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I ntroduction

Greenhouse gas (GHG) mitigation has become a major topic of discussion at international,
national and local levels, with strategies being developed to reduce emissions or enhance
biological carbon sequestration. The Kyoto Protocol, an international agreement ratified by
Canada, was implemented to reduce global GHG emissions, and Canada agreed to reduce its
GHG emissions by 6 percent below its 1990 levels. The possibility of man made rel eases of
GHG' s possibly contributing to climate change has been the key driver in the push to reduce
greenhouse gas emissions and sequester carbon, with many people, including prominent
scientists and world leaders concerned about the potential changes to the environment. This
concern about greenhouse gases has resulted in a variety of research projects targeted towards
mitigating emissions from all sectors.

Current research in some areas indicates that improving the production process by making it
more efficient not only reduces greenhouse gas emissions but improves the economics because
there isless waste products. From a business perspective more efficient use of inputs improves
the economic situation and happensto result in few greenhouse gas emissions.

Traditional agricultural production techniques are being researched to improve their impacts on
GHG emissions and soil stored carbon. Some of these production techniques improve the
efficiency of the farm and could be implemented for economic reasons as well as the potential
for GHG reductions. Much of thisinformation is still in the research stage, and as such has not
been made available to the farmers and ranchers responsible for making decisions at the farm
level.

While many of the agricultural GHG reduction options proposed by researchers have little
immediate application to cattle production from grazed pastures, afew basic concepts offer
potential. Most grazing systems have low inputs and the cattle require little attention, which
poses a challenge for reducing GHG emissions. Practical GHG reduction will depend on
improvements in animal and dietary management, selection of individual animals having low
emissions/unit feed eaten and feed supplements designed to reduce GHG emissions, as well as
the ability of the pastures to sequester carbon dioxide from the atmosphere and store the carbon
in the plants and soils.

The Canadian Cattlemen’ s Association recognizes there may be value in making this GHG
emissions information available to cattle producers. This project is designed to pull together the
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relevant GHG emissions science for the beef cattle industry, in particular, that related to grazing
management strategies, and including the impacts on cattle production.

The scope of the research includes:
e scientific knowledge regarding the level and/or reduction of enteric fermentation GHG
emissions from beef cattle in grazing situations;
e scientific understanding of potential soil carbon sequestration enhancement under various
grazing management strategies, as well as shifts from cropland to grazing land.

Research is currently being conducted to reduce GHG emissions from cattle in grazing situations
aswell as on the ability of pasturesto sequester carbon. A significant challenge exists for people
trying to use the research to improve their own operations as the research isin different stages of
development. For this project, several research areas will be addressed that could assist ranchers
in reducing the GHG emissions from their grazing cattle as well as offer potential to increase
profit. Research on GHG emissions from cattle isin various stages of development for
conditionsin Canada. This paper will highlight these stages and some of the existing knowledge

gaps.
Current GHG Emissions

The greenhouse gases associated with agriculture include carbon dioxide (CO,), methane (CH,)
and nitrous oxide (N2O). These GHGs come from a variety of sources within agriculture and
differ in global warming potential. Agricultural emissions accounted for 62 Mt or 8.4% of total
2003 GHG emissions for Canada, with N,O accounting for 58% of the emissions and CH, for
42% in 2003 (Environment Canada, 2005). CO2 isavery small amount, usually under 1%.
These emissions were produced by enteric fermentation by domestic animals, manure
management, fertilizer application, and crop production.

Emissions from agriculture are from main categories:

o Livestock-related emissions due to enteric fermentation from domestic animals and
manure management, accounting for 49% of total agriculture GHG emissions in 2003.

« Soil management and cropping practices contribute N,O emissions due to fertilizer
application and legume and non-leguminous crop production, accounting for 51% of total
agriculture GHG emissions in 2003.

Canada has over 4.8 million hectares of tame or seeded pasture and over 15.3 million hectares of
natural pasture, with alarge portion used by beef cattle (Ominski and Wittenberg, 2006).
Through appropriate soil management crop lands, pastures and grasslands have the potential to
sequester carbon dioxide from the atmosphere and trap the carbon in plant material and the soil.
Canada' s pastures are considered a large terrestrial carbon sink (Baron et al., 2006). Older long
term pastures tend to sequester carbon dioxide at relatively low rates, however through
appropriate management and the conversion of cropland to grassland these rates can be
increased.

Figure 1 provides a breakdown of the GHG emissions from the four key agricultural sources for
the time period 1990 to 2003.
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FIGURE 1. GHG Emissionsfrom Agricultural Sources, 1990-2003
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Source: Environment Canada 2005.

Enteric Fermentation

Cattle and other ruminant animals have a unique ability to digest plant materials, such as grass
and straw that have high contents of cellulose (Ominski and Wittenberg, 2006). This plant
material is digested by the micro-organisms such as bacteria, protozoa and fungi that are found in
the rumen. The anaerobic digestion by the micro-organisms, also known as enteric fermentation,
resultsin the production of CH4which the animal belches into the atmosphere. Feeds highin
fibre, such as straw, result in the production of more methane than forages of 1ow fibre content,
such as fresh green grass and afalfa. The addition of grains, such as corn, barley or wheat, to the
diet will reduce CH4emissions further. An imbalance in the nutrient content of the feed eaten,
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such as ashortfal in the amount of protein or mineral, will also increase the amount of CH4
produced. For these reasons, cattle fed in afeedlot usually emit less CH4than grazing cattle
because they consume a substantial amount of grain and the ration is formulated to meet the
animal’ s requirements for nutrients. Environment Canada estimates that enteric fermentation
from agricultural livestock represents approximately 1120 kt of methane (CHy,) or the equivalent
of 22,420 kt of carbon dioxide (CO,) per year, with beef cattle making up the largest component
at 18,600kt of CO, (Environment Canada, 2005).

The Intergovernmental Panel on Climate Change (IPCC) has provided a protocol for countries to
estimate greenhouse gas emissions. The IPCC uses two approaches for dealing with enteric
emissions from livestock, Tier 1 estimates and Tier 2 estimates (BTWG, 2005). Tier 1 estimates
use default values for CHaemission for different livestock classes. Total emission of CH4from
that class of animalsis then predicted from national inventories of animal numbersin each class.
Canada uses Tier 2 estimates, which include more animal classes and cal culations based on
methane emissions as a proportion of gross energy intake. Table 1 provides the CH, emissions
from beef cattle categorized by class of animal.

Table1—-Enteric Fermentation Emission Factors

Class Emission, kg/animal/yr
IPCC, Tier 2
Bulls 94
Cows 90
Beef heifers 75
Heifersfor slaughter 63
Steers 56
Calves 40

Source: Environment Canada, 2005

The Beef Technical Working Group (BTWG)* outlined several research projects that have been
undertaken to determine the actual CH, emissions from beef cattle. Three of the research
projects reviewed by the BTWG were conducted in Canada testing different pasture types,
stocking rates and grazing practices. These actual emissions were compared to the Tier 1 and
Tier 2 estimates from IPCC. The results of the research projects are shownin Table 2. In all
cases, the Tier 1 estimates were considerably lower than the actual emissions, and the Tier 2
estimates tended to underestimate the emissions from most situations. Part of the differences can
be accounted for due to the fact the IPCC estimates were based on a combination of feedlot cattle
and grazing cattle, while the studies included just grazing cattle. Grazing animals emit more
methane on an animal and per-animal-weight basi s than feedlot animals.

1 The BTWG was formed by the National Offset Quantification team, to deliver a quantification protocol to reduce
GHG emissions based on beef feeding strategies, such as ration balancing, feed additives and selecting for feed
efficiency.
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All three of the studies used the same technique for measuring methane emissions, the SFg tracer
gas method. A capsule with a known amount of SFg gas is inserted into the rumen and
measuring equipment is placed around the animal’ s head to determine the concentration ratio of
SFs to CH4 emitted from the mouth of the animal. The amount of CH,4 emitted will be directly
proportional to the amount of SFg emitted. Unfortunately this method does not account for CH4
produced from flatulence, so values where hind-gut emission of methane was not measured
directly were increased by 3% to correct for any methane that would have been emitted through
flatulence (BTWG, 2005). A concern with the SFs method isthat it only measures individual
animals, and CH,4 emissions can vary between animals. To measure emissions from larger
number of livestock require techniques such as integrated horizontal flux and open-path laser
spectrometry. These noninterference techniques tend to provided more realistic emissions
associated with livestock activity and grazing/feeding patterns, but may require the SF6 tracer
method for verification (Derner et al., 2005).

Table 2 - Actual vs Predicted Enteric Emission of M ethane (g/head/day) by Beef Cattle fed
Pasture.

| Actual IPCC, Tier 1 IPCC, Tier 2
Boadi et al., 2002
Pasture only 230.2 128.8 217.0
Pasture + Barley 245.6 128.8 252.2
Early 190.0 128.8 258.3
Mid 269.9 128.8 198.3
Late 253.9 128.8 246.9
McCaughey et al., 1997
Graz.man.- Stock. Rate
Rot graz-Hi SR 195.6 128.8 285.6
Rot graz-LoSR 207.8 128.8 255.8
Cont. graz-HiSR 179.6 128.8 255.3
Cont. graz-LoSR 2274 128.8 253.8
McCaughey et al. , 1999
Pasture
Alfalfa/grass 2717.2 197.3 225.1
Grass only 304.8 197.3 192.5

Boadi et al., 2002. Angus beef steers (344.6 kg) grazed alegume/grass pasture and were either
unsupplemented or supplemented with barley (2 or 4 kg/hd./day) during the grazing season. Intakes and
methane emissions, using the SF6 method, were sampled on the steers 3 times during the grazing season.

McCaughey et al., 1997. Crossbred yearling steers (356 kg) grazed 60% alfalfa, 40% grass pastures and
managed by rotational or continuous stocking at each of high and low stocking rates (2 x 2 factoria
design). Methane emissions measured using the SF6 method.

McCaughey et al., 1999. Hereford x Simmental lactating heifers (511.2 kg) grazed alfalfa/meadow
brome or meadow brome only pastures. M ethane emissions measured using the SF6 method.

Source: BTWG, 2005
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Pasture Sequestration of Carbon Dioxide

Carbon sequestration is aresult of plants taking carbon dioxide from the atmosphere and using it
for plant growth. The carbon sequestration potential of soils comes from increasing soil organic
matter. The below ground organic carbon storage is usually more than twice above-ground
storage. Grasslands contribute huge quantities of soil organic matter over time, mostly in the
form of roots, and much of this organic matter can remain in the soil for long periods.

Estimating potential carbon sequestration is more difficult for pastures than for cultivated
croplands. Pastures tend to have awide diversity in plant communities, soils and landscapes.
Pasture ecosystem responses are complex, because management practices may induce shiftsin
plant communities that may, over time, exert secondary effects on the rate of carbon
sequestration and the overall carbon storage ability (Schuman et al., 2002). Grazing impacts the
ability of pastures to sequester carbon and these impacts differ in different ecosystems. Grazing
in the short-grass community resulted in 24 percent more total ecosystem carbon; in contrast,
total carbon storage in grazed mid- and tallgrass communities was about 8 percent lower
compared to ungrazed sites (Derner et al., 2006).

Moulin et al. (2002) concluded that pasture management has the potential to store carbon in soil
particularly when used in combination with fertilizer management on degraded soils or luvisols
initially low in soil organic carbon. The researchers also determined that soils high in organic
carbon have less potential for carbon sequestration. Currently, long-term carbon sequestration
responses to management have not been studied as extensively in rangelands as in cultivated
systems, and only afew management scenarios under selected conditions have been documented.

GHG Emission Reducing Practices

A variety of organizations have made recommendations for best management practices that
would reduce greenhouse emissions from cattle. The Federal and Provincial governments,
conservation and farm organizations as well as a host of other groups have suggestions for
management practices that will reduce GHG emissions associated with cattle. Some of the
practices are based on quantitative science for the Canadian region, while others do not have the
samerigor. To understand which recommendations have value for emission reductions, it is
necessary to review the science of greenhouse gas emissions.

In 2003, Alberta Agriculture and Rural Development with the University of Alberta assessed the
current status of GHG emissions science (AARD, et. a., 2003). Thisresearch highlighted the
current knowledge on GHG emissions as well as some of the important knowledge gaps. The
following summaries were adapted from the Alberta Agriculture and Rural Development and the
University of Alberta study highlighting the known GHG mitigation practices for cattle and
pasture management:
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Summary of Known Factors Influencing Greenhouse Gas Emissions from Cattle
Production:

e Methane emissions are influenced by species, animal type within
species, weight, composition of diet, location, time of year, days
on feed, productivity level and age.

e Beef cows emit more CHsthan beef calves.

e Management for increased production efficiency reduces GHG
production per unit production.

e Feed testing and ration balancing lead to reduced GHG emissions
in livestock production systems.

e Cattle on forage-based diets produce more CHa4than cattle on
grain-based diets. Feeding higher-quality forages reduces CHa
production from cattle.

Summary of Known Factors Influencing Greenhouse Gas Emissions from Pasture
| Grazing Management:

e Soilswill sequester carbon if net primary production exceeds soil
respiration.

e Converting annual cropland to perennial forage decreases net GHG
emissions by sequestering more carbon. Perennial grasses
sequester more carbon than annual crops because of their fibrous
root system. Perennial grasses store more soil carbon than
perennia legumes.

e Nitrogen application rates based on soil nitrogen testing and grass
requirement reduce N2O emissions and increase carbon
sequestration.

e Overgrazing exposes soil, creating conditions similar to fallow,
therefore increasing soil carbon mineralization.

e Managed pasture (rotational grazing, fertility management,
stocking rates, and residual biomass) resultsin lower total net
GHG emissions than unmanaged pasture.

Source: (AARD, €. a., 2003).

Three key areas of focus offer potential to reduce greenhouse gas emissions of methane and
nitrous oxide:
o Cattle feed and genetics
e Grazing management
o0 Typesof plants
0 Rotational grazing
o Fertilization of pasture
e Conversion of marginal crop land to pasture

These three areas will be the focus of the scientific review of recommended practices to reduce
GHG emissions from grazing cattle.
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Review of GHG Emissions Science

A variety of research projects have lead to some form of beneficial management practice for
reducing GHG emissionsin cattle and other livestock. For the purpose of this paper however,
the research review will be restricted to the three key areas for grazing cattle.

Cattle Feed and Genetics

Feed efficiency isasignificant component of the unit cost of beef cattle production, with a 5%
improvement having an economic impact four times greater than a 5% improvement in average
daily gain (Basarab, 2004). Two ways to improve feed efficiency are to use higher quality feed
and to have animals that can use feed more efficiently.

Research has been conducted on the feed efficiency or residual feed intake (RFI) of beef cattle,
suggesting that animals with low RFI grew as rapidly as animals with high RFI but consumed
less feed and produced few GHG emissions. Residua feed intake (RFI) is the difference
between the actual and expected feed intake of an animal based on its body weight and growth
rate over a specified period. The individual animal RFI can vary significantly above and below
that expected or predicted on the basis of size and growth rate. Selecting animals with lower RFI
measured post-weaning will lead to a decrease in feed intake by young cattle and by cows, with
no compromise in growth performance or increase in cow size (Herd et al., 2003).

One research project reported that methane emission in alow RFI selected line of cattle was 28
and 24% less than for a high or medium selected line, respectively (Nkrumah et al., 2006).
Another study found that second generation beef cattle selected for low RFI grew as rapidly as
comparable animals selected for high RFI but produced 15% less methane and consumed 15%
lessfeed (Herd et al., 2003). In both of these studies however, the test animals were in feedlot
conditions and not grazing.

Genetic improvements in beef cattle would be expected to reduce enteric methane emission,
particularly if the emission is expressed per unit live weight. Selecting animals for low RFI
improves the feed efficiency in the off-spring relative to animals with ahigh RFI. Animals with
ahigh rate of gain and not high feed efficiency will not be effective in reducing methane
emissions of cattle (BTWG, 2005). Further research is needed to examine these genetic
relationships and to find ways for cost-effective identification of superior cattle. Rancherswould
benefit from selecting animals with low residual feed intake as input cost will decrease and
emissions of GHG would decrease as well.

Another animal specific area for improvement that reduces GHG emissions is reproductive rates.
A research study in Ireland suggested that maximizing dairy herd survivability would reduce the
proportion of replacement stock in the herd and should lower methane emissions significantly
(Berry et a., 2003). The study pointed out that the ability to breed animals that survive longer is
of economic, welfare and environmental importance, and that with improved survival, the age
structure of the herd is altered towards more mature animals that are expected to have higher
yields. A United Kingdom study suggested that restoring fertility to greater levels seen in 1995
compared to the present (2003-4) would reduce methane emitted by between 10 and 11% and
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that further improvementsin fertility could reduce methane emissions by up to 24%
(Garnsworthy, 2004). While these studies are based on dairy cows and in different climatic
regions of the world, the ideas behind them are transferable.

A study in Canadafor predicting methane emission of cow-calf herds was developed from
information on feed consumption and predicted methane emission from cows, bulls, replacement
heifers and calves in Canada using IPCC (Tier 2) conversion values (BTWG, 2005). For the
analysis, a 17% replacement rate was assumed with reproductive rates set to vary from 80 to
90%. Reproductive rate was defined as the cows pregnant at the time calves are weaned in the
fall and expressed as a percentage of the calves that were exposed to the bull during summer
breeding. Similar reproductive rates among virgin heifers and mature cows and a cow:bull ratio
of 25:1 were also assumed. As the reproductive rate varied from 90 to 80%, methane emissions
per kg cow marketed decreased from 1012 to 938 g but it increased from 653 to 802 g per kg calf
marketed. As expected, culling open cows at the time of pregnancy checking in the fall
decreased methane emissions relative to delayed culling of open cows until the following spring.
Total methane emission from aranch with 100 cows and an 80% reproductive rate was 11.78
and 11.08 tonnes when culling in the spring and fall, respectively. Corresponding ranch methane
emissions for a 90% reproductive rate were 11.47 and 10.77 tonnes. Table 3 shows the results
from the project.

Table 3 - Effect of Reproductive Rate and Culling Date on M ethane Emission (g) from the
Beef Herd.

Culling Spring Fall

Date:

Reproductive | Per kg cow | Per kg cow | Per kg caf | Per kgcow | Per kg cow | Per kg calf

Rate % & calf marketed marketed & calf marketed marketed
marketed marketed

90 396.8 1011.8 652.8 372.5 949.7 612.8

89 400.1 1004.4 665.1 375.6 942.9 624.3

88 403.5 997.0 677.8 378.8 936.1 636.4

87 406.9 989.6 691.1 382.1 929.2 648.9

86 410.4 982.1 704.9 385.4 922.3 662.0

85 413.9 974.6 719.3 388.7 9154 675.6

84 417.4 967.1 734.4 392.1 908.4 689.8

83 421.0 959.5 750.1 395.5 9014 704.7

82 424.6 951.9 766.6 399.0 894.4 720.3

81 428.3 944.3 783.8 402.5 887.4 736.6

80 432.0 936.7 801.9 406.0 880.3 753.7

Adapted from BTWG, 2005
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The type of feed cattle consume aso impacts the rumen methane emissions. Feedlot cattle tend
to release fewer methane emissions per animal than grazing cattle because grains can be digested
easier and more efficiently. A variety of studies have been documented by the Beef Technical
Working Group that reduce methane emissions from cattle, such has: enteric microbes; enteric
methanogens; dietary supplements, such as fats and oils; and other additives affecting rumen
microbes (BTWG, 2005). For the purpose of this paper, only supplements associated with
grazing animals were reviewed. Most of the feed supplements either do not work in a grazing
environment or are very expensive making them not practical.

Boadi et al. studied the effects of grain supplementation on methane production of grazing steers
in 2002. The study concluded that the effects of grain supplementation on methane production
was marginal in grazing steers, and suggested that pasture quality plays amajor role in the extent
to which methane production can be reduced with grain supplementation in grazing animals
(Boadi et al., 2002). The study also compared methane emissions based on the pasture quality.
This was determined by comparing early season pasture with mid season and late season
conditions. Methane production declined with grazing on high-quality forages; steers on the
early pastures had 44% and 29% |lower energy loss as methane than animals on mid and late
pastures, respectively. There was also a 54% lower CH4 emission when animals entered new
paddocks relative to those exiting the paddocks.

Thereis considerable variation in Canada among the levels of management and feeding found in
beef cattle production on farms and ranches (BTWG, 2005). To determine the impact on
methane emissions from all of these practicesis not practical because some do not have an
impact on methane emissions, while others might have an impact but are not currently
measurable or predictable. Caution and careful judgment must be used to assess al the effects of
level of management and feeding on methane output accurately (BTWG, 2005)

Grazing Management

Grazing management offers potential to reduce GHG emissions by providing cattle with quality
forage, aswell as the ability to sequester carbon from the atmosphere. Key goals of range
management are to maintain (Alberta Government, 2005):

e adiversity of native plant species, especialy deep-rooted and productive forms
e vigorous healthy plants with well developed root systems
e adequate vegetative cover to protect soils from erosion and to conserve scarce moisture

These goals contribute to healthy rangeland and increase the potential for carbon sequestration
and feed efficiency of the cattle. Range management principles are applied to maintain or foster
healthy productive rangeland. These include (Alberta Government, 2005):

e baancing livestock demands with the available forage supply; the rancher harvests forage
to produce red meat but |eaves adequate ungrazed residue to protect plants and soil;

e promoting even livestock distribution by using tools like fencing, salt placement and
water development to spread the grazing "load" over the landscape;
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e avoiding grazing rangeland during vulnerable periods; early spring grazing can stress
range plants when energy reserves are depleted as new growth isinitiated;

e providing effective rest periods after grazing to allow range plants to recover from the
stresses of grazing.

To determine the impacts of improving pastures, a study was conducted on the effects of forage
type and fertilization on yield and quality of dryland pastures on the Canadian prairies (Kopp et
al., 2003). The studied pastures contained either meadow bromegrass or a mix of afalfaand
meadow bromegrass that were either unfertilized or fertilized. Incorporating the alfalfainto grass
pastures improved carrying capacity by 28% and met the nutritional requirements of |actating
beef cows at no additional cost. The fertilization of meadow bromegrass pastures improved the
carrying capacity by 64% and met the nutrient requirements of lactating beef cows. Incorporating
afafawith fertilization improved carrying capacity of pasture by 57% and met the nutrient
requirements of lactating beef cows. Kopp et al. concluded that incorporating alfalfa and
fertilizing or just fertilizing the meadow bromegrass pasture included significant financial risk as
they were only cost-effective strategies when precipitation was not limiting. The only treatment
that did not have financial risk and was always a cost-effective treatment was the incorporation
of the alfalfainto the meadow bromgrass.

Chaves et a. (un-dated), concluded that methane production by grazing beef heifers was
significantly affected by pasture type, depending on pasture site, an observation that likely isa
reflection of differencesin forage maturity and pasture composition. One of the observations
was that as forage stands matured, their feed value decreased and methane emissions increased.
Pasture composition also impacts methane emissions and cattle performance. In a presentation
by Iwaasa (2006) at the Saskatchewan Beef Symposium, research indicated that newly
established native grass pasture sequestered 2.12 mg/carbon/hain just 4 years. Comparing two
different native species mixes, a“simple” mix and a*“complex” mix, Iwaasa found that, although
dry matter production was greatest on the “simple” mix site, animal performance was greatest
when grazing the “complex” mix.

Efforts to reduce GHG emissions from manure have resulted in research on composting manure
piles. Most studies have only looked at the potential GHG emissions reduction from composting
as opposed to using raw manure. Research results have indicated that composting manure does
result in reduced GHG emissions, particularly for methane emissions and that stockpiling
resulted in 1.46 times more GHG emissions than composting (Pattey et al., 2005). Butler et al.
(undated) applied dairy manure compost to tall wheatgrass and determined the compost was
beneficial.

Several prairie researchers have found that forage quality can influence the amount of methane
emitted per unit of animal productivity or unit live weight gain. Manitoba researchers have found
that when pastures are managed to ensure forage quality is high, methane production per unit
basis of beef production can be reduced as much as 20% compared to poor quality forage
(McCaughey, 1999). The study found methane output was only 7.1 % of GE as opposed to 9.5%
with mixed afalfa/grass pastures as opposed to grass only pastures. The chemical composition of
pasture types and sampling periods differed resulting in different diets for the cows. The dry
matter intake was greater for cows grazing alfalfa—grass pastures than for cows grazing grass-
only pastures. However, methane production was greater for cows grazing afalfa-grass pastures
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than for cows grazing grass-only pastures. The result was the energy lost through belching of
methane was less for cows grazing alfalfa—grass pastures than it was for cows grazing grass-only
pastures. Many of the reasons for differences in methane output of different forages would relate
to chemicals such as tannins and saponins found in different forages (BTWG, 2005).

Another study compared the stocking rate and rotational or continuous grazing. Crossbred
yearling steers grazed 60% alfalfa, 40% grass pastures and were managed by rotational or
continuous grazing at each of heavily-stocked and lightly stocked rates (McCaughey, 1997).

M ethane emissions were measured using the SF6 tracer gas method. The continuously grazed,
heavily stocked pasture resulted in lowest methane emissions per animal at 174.4 g/hd/day, while
the highest emissions per animal were 220.8 g/hd/day from the continuously grazed, lightly
stocked pasture. Methane production per hectare, was calculated as 523.6 litres/ha/day for the
continuously grazed heavily-stocked rate site vs. 331.6 litres/ha/day for the continuously grazed,
lightly stocked pasture. However, when methane production measurements were compared on a
kilogram of body weight basis, no differences were found between grazing treatments.

While some grazing studies have focused on the ability of high quality pasturesto reduce
methane emissions from the cattle, other studies have examined the potential of the pasture to
sequester carbon from the atmosphere.

Three experiments were conducted between 2003 and 2005 in central and southern
Saskatchewan to determine GHG emissions and soil carbon as affected by factors such as
landscape element, grazing and shrub invasion (Bai et a., 2005). The areas studied include the
Mixed Grassland and Moist Mixed Grassland Ecoregions within the Prairie Ecozone. The study
concluded that grazing did not significantly affect soil organic carbon and root biomass, even
though soil organic carbon tended to be lower at the grazed sites than the ungrazed. Soil carbon
was controlled more by soil texture than by shrub cover or grazing, with loamy soils having
greater potential for soil organic carbon than sandy soils. GHG emissions from native grasslands
are relative small compared to other vegetations. Changes in vegetation from grassland to
shrubland increased above-ground biomass but not soil organic carbon. The study summarized
that current management practices aiming at sustainability and integrity of grassland ecosystems
should be maintained, since properly managed mixed-grass Prairie has a well-balanced nutrient
cycle that includes various GHGs. The grassland ecosystem plays arole in the dynamic flow of
GHG's by retaining carbon that would be released to the atmosphere with poor grazing
management or the conversion to arable agriculture.

A current study investigating the effects of livestock grazing management on the Shortgrass
Steppe and COz2 exchange concluded that changes in plant community due to species shifts under
moderately and heavily—grazed pastures can alter the seasonal sequestration of carbon (Morgan,
2005). The study also suggested that recommended grazing practices do not notably alter the
seasonal carbon exchange when compared to ungrazed pastures. The study noted that while the
Shortgrass Steppe may be resilient in the long-term to grazing, in the short-term, livestock
removal or reductions in stocking rate may be important for maintaining a positive carbon
balance in the face of drought.
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Light to moderate grazing on both mixed grass and short grass resulted in aricher diversity of
plant species than when grazing is excluded (Reeder et al. 2001). Ungrazed pasturesresult in
weedy annual forbs and grass that do not have dense root systems, which are conducive to
carbon sequestration. Heavy grazing tends to decrease plant species diversity. Grazing alight to
moderate stocking rates resulted in stable, diverse plant communities dominated by forage
grasses with dense, fibrous rooting systems that promote soil organic formation and carbon
sequestration in the soil.

Lynch et a. used the GrassGro model to estimate the influence of improved grazing practices on
soil organic carbon, and farm profitability, across native rangelands and tame pastures of the
southern Canadian Prairies. The GrassGro model is a computer simulation of management-
induced changes in range and pasture forage and livestock productivity. The model was
combined with spreadsheet analyses to estimate improved practices included complementary
grazing® (CG) and reduced stocking density (RSD) on rangeland; and nitrogen fertilization
(FERT), seeded grass/legumes grazed continuously (GLGC) or rotationally (GLGR), and RSD
on tame pastures (Lynch et al., 2005). The complementary grazing prevents overgrazing of
pasture and alows for optimal forage use when the pastures and rangelands are at prime quality.

The analysis was conducted over three eco-regions on the basis of similaritiesin climate and soil
type. Results were averaged over 30 yr and the three eco-regions. The soil sequestration rates
from the improved management were 5 kg C/halyr for the RSD and up to 26 kg C/halyr for CG
on rangelands, and 86 kg C/halyr for RSD, 75 kg C/halyr for GLGC, 62 kg C/halyr for GLGR
and 222 kg C/halyr for FERT on tame pastures (Lynch et al., 2005). The study noted that the
gains with FERT were considered largely negated by associated energy costs, N20 emissions,
and shiftsin grassland species. The conclusion from the GrassGro model was that the
complementary grazing system alone improved net returns to the producer.

For this system to work, Lynch et al. suggested that more research is required to determine the
most cost-effective method of seeding alfalfa and other legumes into improved tame pastures,
including no-till methods such as frost seeding, feeding of the seed to cattle, or seed drilling with
ano-till drill.

Conversion of Cropland to Pasture

Soil conservation on agricultural lands has been widely promoted in Canada as a method to
sequester carbon dioxide from the atmosphere, as well as improve soil quality. The adoption of
soil conservation practicesisincreasing in Canada as many agriculture producers have begun to
shift from conventional tillage and land management practices to more zero tillage, reduced
summerfallow frequency, complementary and rotational grazing systems, and perennial crop
production (Boehm et al., 2004).

The conversion of cropland to pasture or permanent cover and improved management of grazing
lands enhances soil carbon sequestration by reducing soil disturbance and organic matter
decomposition and increasing the amount of plant biomass carbon added to the soil (Boehm et
al., 2004). The change in management practice will increase the carbon sequestration rate, but

2 Complementary grazing uses tame grass or annual crop pastures to add to or complement native range pastures.
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the soil organic carbon levels will reach equilibrium with the rates of carbon inputs and losses
associated with the sink-enhancing practices stabilizing after about 20 years.

A study compared how tillage frequency and the presence of permanent grass cover influenced
the accumulation of carbon in a Brown Chernozem soil. Four management practices: fallow-
wheat (FW), fallow-wheat-wheat (FWW), continuous wheat (W) and permanent grass (G)
rotations were studied for six years (Bremer et al. 2002). Using the fallow-wheat as the baseline,
the carbon sequestration rates were higher in the other rotations. The permanent grass system
was 3.0 Mg C /haover the six years. This study demonstrated that in terms of absolute amounts,
permanent grass facilitates greater carbon sequestration. However, the sequestered carbon in the
permanent grass will be subject to mineralization and return to the atmosphere should the
permanent grass system betilled again and revert to annual crop production.

Table 4 demonstrates some of the predicted carbon sequestration rates for several of the
practices. Theratesidentified for zero tillage and reduce summerfallow were developed from
empirical data, while the other rates were developed using the CENTURY model (Boehm et al.,
2004). The CENTURY model is acomputer model of plant-soil nutrient cycling which has been
used to simulate carbon and nutrient dynamics for different types of ecosystems including
grasslands, agricultural lands and forests.

Table 4 — Carbon Dioxide Sequestration Rates for Soil Conservation Practices

Activity Prairie Soils
(tonnes CO,/halyr)
Brown Soils Dark Brown Soils Black soils
Zero Tillage 0.73 0.73 1.34
Reduce 0.15 0.16 0.08
Summerfallow
Permanent Cover 0.88 1.15 3.3
Ecoregions
Montane Bored Aspen
Cordillera Plains Parkland
Improved Grazing Management
Seeded Pasture 0.07 0.41 0.33
Native Pasture 0.13 0.14 0.10

Source: Boehm et al., 2004

These estimates do not include the impact of the other GHG emissions from N2O and CH4. The
soil conserving practices are estimated to cause an increase in methane and nitrous oxide
emissions of between 0 and 14 million tonnes CO2z-equivalent over the first commitment period,
depending on the adoption rates of related activities (Cohen R. undated). Thiswill partially offset
the removals of COzin soil carbon. For a carbon-sequestering land management practice to be
beneficial in terms of GHG emissions reduction, the associated incremental N20O and CHa
emissions have to be less than the sink potential. An increase in permanent cover through pasture
lands and livestock production will increase soil carbon. However, the carbon sink must be
considered in relation to the GHG emission implications of the entire system. Anincrease in
livestock production will cause methane emissions from cattle to increase and N20O and CO:
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emissions associated with crop production inputs to decline. The mitigation potential of a sink-
enhancing practice will depend on the relative amount of the sink/emission reduction and the
emission increase.
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Resear ch Knowledge Gaps

A variety of research activities have been reviewed indicating the science is starting to support
several of the beneficial management practices highlighted to reduce greenhouse gas emissions
from grazing cattle. There are still a number of unanswered questions before many of these
practices can be used with confidence on the ranch. This section of the paper highlights some of
the knowledge gaps associated with grazing cattle GHG emissions using a framework based on
the research cycle.

Burton and Sauvé developed an approach to access GHG emissions research based on the five
stages of research (Burton and Sauvé, 2006). For this framework, the five stages of research are
represented by: conception, principles, application, adaptation and tech transfer. The conception
stage outlines and tests the concept or research hypothesis. The principles stage describes the
factors used for predicting results. The application stage applies the theoretical findings to actual
field situations. The adaptation stage describes how the research findings can be adapted to
various field settings. The final research stage is tech transfer, which supports the transfer of the
technology to the farm. Categorizing the technology into one of the five research stages provides
researchers and policy makers an understanding of how much work is required before the
technology can be used in the field. Figure 2 demonstrates the five stages of research in
graphical format.

Figure# 2 — The Five Stages of Research

<€
INITIAL PROPOSAL

evaluation and new
reseanch
requirements

ADOPTIOMN

Source: Burton and Sauvé, 2006
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Using the framework, the agricultural practices identified through the review of the GHG science
will be assigned a research stage and the research knowledge gap highlighted. Table 3 isthe
summary of the agricultural practices with their current research stage and knowledge gaps.

Table 3 - Potential Management Practices That Reduce GHG Emissions

Agricultural Practice

Research Stage

Research Gap

Cattle Feed and Genetics

Select animals for low RFI

Application /Adaptation

Need more research on the overall
GHG baance

Need to be able to measure low
and high Residual Feed Intakein
field settings

Increase cow reproductive rates | Adaptation Need further research on actual
GHG emissions from the different
animals

Improve pasture quality Adaptation Need more information on
economics and other GHG
emissions associated with the
specific practices

Grazing Management

Forage mix for improved Adaptation Research is required on more

pasture plants as well as other GHG
emissions associated with the
forage mix

Fertilization of pasture Adaptation More information is required on
the potential for other GHG
emissions aswell as climatic
Impacts such as moisture

Compost manure on pasture Principle Research isrequired in this area

Stocking Rates Adaptation Need more information on the
impact of carbon sequestration
from different stocking rates and
different regions of Canada

Rotational and continuous Application More information is required on

grazing GHG emissions and carbon
sequestration as aresult of
rotational and continuous grazing

Conversion of Cropland to

Pasture

Convert marginal cropland to Adaptation Need more information on GHG

pasture, grassland emissions from conversion to
other land-uses, i.e. the addition
of livestock to the pasture
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GHG Reducing Agricultural Practices Assessment

While research studies are reviewing certain management practices which can reduce GHG
emissions from specific sources, more information is required on some of the unintended or
secondary impacts on GHG emissions from other sources. The overall impact of the suggested
practices should be understood before efforts are made for wide scal e adoption of GHG reducing
agricultural practices. For producers to adopt some of the practices, more effort is required to
highlight the economic, social and environment benefits of the practice. Many of the practices
highlighted in this paper have other benefits as well as costs associated with them.

Very few of the GHG studies discussed the impact of the practice in terms related to a business
activity. From abeef cattle business perspective, questions about meat quality, production
performance, cost of implementation of the practice, and associated risks tied to the practice are
just some of the necessary issues to be considered before making the decision to adopt the
practice.

Lynch et al., 2005 and Kopp et a., 2003 reviewed the cost effectiveness of improving pasture
through fertilization and mixed forages. Both studies concluded the most reliable approach was
the introduction of alfalfainto the pasture. While other methods could be cost effect, such asthe
additional of nitrogen fertilizer, the results indicated the risk of precipitation variables negated
the benefits.

These were the only studies reviewed that started to address the business component of the
decision to adopt practices to reduce GHG emissions from grazing cattle.
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Conclusions

Research in the area of grazing management to reduce GHG emissionsisrelatively recent. A
number of suggestions have been made that theoretically should reduce GHG emissions, but
more research is required before this information can be used effectively for international or
national GHG emission reduction agreements. Most of the research is still in the adaptation
stage, requiring the practice to be confirmed in avariety of field tests.

A number of the practices highlighted also have other benefits associated with them that could
make the justification for their use already. Improving feed efficiency, for example, while
beneficial for methane emissions reduction, also reduces the input costs of production.
Improving the quality of the pastures reduces methane emissions from the cattle but also reduces
the required amount of feed supplements and input costs. Some of thisinformation is already
available to producers making decisions on the farm. Some of the practices are little more than
good farm management and can be applied with little change to normal activities.

Some of the suggested practices need to be evaluated on a case by case basis. Converting
cropland into pasture, for example, might be appropriate for many of the farms, but a detailed
analysis would be required on the farm to ensure the economic, environmental and social
benefits exceed the costs.

For producers to be able to use the research developed around GHG emission reduction and
carbon sequestration, more of the information required about the business decisions needs to be
included. Without a current market for trading emissions reduction and GHG sequestration
credits the incentives to adopt the practices will need to rely on other benefits.
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