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ABSTRACT ARTICLE HISTORY

To determine the methane (CH,4) emission factors for beef cows in Received 15 November 2018
Argentina, we carried out two experiments to test the effect of Accepted 16 May 2019
different diets on methane emission from grazing conditions. In

experiment 1, diet consisted of native grass-based pasture vs. Enteric CH, emission: SF
sorghum-based pasture (63.1% and 635% of dry matter .. . tech4nique; gra’zimj
digestibility (DMD) respectively), and in experiment 2, it consisted conditions; diet quality; beef
of native grass-based pasture vs. alfalfa hay (45.2% and 43.6% of cattle

DMD respectively). In both experiments, CH, production showed

statistically significant differences (202.7 £11.5 and 157.5+ 10.6 g/

d for native grass-based pasture and sorghum respectively; 157.4

+89 and 190.6+9.4 g/d for native grass-based pasture and

lucerne hay respectively). The energy lost through eructation of

CH, was less for cows grazing sorghum than for cows grazing

native grass-based pasture (4.3% +0.3% vs 5.6% + 0.4%), and it

was similar between the latter and cows grazing alfalfa hay (7.1%

+0.6% vs 8.2% +0.5%). The results support that low quality diets

increase methane yield (Ym).

KEYWORDS

Introduction

Methane (CH,) emitted by cows and other domestic ruminants contributes significantly to
the atmospheric greenhouse gas burden (Houweling 2000; Houghton et al. 2001; Lassey
2007a, 2007b).

Although numerous experiments monitor enteric methane emissions, the effects of
grazing management (DeRamus et al. 2003), nutritional supply (Beauchemin and
McGinn 2006; Newbold and Rode 2006; Beauchemin et al. 2007) or genetic selection
(Crews 2005; Hegarty et al. 2007) are potentially relevant for emission abatement strat-
egies, thus constituting an active area of experimental research.

Methane produced by enteric fermentation in ruminants represents 13% of total green-
house gas emissions in Argentina (World Bank 2016). The relative weight of CH, emis-
sions in relation to the total greenhouse gases is particularly high, mainly because of
emissions from livestock production in rural areas. In order to develop and implement
mitigation strategies in pasture systems, it is necessary to consider reliable emission
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factors, so that determination uncertainties are minimised. The stock of cattle in Argentina
represents around 5.5% of the world stock, and approximately 90% is used for meat pro-
duction (SENASA 2016).

Barbaro et al. (2008) studied methane emissions from grazing beef cattle in Argentina,
where large variations in energy lost through eructation were observed (3.5%-6.5%).
However, measurements of methane emission factors in Argentina are scarce.

To further investigate this issue, we conducted two experiments that measured emis-
sion factors for lactating and pregnant beef cows exposed to different diets.

Material and methods

This work was completed at the INTA Castelar Experimental Station (Hurlingham,
Argentina, GPS Coordinates: 34°36" S Latitude, 58°40" W Longitude). It was approved
by the Animal Ethics Committee of INTA and animals were accordingly cared for
(CICUAE 47/2016 and 49/2018).

Experimental design, animals, pastures and management

Twenty beef cows (Aberdeen Angus x Hereford) were assigned to the two treatment diets
based on live weight, 15 days prior to beginning the experiment, for the animals to
acclimatise to the established diets. The CH, emissions were estimated by the sulfur hex-
afluoride (SF¢) tracer technique (Johnson et al. 1994) and the dry matter intake (DMI)
measurements were determined using chromic oxide (Cr,O3) (Corbett and Freer 1995).
The animals were weighed before and after the beginning of the CH, emission and
DMI measurement. The grazing system used was continuous set stocking. The forage
availability permitted ad libitum pasture intake (forage availability > 5% of LW).

Experiment 1
The study was conducted for 20 days beginning in late March 2014 (autumn). It involved
twenty pregnant beef cows (4-6 years old and 378 + 57 Kg LW on average).

Treatments consisted in animals grazing pastures (8-ha. paddock) with two diets of
different composition. Treatment 1 was native grass-based pasture composed of 60%
grass (Festuca arundinacea, Lollium multiflorum, Bromus unioloides, Paspallum dilata-
tum) and 40% legume (Trifolium repens, Trifolium pratensis). Treatment 2 consisted of
sorghum-based pasture, approximately 75 days after emergence (soft dough). The avail-
able forage was 3200 and 4300 kg dry matter (DM)/ha. for native grass-based pasture
and sorghum-based pasture, respectively.

Following 15 days of adaption to pastures, the CH, emission and DMI measurements
were completed over a 5-day period (days 16-21).

During the experimental period, the daily mean of air temperatures and relative humid-
ity were 18.1°C and 76.5%, respectively and the rainfall averaged c. 146 mm/month.

Experiment 2

The study was conducted over 25 days beginning in late October 2016 (spring). It involved
twenty lactating beef cows (6-8 years old and 388 + 66 Kg LW on average). The calves age
ranged from 60 to 86 days.
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Treatments consisted of two groups of animals: for treatment 1, animals grazed native
grass-based pasture (same paddock with herbage covering offered in experiment 1 with
2500 kg of DM/ha. of available forage) and for treatment 2, animals were fed with
lucerne hay in a bare paddock (ad libitum access).

Following 15 days adaption to pastures, the CH, emission and DMI measurements
were completed over 10 days (two 5-day period: days 16-21 and 21-26).

The daily mean air temperature and relative humidity at the farm were 18.5°C and
72.7%, respectively. The rainfall averaged c. 91 mm/month (however, during the
months before the experiment, the rainfall was very scarce: c. 45 mm/month).

Pasture sampling

At the end of the acclimatisation period, six random samples at ground level were obtained
in each paddock within a 1000 cm® frame. The samples were dried together at 60°C until
reaching a constant weight. Once ground and mixed, the composite sample of each treat-
ment was analysed to determine its chemical composition and digestibility. For exper-
iment 2, we repeated this procedure five days later.

Feed intake measurements

The DMI (kg/day) of the animals was determined using chromic oxide (Cr,03). From the
start of the acclimatisation period, cows were dosed daily with a gelatin capsule containing
10 g of Cr,O3 (99% purity). Faeces were rectal-sampled daily in the morning (10 am)
during the measurement of enteric CH,, and oven-dried at 60°C for 96 h in order to
measure dry matter and chromium concentration.

Using the daily Cr,O3 dose and the chromium concentration in the faeces of each animal,
it is possible to estimate faecal organic matter output, according to Equation 1 below.

Cr,0;dose(mg/d)

Faecal DM kg/d) =
aecal output (kg/d) Cr;03in faeces (mg/kg DM)

(1)

The daily mean DMI (kg/d) per animal was calculated using the faecal DM output (kg/d)
and the dry matter digestibility (DMD) according to Corbett and Freer (1995) (Equation 2):

Faecal DM output (kg/d)*100
100 — DMD=100

DMI (kg/d) = (2)

Methane measurements

On the third day of the acclimatisation period, the cows were orally dosed with SF¢ per-
meation tubes, which were chosen based on their high linearity of mass loss (R* > 0.99)
and proximities of precalibrated permeation rates (PR) (4.90 £ 0.52 and 4.71 + 0.12 mg/
day for experiment 1 and 2, respectively). The sample system consisted of a polyvinyl
chloride (PVC) yoke-shape collection device (2.5 L volume) with a sample flow regulated
by a capillary system (Johnson et al. 1994).

During experiment 1, five consecutive samples were taken per animal using a sampling
collection period of 24 h (traditional use of SF, tracer technique) (Johnson et al. 1994). For
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experiment 2, two consecutive samples were collected per animal and the sampling collec-
tion period was 5 days long (adapted technique extending the collection duration of breath
samples) (Pinares-Patifo et al. 2012).

Prior to each sample collection period, the PVC canisters were cleaned with high purity
nitrogen (N,) and pre-evacuated (until 1 mbar). The flow regulators were calibrated to
allow a residual vacuum of about 500 mbar at the end of the sample collection period.
Sample flow collection was set to ~1.2 and 0.25 mL/min for daily and five-day sample col-
lection systems, respectively. For the setting of the sample flow rate, a small segment
(5 cm) of the metal capillary was pressed (using a vice) until the desired flow was achieved
(Pinares-Patifio et al. 2007). Simultaneously to the breath sample collections, background
air samples were also collected in duplicate, facing the incoming wind flow direction at the
edge of the paddock (1.2 m). At the end of the collection, the pressure in sample containers
was checked, and those with residual pressure in the range of 400-600 mbar were retained
for analysis (Gere and Gratton 2010). The sampling procedure achieved 88% efficiency,
and this percentage was similar for both experiments and treatments.

Concentrations of CH, and SFs were analysed using gas chromatography (Perkin Elmer
600, INTA Castelar, Hurlingham, Argentina). For CH, measurements, the gas chromato-
graph was equipped with a flame ionisation detector and a 30 m Elite Plot Q column
(0.53 mm I.D.). The temperatures of the oven, the injector, and the detector were 40°C,
120°C, and 380°C, respectively. The carrier gas (N,) flux was 21 psi. The flammable gases
(hydrogen and air) fluxes were 45 and 450 mL/min, respectively. For SFg, the gas chromato-
graph was equipped with an electron capture detector and a 30 m Elite Molesieve column
(0.53 mm ID). The temperatures of the oven, the injector, and the detector were 40°C,
120°C, and 350°C, respectively. The carrier gas (N,) flux was 30 mL/min.

The CH, emission per animal was calculated using the PR of each SF¢ capsule and con-
centration of CH, and SF4 (Equation 3).

PR SF4(g/d)*[CH4—BGcp,]
[SFs—BGsg, ]

CHy(g/d) = €)
where: [CH,4] and [SFs] are the concentrations of these gases in the samplers and BG are
the background atmospheric concentrations. The background values were 1.9 +0.2 and
22+03ppm for CHy and 8.1+32 and 9.7+2.5 ppt (for experiment 1 and 2,
respectively).

Chemical analysis

Crude protein (CP) was measured by means of the Kjeldhal technique; neutral detergent
fibre (NDF) and acid detergent fibre (ADF), using the Van Soest technique (Goering and
Van Soest 1970); and in vitro dry matter digestibility (DMD) with the Tilley and Terry
technique (Tilley and Terry 1963). Gross energy (GE) (M] per kg of DM) was also calcu-
lated, using the equation of Schiemann et al. (1971).

Data analysis and statistics

Infostat Statistical Software (Balzarini et al. 2008) was used to analyse differences in the
mean values of CH, emission, DMI, gross energy intake (GEI), intensity of emission
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(CHy/kg LW) and energy lost through eructation of CH, or methane yield (Ym)
(ANOVA, Fisher’s LSD Test).

Origin Lab 6.0 software (OriginLab Corporation 2016) was used to calculate the slopes
of the linear regressions for Ym versus DMD and NDF.

Results

Table 1 shows the chemical composition of pasture for both experiments. DMD was similar
in the forages treatments offered in both experiments: 63.1% and 63.5% for native grass-
based pasture and sorghum-based pasture, respectively (experiment 1), and 45.2% and
43.6% for native grass-based pasture and alfalfa hay, respectively (experiment 2).

DMI and CH, emission parameters are presented in Table 2. In experiment 1, a
statistically significant difference in CH, emissions was observed (p <0.05, 23% in
absolute terms). As no differences in intake (DMI) were observed (p=0.7369), such
difference was maintained when calculating Ym. Sorghum-fed animals presented a CH,
energy loss through eructation of 4.3% + 0.3%, while pasture-fed animals showed 5.6%
+0.4%.

In experiment 2, even though there is a statistically significant difference in total CH,
emissions (p < 0.05), this difference is no longer observed in DMI and energy lost through
eructation of CH,. The resulting values were 7.1% + 0.6% and 8.2% * 0.5%, for native
grass-based pasture and lucerne hay, respectively (p = 0.2875).

Discussion
The two experiments described were planned to provide data on enteric CH, emission

from lactating and pregnant grazing beef cows in Argentina.

Table 1 . Chemical composition and in vitro digestibility of the pastures used in the study.
Experiment 1 Experiment 2

Native grass-based pasture  Sorghum-based pasture ~ Native grass-based pasture  Alfalfa hay

CP (%) 17 7.1 14 8

NDF (%) 60 44.7 69.7 75.2
ADF (%) 375 247 36.5 421
DMD 63.1 63.5 45.2 43.6
GE (MJ/Kg DM) 17.4 16.8 124 1.3

Note: CP = crude protein; NDF = neutral detergent fibre; ADF = acid detergent fibre; DMD = dry matter digestibility; GE =
gross energy (MJ/Kg dry matter).

Table 2. Methane emission, dry mater intake and methane yield for beef cows in the two experiments.

Experiment 1 Experiment 2
Native grass-based ~ Sorghum-based Native grass-based
pasture pasture p value pasture Alfalfa hay p value
CH, Emission (g/d) 202.7+115 1575+ 10.6 0.0243 157.4+89 190.6 + 9.4 0.0169
DMI (kg/d) 11.75+£1.83 12.05+1.87 0.7300 103£1.7 11.86+1.86 0.0716
GEI (MJ/d) 204.6 £ 10.1 207.5+11.3 0.8312 126.8+6.7 13556 +7.53  0.3569
CHy/kg LW 0.55 +0.04 0.42 +£0.03 0.0491 0.45+0.03 0.49+0.03 04702
Ym (%) 56+04 43+03 0.0441 7.1+0.6 82+0.5 0.2875

Note: Emissions = daily CH, emissions (g/day); DMI = dry matter intake (kg/day); GEl = gross energy intake (MJ/day); CH./kg
LW = intensity of emission; Ym = methane yield (%). Values are means and standard deviations.
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The total CH, emission was similar to that reported by Barbaro et al. (2008). The differ-
ences between experiments regarding total CH, emissions can be explained by feed intake
and digestibility (Blaxter and Clapperton 1965). In experiment 1 although the DMD for
both treatments was similar, a lower Ym was observed in sorghum-based pasture,
where the content of NDF (fibrous carbohydrates) was lower than that of native grassland
(44.7% vs 60% respectively). Ulyatt et al. (2005) reported that higher contents of NDF
would increase CH, emitted per unit digested. At the same time, the presence of
tannins in sorghum, as reported by Cummins (1971), could contribute to reducing CH,
emissions. Feeding sorghum silages with variable tannin levels could improve protein
digestibility and reduce CH,4 emissions (Oliveira et al. 2007).

In experiment 2, even though there is a statistically significant difference in the total
CH, emissions, this difference is no longer observed in terms of GEI In this case, chemical
composition and in vitro digestibility were similar for both treatments.

The resulting emission values were within the range of the ones reported by
McCaughey et al. (1999) for lactating beef cows. Lassey (2007a) studied the effect that
DMD has on CH, emissions, and the values reported are comparable to the results
obtained in the present study.

The two experiments reported are independent of each other, so they cannot be directly
compared. However, the lower quality of the feed offered in experiment 2 could contribute
to a considerable increase of Ym compared to experiment 1. If the native grass-based pasture
is compared in the two experiments, it can be observed that in spring Ym increased by 27%
compared to autumn, while DMD and GE decreased. This feed quality decrease might be
explained by lower precipitation in the months prior to the experiment, which could
have accelerated the maturity of the pasture, thus increasing dead material.

The Ym values obtained in this paper are in the range of those reported in other trials for
beef cows using the SF tracer technique in Brazil (Nascimento et al. 2016), Uruguay (Dini
et al. 2017) Argentina (Barbaro et al. 2008) and Canada (McCaughey et al. 1999; Boadi and
Wittenberg 2002). In all cases, we observe a negative correlation of Ym with DMD (r = 0.69,
P <0.001) (Figure 1A) and a positive correlation with NDF (r = 0.65, p < 0.001) (Figure 1B),
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Figure 1. Energy lost through eructation of CH4 (Ym) as function of DMD (%) (A) and NDF (%) (B) for
our results (in full circles) and other trials (in open circles), for beef cattle using the SF4 tracer technique
in some experiments of Argentina, Brazil, Uruguay and Canada.
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consistent with previous analyses. The strong data dispersion in Figure 1 can be explained by
greater intra-animal and inter-animal variability in CH, emission measurements (Pinares-
Patifio and Clark 2008) combined with errors in the estimation of digestibility and intake,
resulting from inter-animal variations in recovery of the external marker (Cordova et al.
1978).

Dini et al. (2017) demonstrated that using high quality pastures could reduce enteric
CH, emissions. A reduction of about 14% of the CH, emitted per unit of DMI was
reported. For DMD between 35.1% and 71.2%, Ym was in the range 4.20% and 7.90%.

The IPCC (2006) estimated a 6.5 + 1% loss of gross energy for beef cattle and suggested
that, although the mean value is appropriate for most applications, lower limits may be
used for high-digestibility and high-energy feeds, whereas upper limits may be more
appropriate for poor quality feed. This is consistent with the results obtained in this
work for native grass-based pasture.

Conclusion

In this study, the lowest methane yield values were obtained in cows fed with sorghum-
based pasture, and the highest values, in animals fed with alfalfa hay.

Cows fed with native grass-based pasture showed a higher energy lost through eructa-
tion when the quality of the offered diet was lower (spring trial presented a lower quality
than autumn trial). We can conclude that low quality diets, with low DMD and high NDF,
considerably increased enteric CH, emissions.

The information presented in this work may be useful to develop national inventories
that calculate CH, emission factors for livestock according to forage quality.

Acknowledgement

The authors gratefully acknowledge the comments and inputs received from Dra. Laura Astigar-
raga. The authors also thank Dra. Gabriela Posse Beaulieu, Prof. Federico Boccacci and Prof.
Karina Rullo for their valuable support.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by National Agency for Scientific and Technological Research: [grant
number PICT 2015-2530]; Instituto Nacional de Tecnologia Agropecuaria: [grant number
PNNAT 1128023]; Fondo Regional de Tecnologia Agropecuaria: [grant number Project FTG/RF
1028RG]; Universidad Tecnoldgica Nacional: [grant number PID UTN MSUTNBA0004540].

ORCID
J. 1. Gere (© http://orcid.org/0000-0002-2663-8761


http://orcid.org/0000-0002-2663-8761

NEW ZEALAND JOURNAL OF AGRICULTURAL RESEARCH e 267

References

Balzarini MG, Gonzalez L, Tablada M, Cassanoves F, Di Rienzo JA, Robledo CW. 2008. Manual del
usario. Cordoba: Editorial Brujas.

Bérbaro NO, Gere JI, Gratton R, Rubio R, Williams KE. 2008. First measurements of methane
emitted by grazing cattle of the Argentinean beef system. New Zeal. J. Agr. Res. 51:209-219.
doi:10.1080/00288230809510449.

Beauchemin KA, McGinn SM. 2006. Effects of various feed additives on the methane emissions
from beef cattle. Int. Congr. Ser. 1293:152-155. doi:10.1016/j.ics.2006.01.042.

Beauchemin KA, McGinn SM, Martinez TF, McAllister TA. 2007. Use of condensed tannin from
quebracho trees to reduce methane emissions from cattle. J. Animal Sci. 85:1990-1996. doi:10.
2527/jas.2006-686.

Blaxter KL, Clapperton JL. 1965. Prediction of the amount of methane produced by ruminants. Br.
J. Nutr. 19:511-522.

Boadi DA, Wittenberg KM. 2002. Methane production from dairy and beef heifers fed forages
differing in nutrient density using the sulphur hexafluoride (SFs) tracer gas technique.
Can. J. Anim. Sci. 82(2):201-206. doi:10.4141/A01-017.

Corbett JL, Freer M. 1995. Ingestion et digestion chez les ruminants au paturage. In: Jarrige R,
Ruckebusch Y, Demarquilly C, Farce MH, Journet M, editors. Nutrition des ruminants domes-
tiques, ingestion et digestion. Paris: INRA Editions; p. 871-900.

Cordova FJ, Wallace JD, Pieper RD. 1978. Forage intake by grazing livestock: a review. ] Range
Manage. 31(6):430-438. doi:10.2307/3897201.

Crews DH. 2005. Genetics of efficient feed utilization and national cattle evaluation: a review.
Genet. Mol. Res. 4:152-165.

Cummins DG. 1971. Relationships between tannin content and forage digestibility in sorghum.
Agron J. 63(3):500-502. doi:10.2134/agronj1971.00021962006300030046x.

DeRamus HA, Clement TC, Giampola DD, Dickison PC. 2003. Methane emissions of beef cattle on
forages: efficiency of grazing management systems. J. Environ. Qual. 32:269-277. doi:10.2134/
j€q2003.0269.

Dini Y, Gere JI, Cajarville C, Ciganda V. 2017. Using highly nutritious pastures to mitigate enteric
methane emissions from cattle grazing systems in South America. Anim. Prod. Sci. 58(12):2329-
2334. doi:10.1071/AN16803.

Gere JI, Gratton R. 2010. Simple, low-cost flow controllers for time averaged atmospheric sampling
and other applications. Lat. Am. Appl. Res. 40:377-381.

Goering HK, Van Soest PJ. 1970. Forage fiber analyses (apparatus, reagents, procedures, and some
applications). Agriculture Handbook 379. Washington (DC): ARS, USDA.

Hegarty RS, Goopy JP, Herd RM, McCorkell B. 2007. Cattle selected for lower residual feed intake
have reduced daily methane production. J. Animal Sci. 85:1479-1486. doi:10.2527/jas.2006-236.

Houghton JT, Ding Y, Griggs DJ, Noguer M, van der Linden PJ, Dai X, Maskell K, Johnson CA.
2001. Climate change 2001: the scientific basis. Cambridge: Cambridge University Press.

Houweling S. 2000. Global modelling of atmospheric methane sources and sinks [PhD thesis]. The
Netherlands: Institute for Marine and Atmospheric Research, Utrecht, Utrecht University.

IPCC. 2006. 2006 IPCC guidelines for national greenhouse gas inventories. Chapter 10: emissions
from livestock and manure management. Intergovernmental panel on climate change, national
greenhouse gas inventories programme (IPCC-NGGIP). United Nations Framework
Convention on Climate Change (UNFCCC).

Johnson K, Huyler M, Westberg H, Lamb B, Zimmerman P. 1994. Measurement of methane emis-
sions from ruminant livestock using a sulfur hexafluoride tracer technique. Environ. Sci.
Technol. 28:359-362. doi:10.1021/es00051a025.

Lassey K. 2007a. Livestock methane emission: from the individual grazing animal through national
inventories to the global methane cycle. Agric. For. Meteorol. 142:120-132. doi:10.1016/j.
agrformet.2006.03.028.

Lassey K. 2007b. Livestock methane emission and its perspective in the global methane cycle.
Aust. J. Exp. Agr. 48:114-118. doi:10.1071/EA07220.


https://doi.org/10.1080/00288230809510449
https://doi.org/10.1016/j.ics.2006.01.042
https://doi.org/10.2527/jas.2006-686
https://doi.org/10.2527/jas.2006-686
https://doi.org/10.4141/A01-017
https://doi.org/10.2307/3897201
https://doi.org/10.2134/agronj1971.00021962006300030046x
https://doi.org/10.2134/jeq2003.0269
https://doi.org/10.2134/jeq2003.0269
https://doi.org/10.1071/AN16803
https://doi.org/10.2527/jas.2006-236
https://doi.org/10.1021/es00051a025
https://doi.org/10.1016/j.agrformet.2006.03.028
https://doi.org/10.1016/j.agrformet.2006.03.028
https://doi.org/10.1071/EA07220

268 (&) J.1.GEREETAL.

McCaughey WP, Wittenberg K, Corrigan D. 1999. Impact of pasture type on methane production
by lactating beef cows. Can. J. Anim. Sci. 79(2):221-226. doi:10.4141/A98-107.

Nascimento CFM, Berndt A, Romero LA, Meyer PM, Frighetto RTS, Demarchi JJAA, Rodrigues
PHM. 2016. Methane emission of cattle fed Urochloa brizantha hay harvested at different
stages. J. Agric. Sci. 8(1):163-174. doi:10.5539/jas.v8nlp163.

Newbold CJ, Rode LM. 2006. Dietary additives to control methanogenesis in the rumen. Int. Congr.
Ser. 1293:138-147. do0i:10.1016/j.ics.2006.03.047.

Oliveira SG, Berchielli TT, dos Santos PM, Primavesi O, Frighetto R, Lima MA. 2007. Effect of
tannin levels in sorghum silage and concentrate supplementation on apparent digestibility
and methane emission in beef cattle. Anim. Feed Sci. Technol. 135(3-4):236-248. d0i:10.1016/
j.anifeedsci.2006.07.012.

OriginLab Corporation. 2016. Tutorials for origin. Northampton (MA): OriginLab Corp.

Pinares-Patifio C, Clark H. 2008. Reliability of the sulfur hexafluoride tracer technique for methane
emission measurement from individual animals: an overview. Aust. J. Exp. Agr. 48:223-229.
doi:10.1071/EA07297.

Pinares-Patifio C, Gere JI, Williams K, Gratton R, Juliarena P, Molano G, Maclean S, Sandoval E,
Taylor G, Koolaard J. 2012. Extending the collection duration of breath samples for enteric
methane emission estimation using the SF¢ tracer technique. Animals. 2:275-287. doi:10.3390/
ani2020275.

Pinares-Patino CS, Holmes CW, Lassey KR, Ulyatt M]J. 2007. Evaluation of the sulphur hexafluor-
ide tracer technique for methane emission measurement in forage-fed sheep. Proc. New Zeal.
Soc. An. 67:431-435.

SENASA. 2016. The Argentine cattle bovine stock. [accessed 2016 March 13]. http://senasa.gob.ar.
Spanish.

Schiemann R, Nehring K, Hoffmann L, Jentsch W, Chudyn A. 1971. Energetische Futterbewertung
und Energienormen. Berlin: VEB Deutscher Landwirtschaftsverlag; p. 344.

Tilley JMA, Terry RA. 1963. A two stage technique for the in vitro digestion of forage crops. J. Br.
Grassl. Soc. 18:104-111. doi:10.1111/j.1365-2494.1963.tb00335.x.

Ulyatt M]J, Lassey KR, Shelton ID, Walker CF. 2005. Methane emission from sheep grazing four
pastures in late summer in New Zealand. New Zeal. J. Agr. Res. 48(4):385-390. doi:10.1080/
00288233.2005.9513671.

World Bank. 2016. Argentina - third national communication to the United Nations framework
convention on climate change project (English). Washington (DC): World Bank Group.


https://doi.org/10.4141/A98-107
https://doi.org/10.5539/jas.v8n1p163
https://doi.org/10.1016/j.ics.2006.03.047
https://doi.org/10.1016/j.anifeedsci.2006.07.012
https://doi.org/10.1016/j.anifeedsci.2006.07.012
https://doi.org/10.1071/EA07297
https://doi.org/10.3390/ani2020275
https://doi.org/10.3390/ani2020275
http://senasa.gob.ar
https://doi.org/10.1111/j.1365-2494.1963.tb00335.x
https://doi.org/10.1080/00288233.2005.9513671
https://doi.org/10.1080/00288233.2005.9513671

	Abstract
	Introduction
	Material and methods
	Experimental design, animals, pastures and management
	Experiment 1
	Experiment 2

	Pasture sampling
	Feed intake measurements
	Methane measurements
	Chemical analysis
	Data analysis and statistics

	Results
	Discussion
	Conclusion
	Acknowledgement
	Disclosure statement
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


