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Enteric methane (CH4) emissions from cattle grazing extensive semiarid rangelands are largely unknown
and represent a considerable knowledge gap for the beef cattle industry. Knowledge of baseline enteric
CH,4 emissions is beneficial for understanding the range of variability in individual animal emission pro-
duction (g CH4 head [hd]~! d-!) and emission intensity (g CH4 kg~ average daily gain [ADG]~'). Here,
we used field-based technology to determine enteric CH, emissions from yearling steers grazing the
North American shortgrass steppe in northeastern Colorado in midsummer 2022. Twenty-six animals
were acclimated for 30 d (1-30 June) to the sampling equipment in the field before the measurement
of emissions (1-31 July). Twelve (46%) yearling steers fully acclimated, with mean CH4 emissions rang-
ing from 113.3 to 261.7 g hd~! d~! across the sampling period. Daily CH4 production values were 20%
higher for steers (n=9) from a local ranch compared with steers (n=3) that originated from a mixed-
grass prairie in south-central Nebraska (202.63 vs. 169.03 g CH4 hd~! d-'). ADG of local steers was three
times greater than their counterparts (0.54 vs. 0.18 kg hd=! d-1), resulting in lower emission intensity
(g CH4/ADG; emission intensity) from local steers compared with the naive steers (237.6 vs. 418.5 emis-
sion intensity). In addition, we compared measured CH, emissions with predicted emissions calculated
using the Intergovernmental Panel on Climate Change tier 2 methodology; measured emissions were 31%
greater than predicted for the local steers and 18% greater than steers from nonlocal steers. Results in-
dicate that further research addressing grazing animal enteric CH4 emissions in extensive rangelands is
needed. Further, efforts should be context specific for comparative efforts across rangeland ecosystems
and animal origin to inform more accurate assessments of sustainability of grazing beef cattle related to
greenhouse gas mitigation strategies.
© 2024 The Author(s). Published by Elsevier Inc. on behalf of The Society for Range Management.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

sions due to high forage diets and relative inefficiency of produc-
tion compared with more confined operations further down the

Approximately 70—80% of the US beef industry’s greenhouse
gas (GHG) emissions result from pastoral-based systems, namely
because of the cow-calf and stocker sectors’ enteric methane (CHy)
emissions. These sectors have relatively large enteric CH, emis-
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US supply chain (Rotz et al. 2019). The US Environmental Protec-
tion Agency estimates enteric CH4 emissions from US beef cat-
tle following Intergovernmental Panel on Climate Change tier 2
methodology recommendations (IPCC 2019), which accounts for
dry matter intake (DMI), digestibility of feeds, and CH,4 yield per
unit of gross energy the animal consumes. Enteric CH; emission
estimates from extensively grazed beef cattle in semiarid environ-
ments are severely lacking in the literature. This means that es-
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timates derived from the IPCC tier 2 methodology are based on
data from other systems, instead of using location-specific infor-
mation (Thompson and Rowntree 2020). In fact, when examining
publicly available regionally specific emissions, the estimates from
rangeland-based production regions have remained largely static
in the past decade. Thus, there is an emergent need to quantify
enteric CH4 emissions from cattle grazing semiarid rangelands to
provide baseline values to develop more accurate location-specific
prediction equations and GHG mitigation strategies.

Cattle are selective grazers in extensive rangeland systems
(Provenza and Balph 1987). Their foraging decisions can influ-
ence individual DMI and the quality of selected diets, resulting
in different enteric CH; emissions. In contrast to well-known in-
take and diet quality attributes of pen-fed cattle (Cordova et al.
1978), free-ranging livestock intake amounts, dietary quality, and
CH4 emission at the individual animal level remain difficult to
quantify (Arndt et al. 2022). Experienced cattle are expected to
employ more efficient forage selection tactics than naive animals
(Ganskopp and Cruz 1999), potentially modifying CH, emissions.
Research efforts designed to capture the range of variability in in-
dividual absolute CH4 production (g CH4 hd~! d-1), emission in-
tensity (EI; g CHy per kg~! average daily gain (ADG)~!, and CH4
yield (g CH4 kg=! DMI) would be beneficial to encompass the in-
herent differences among grazing animals, due to their individual
intake and selected diet quality.

To begin to address this gap in knowledge, we used field-based
technology to determine enteric CH;, emissions from naive and lo-
cal yearling steers grazing the North American shortgrass steppe.
We measured individual steer ADG and enteric CH4 emissions to
provide CH4 production, CH4 intensity, and CH, yield values. This
work represents an initial pilot study to obtain more accurate mea-
sured baseline CH4 emissions for free-ranging yearling steers graz-
ing extensive rangeland.

Methods
Study area

This study was conducted at the US Department of Agriculture
(USDA)—Agricultural Research Service (ARS) Central Plains Experi-
mental Range (CPER) near Nunn, Colorado, United States (40°50’N,
104°43’'W), which is a USDA Long-Term Agroecosystem Research
site. This pilot study was conducted in a single, moderately stocked
129-ha pasture dominated by the Sandy Plains ecological site (Eco-
logical Site ID: RO67BY024C0), where C3 midheight grasses (west-
ern wheatgrass [Pascopyrum smithii] and needle-and-thread [Hes-
perostipa comata]) dominate with blue grama (Bouteloua gracilis) as
subdominant species and a sparse shrub layer of fourwing saltbush
(Atriplex canescens) present (USDA 2007). Herbaceous biomass (for-
age) production for the 2022 season, calculated using the method-
ology of Kearney et al. (2022), was 317 kg DM ha~!. Due to
drought, this value represents one third of the expected forage pro-
duction, which was also responsible for the short duration of emis-
sions data collected in this experiment.

Livestock

All research followed the Institutional Animal Care and Use
Committee protocol (CPER#9) approved March 2022 by the USDA-
ARS in Nunn, Colorado.

Twenty-six yearling steers grazed the pasture from May 23 to
July 31, with the grazing season shortened from a typical October
exit. Nineteen steers (initial entry shrunk body weights of 285.9
+ 23.8 kg) were from a local ranch, and seven steers (initial entry
shrunk BW of 348.9 + 61.8 kg) naive to the shortgrass steppe were
from a red composite (1/4 Angus, 1/4 Hereford, 1/4 Simmental, 1/4

Figure 1. Yearling steer using automated head chamber system (GreenFeed, C-Lock
Inc., Rapid City, SD) on native shortgrass steppe rangeland near Nunn, Colorado,
United States. (Photo credit: Inés Mesa.)

Gelbvieh) herd originating at the USDA-ARS, US Meat Animal Re-
search Center in south-central Nebraska. Yearlings were individu-
ally weighed at the beginning (16 May) and end (29 July) of the
growing season, as well as 2 wk (16 June) before the start of the
emissions measurement trial (1 July) and 28 d later (14 July). A
shrink adjustment (e.g., ~7—9%) was applied to each steer weight
(Derner et al. 2016). Diet quality was assessed weekly through
the collection of fecal samples collected directly after defecation;
composite samples contained subsamples of fresh fecal pats from
four individual steers of each origin. Samples were analyzed by
the Grazingland Animal Nutrition Laboratory (Texas A&M Univer-
sity, Temple, Texas, United States) for fecal crude protein (fCP) us-
ing near-infrared reflectance spectroscopy.

Emissions measurements

Enteric CH,; emissions were estimated using the Automated
Head Chamber System (AHCS; GreenFeed, C-Lock Inc., Rapid City,
SD), which was located adjacent to the single water tank in the
pasture (Figure 1). The AHCS is an automated system to monitor
gas fluxes from the breath of individual ruminant animals. Indi-
vidual animals identified by RFID ear tags were acclimated to the
AHCS for 30 d (1-30 June) in the study pasture before the emis-
sions measurement trial period, which lasted 31 d (1-31 July). An-
imals were allowed a maximum of six AHCS visits daily, with eight
35 g bait pellet drops per visit and a drop dispense interval of 30
sec. This schedule was set to encourage animals to remain in the
partially enclosed chamber for a minimum of 3 min, as Velazco et
al. (2016) recommended. This time represents a “good” visit that
captures several eructation events. Visits < 3 min were removed
from analyses.

Absolute enteric CH4 production values were estimated using
the AHCS. Emission intensity was calculated for individual animals
using the shrunk weights before and near the terminus of the
emissions measurement trial period. Individual BW and ADG were
used to parameterize a forage intake model for predicting DMI of
grazing steers (Minson and McDonald 1987). CH4 yield was calcu-
lated by dividing daily CH,4 production by predicted DMI.

Statistical analysis

To determine potential differences in ADG, absolute CH4 pro-
duction, El, and CH4 yield between the two steer origins, we
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analyzed the variance of individual steer means using the aov func-
tion in R (R Development Core Team 2023). We assessed normal-
ity, equality of variance, and independence among samples be-
fore conducting analysis of variance; all assumptions necessary to
conduct ANOVA were met. To account for the difference in entry
weight of steers of each origin, we included initial body weight
(IBW) as a covariate in each model. Models included origin and
IBW as fixed effects. The ADG was calculated using each weight
collected from the midpoint of the acclimation period (6/16) to the
final weight of the season (7/29) via linear regression. To evaluate
whether emissions changed over the measurement period, linear
regression was used to regress absolute CH4 emissions over day of
measurement.

Results
Visitation

Twelve of 26 steers (nine local and three naive) voluntarily
used the AHCS during the 30-d acclimation period (1-30 June),
and they continued use during the 31-d emissions trial period
(1-31 July). All visits occurred during daylight hours, spanning
0700-2100. The number of “good” visits per individual did not dif-
fer by origin (P=0.69; Table 1), nor did the time of day that visits
occurred (P=0.44; Figure 2), indicating equitable visitation behav-
ior among steers of different origins.

Weight gains and enteric emissions

Initial BW at the midpoint of the acclimation phase was 10%
greater for naive steers than locally sourced steers (P=0.04; see
Table 1). Predicted DMI did not differ (P=0.41). Intake of AHCS
bait pellet did not differ among origins (P=0.85). In addition, fecal
CP was 8% greater for local than naive yearling steers (P=0.04).
Weight gains during the emissions measurement period were
greater for local steers (mean + SE; 23.03 + 3.45 kg~!) than naive
steers (6.19 + 5.98 kg~'; P=0.03), resulting in three times greater
ADG (P=0.03). After accounting for initial BW, final BW of local
steers was 3% greater than naive steers.

Absolute enteric CH4 production did not show a trend of in-
creasing or decreasing from the start to the end of the 31-d emis-
sions measurement trial (P=0.47), nor did steer origin interact
with day (P=0.43). Absolute CH4 production across the trial pe-
riod was 20% greater for local steers (P=0.04). Due to the greater

Table 1

Mean (+standard of error) of automatic head chamber system (AHCS) visitation,
animal performance, fecal protein, dry matter intake (DMI) predicted (Minson and
McDonald [1987]), and enteric methane (CH,4) emissions for experienced (local) and
nonlocal (naive) yearling steers during the 2022 grazing season (1-31 July) on a
sandy plains (Ecological Site ID: RO67BY024CO) pasture at the US Department of
Agriculture—Agricultural Research Service Central Plains Experimental Range near
Nunn, Colorado, United States. Statistics for yearling steers that acclimated to the
AHCS are presented.

Metric Local (n=9)

9.4 (1.0)
332.08 (9.20)
364.32 (3.53)

Naive (n=3) F p

8.7 (12) 0164 0.69
375.69 (15.94) 562 0.04
35424 (6.85) 1629 0.003

AHCS visits (n individual)
Initial body weight (kg)
Final body weight (kg)

Fecal crude protein (%) 8.7 (0.15) 8.0 (0.28) 5.66 0.04
Average daily gain (ADG; kg) 0.54 (0.07) 0.18 (0.12) 6.12 0.03
Live weight gain (kg period—1)  23.03 (3.45) 6.19 (5.98) 594 0.03
Total DMI (kg d-1) 7.35 (0.17) 6.85 (0.34) 045 0.52
Forage DMI (kg d~') 7.04 (0.17) 6.54 (0.33) 044 0.53
AHCS bait pellet DMI (kg d-)  0.31 (0.03) 0.31 (0.06) 0.04 0.85

CH, production (g hd=! d-1)  202.63 (7.28) 169.03 (12.62) 531 0.04
CH, intensity (g CH, kg~! ADG) 237.56 (39.88) 41852 (69.07) 515 0.04
CH, yield (g kg~! DMI) 2925 (139) 2526 (241) 205 018

Origin [[] Local [] Naive

Density

0.05

7 8 [ 0 11 12 13 14 15 16 17 18 19 20 21
Hour of day

Figure 2. Density plot of automated head chamber system visitation for local and
naive yearling steers during the 2022 grazing season in sandy plains (Ecological
Site ID: RO67BY024CO) pasture at the US Department of Agriculture—Agricultural
Research Service Central Plains Experimental Range near Nunn, Colorado, United
States.

ADG of local steers, EI was 43% lower for local than naive steers
(P=0.04; see Table 1). CH4 yield did not differ among origins
(P=0.18). Using IPCC (2019) methodology, predicted absolute CH,
production values were 25% less, on average, than our in-field
measurements.

Discussion

This work provides a snapshot of enteric CH, emissions
from free-ranging livestock grazing in semiarid rangelands during
drought conditions. CH4 production did not increase or decrease
over the July sampling period; however, CH4 production and EI dif-
fered between local and naive origin steers. Local steers showed
greater fecal crude protein concentration than naive animals, sug-
gesting the selection of forages with greater nutritive value. Thus,
it is expected that improved diet quality promoted greater rumen
fermentation and increased CH4 production (Beauchemin et al.
2022). However, improving the nutritive value of the diet resulted
in greater ADG and lower El Differential responses of CH4 produc-
tion and EI by the local and naive steers demonstrate the need to
measure both emissions and performance (i.e., weight gains) of in-
dividual animals.

This pilot study incorporated elements of a common garden
plant experiment for the fields of rangeland animal science and
sustainability by comparing different strains, families, or popula-
tions under identical environmental conditions (de Villemereuil et
al. 2016). Our data suggest the need to be cognizant of differences
in local and nonlocal grazing animals regarding reducing enteric
CH,4 emissions in extensive grazing lands. Mechanistic explanations
for observed differences in EI may include different rumen micro-
biome communities, animal genetic backgrounds, foraging strate-
gies, and natal and learning behaviors (Launchbaugh and Provenza
1991).

Difficulty in obtaining emissions measurements for free-ranging
livestock was also observed in this pilot study. Studies of graz-
ing cattle in small pasture settings demonstrate a range of 10 to
38 “good” visits to the AHCS can be employed to test treatment
differences for emissions production (Dressler et al. 2023). Gunter
and Beck (2018) state forage rich in moisture can cause cattle not
to water every day and concomitantly not use the AHCS; thus, it
was a surprise that steers did not visit more often than we ob-
served in this dry year. Moreover, this investigation demonstrates
the difficulty in obtaining sufficient visits to describe the full
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24-h emission cycle, as seen in confined settings (e.g., Manafiazar
et al. 2017). While we desired to space out visits equally across a
24-h period, the diurnal pattern of enteric CH4 emissions for steers
grazing rangelands is not as significant as meal-fed cattle (Gunter
and Beck 2018). We suggest future investigations of cattle emis-
sions test alternative placement and experimentation with the spa-
tial arrangement of AHCSs on rangeland. For instance, placing the
AHCS under a shade source may result in more adequate visitation.

Implications

Measurements of only enteric CH4 emissions for these yearling
steers grazing shortgrass steppe would have resulted in findings
lacking appropriate context. Local steers did have higher CH4 pro-
duction than naive steers, but their performance was also much
higher, resulting in lower EI, which is critical for ensuring food se-
curity. For the beef industry, knowledge of both CH, production
and the performance of individual animals would benefit selec-
tion efforts for animals that fit the environment and/or production
phase by being low emitters or high performers, or ideally both.
While absolute emissions were low for naive steers, their low per-
formance in this rangeland system would not allow for an econom-
ically competitive stocker cattle operation.
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