alberta using the GrowSafe System

OMAF/BIO-1988-2002 ~3000 bulls tested (system from Holland); 
Univ. of Guelph: 2003 & 2004=48 bulls/yr then 65/yr; 2005=65 repl. heifers/yr



Complexity of automatic feed intake systems
robust, min. maint./repair (2-4%), min. labour, real-time monitoring

Lack of accurate on-farm and on-pasture systems
low RFI cattle also efficient on pasture (Herd et al 2004)

Practical limitations (health, mgmt of centralized tested)

Barriers to adoption



Minimal use of AI (hard to recoup value of superior genetics)

High cost of identifying superior RFI animals
$300AUD; $150AUD; $70-85CAD

Long term investment required for economic return
4-5 yr general interval; only test 10-20% of best; early screening methods 

(physiological (IGF-1; IR) and genetic markers

Barriers to adoption



27 of 306 steers selected as (-) low, medium and (+) high RFI

Fed at 2.5 times their estimated NRC(1996) maintenance 
requirement (corn or barley based diets)

Two 16-h measurements at 3-day intervals for each steer

Data collected:
� Heat production, CO2 and CH4 production
� Manure production, urine nitrogen production
� DM, protein and energy digestibility
� Energy partitioning
� Analysis of orts composition 

Empirical measurement of methane in 
LOW and HIGH RFI steers (Nkrumah et al. 2006)



Steers in Respiratory Calorimetry Hoods



RFI, kg DM/day                  1.25     -1.18      <0.001
Metabolic BW                      89.0                  93.8    0.48
ADG, kg/day                        1.46                  1.48   0.39
DMI, kg/day                        11.62                 9.62   0.01        17.2%

Fecal DM, g/kg DMI           272                   234         0.24        
Urine, g/kg MWT                 56.3                  45.5      0.25         
Urine N, g/kg DMI               8.60                  7.13      0.19         
CH4, L/day                            152.2                120.1   0.04        21.1%
CH4, % of GEI                     4.28                   3.19      0.04        25.5%

HIGH                 LOW     
RFI                      RFI 

Sign.
level

Trait

Relationship of feedlot RFI with fecal DM, urine 
and methane production in steers fed at 2.5x NEm.

LOW RFI: ME higher, HP lower, RE higher (kcal/kg MWT)



MEI = RE + HP
HP = NEm + HIF

In LOW RFI:
MEI =  RE +   HP 

HP =   NEm +   HIF

Lower NEm
-lower visceral organ wt
(40-50% of daily HP)

-protein turnover
-ion pumping
-protein leakage

Increased apparent
digestability
-ruminal retention time
-feeding behavior
-saliva production

Mechanisms, independent of intake, are related to metabolizability and 
animal variation in NEm, HIF & host mediated methanogenesis

Increased HIF at higher levels 
of DMI (Ferrell and Jenkins 1998)



BackgroundBackground

� Climate Change and Emissions Management 
Amendment Act – AB Environment, July 1, 2007

� Requires companies emitting > than 100,000 T of 
CO2e y-1 to reduce emission intensities by 12 % 
annually  

� If companies unable to meet requirements, for each 

T CO2e not met, they can:
i. pay $15 into a technology fund, or 
ii. purchase carbon offsets in the Alberta market. 



Alberta Offset EligibilityAlberta Offset Eligibility
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BASELINE vs. PROJECT  

- 100 cows; 4 low RFI bulls (avg. EBV=-0.5 kg DM/day)
- 86% calf crop weaned; 43 steers; 23 heifer; 20 repl. Heifer
- slaughtered at 18 months of age
- monitored for 3 years from bull purchase

- Diet composition was determined for each category of beef cattle
- CowBytes used to formulate diet 
- DMI at the desired ADG was predicted using CowBytes

Assumed: thermal neutral environmental conditions, 
average mid-point weight & 
days on each diet



Baseline (RFI EBV=0) vs. Project (RFI EBV=-0.5)

1: CH4 from enteric fermentation, kg/hd/period

Total Volatile Solids Excreted, kg/hd/day
2: CH4 from manure handling, storage & land app, kg/hd/period

Nitrogen excreted, kg/hd/day
3: Direct manure N2O, kg/hd/period
4. Direct manure storage N2O, kg/hd/period
5. Indirect volatilization N2O, kg/hd/period (NH3 & NOx)
6. Indirect manure leaching N2O, kg/hd/period

Conversion of CH4 to CO2e = x 21
Conversion of N20 to CO2e = x 310
Adjusted for carcass weight (kg CO2e/kg carcass beef)
Based on IPCC 2006



CH4 EF
CH4 manure handling

N2O manure direct
N2O diect manure storage

N2O volatilization
N2O leaching
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Comparative Greenhouse Gas emissions from selecting 
for low RFI (EBV of 0 vs. -0.5 kg DM/day) in beef cattle

GHG emissions of 4 bulls, slaughter steers & slaughter heifers and replacement heifers; 3 years from bull purchase

Baseline   EBV=0.0, 372.6 t CO2e
Project    EBV=-0.5, 348.3 t CO2e

$  243 CAN @ $10/t CO2e
$2150 CAN in feed savings



So What:

Missed opportunity in:

• Feed savings ($50-100 million annually)
• Selling improved seedstock
• Becoming more competitive 
• Discovering early detection tools (e.g., genetic 

markers)
• Becoming better environmental stewards
• Carbon credits (~$2.40/cow bred over 3 years)


