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Simple Summary: Improving grazing management provides the opportunity of limiting methane
emissions from beef cattle systems, and consequently offers economic along with environmental
benefits. The aim of this study was to measure methane emissions and herbage intake, in order to
estimate the methane yield from beef cows grazing on native grasslands at different herbage al-
lowances. The trial, that it is part of a long-term experiment, consisted in two treatments of herbage
allowance, with forty pregnant heifers. Methane emissions and intake were estimated for three
17-day periods during autumn, winter and spring. Methane emissions and organic matter intake
did not differ between herbage allowance treatments, which resulted in similar methane yield.
However, all variables were significantly affected by the period, with a marked increase in spring,
except for methane yield expressed as a proportion of Gross Energy intake. Results show that
methane emissions and intake were significantly affected by the season of the year, but not by the
level of herbage allowance used in this study. These are the first data obtained on methane emis-
sions in pregnant heifers in native grassland for Uruguay.

Abstract: The aim of this study was to measure methane emissions (CHs) and herbage intake, and,
on the basis of these results, obtain the methane yield (MY, methane yield as g CHs/kg dry matter
intake (DMI) and Ym, methane yield as a percentage of Gross Energy intake), from beef cows
grazing on native grasslands. We used forty pregnant heifers, with two treatments of herbage
allowance (HA) adjusted seasonally (8 and 5 kg dry matter (DM)/kg cattle live weight (LW), on
average), during autumn, winter and spring. Methane emissions (207 g CHa/d), organic matter
intake (OMI, 7.7 kg organic matter (OM)/d), MY (23.6 g CHs/kg DMI) and Ym (7.4%), were similar
between treatments. On the other hand, all variables had a marked increase in spring (10.8 kg
OM/d and 312 g CHs/d), except for Ym. The methane emission factor from Intergovernmental
Panel on Climate Change (IPCC) Tier 2 estimated with these results was 78 kg CHs/head/year. The
results show that methane emissions and intake were influenced by the season, but not by the HA
analyzed in this study. This information for cow—-calf systems in native grasslands in Uruguay can
be used in National greenhouse gases (GHG) inventories, representing a relevant contribution to
global GHG inventories.
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1. Introduction

Extensive grazing systems used by ruminants have been the focus of multiple criti-
cisms due to their attribution to high greenhouse gas emissions (GHG). Livestock pro-
duction is growing worldwide because of the increased demand for animal proteins. Beef
cattle production has increased in the last three decades almost 40% worldwide, with the
Americas being one of the regions that led this development [1]. However, beef produced
from native grassland ecosystems provides multiple benefits such as biodiversity con-
servation, low energy and inputs consumption, carbon sequestration in soils, improved
animal welfare, and rural development [2,3].

Uruguayan grasslands are located in the Campos region [4-7], and its export com-
petitiveness is based in beef production at grazing all year round. Though, enteric me-
thane emissions from livestock sector, mainly the cow—calf phase, explain about 75% of
the 2010 National GHG Inventory [8]. Cow—calf systems in the Campos region are char-
acterized by low pregnancy rates [9,10], and low calf weaning weight [11].

After the CoP21 meeting in Paris, there was a multinational agreement to act against
climate change and that includes interventions in the livestock sector, by reducing me-
thane emissions per unit of product (carbon footprint), in association with the promotion
of sustainable grazing practices, so that the associated benefits of pastoralism are not
sacrificed [3]. In this sense, using herbage mass efficiently by managing allowance per
animal, is a key mitigation option in beef cow—calf grazing systems that can increase beef
productivity and reduce carbon footprint [1].

Management practices adopted by some farmers such as improving grazing man-
agement by adjusting stocking rate seasonally [12], have the potential to mitigate GHG
emissions due to the direct effect on improvement of animal performance and thus, re-
sulting in lower GHG emissions per unit of output [13-16]. Recent experimental evidence
in Uruguay confirmed that optimizing herbage management by controlling seasonal
herbage allowance (HA, defined as kilograms of herbage dry matter (DM) per kilogram
of animal live weight (LW)) [4,17] increased pasture productivity, reproductive perfor-
mance and beef productivity in cow—calf systems [18-23]. This management generates
fluctuations in the production and accumulation of herbage that increases biomass in
spring and summer. The concept behind this strategy is to maintain greater herbage mass
during the grass growing season (spring and summer) to be consumed during the period
when herbage growth drops or becomes zero [20-22].

However, the impact of managing seasonal HA on methane emissions has not been
quantified yet even though methane (CH4) is the main GHG in cow calf systems [14].
Therefore, the aim of this study was to measure methane emissions related to enteric
fermentation and herbage intake from beef cows grazing on native grassland at two HA
(high, HHA and low, LHA) with seasonal variations, in order to estimate the methane
yield of this system. Our hypotheses were: 1) herbage mass and energy intake would be
higher in the high vs. low HA treatment, 2) methane yield would be lower in the high vs.
low HA treatments.

2. Materials and Methods
2.1. Experimental Treatments and Design

The experiment was conducted at the Bernardo Rosengurtt Research Station, Uni-
versidad de la Reptiblica, Uruguay (32°22" S, 54°26" W), from autumn to spring 2015. The
region (north-east of Uruguay) has a subtropical climate, very warm in summer but with
frosts in winter. The average of the coldest month (July) is 11.7 °C, and the average of the
hottest month (January) is 23.8 °C [24]. Average annual precipitation ranges between
1300 and 1400 mm, with a low variation between months. The soil moisture balance
shows periods of excess (precipitation higher than evapotranspiration) in autumn and
winter and deficits in summer [25].
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The experiment was on native grasslands that have been extensively studied as a
long-term research site [19]. Dominant warm-season grasses (C4) are Andropogon ternatus,
Axonopus affinis, Bothriochloa laguroides, Mnesithea selloana, Paspalum dilatatum, Paspalum
notatum, Paspalum plicatulum, Schizachyrium microstachyum, Sporobolus indicus, Steinchisma
hians. They contributed to 75%, 54%, 58% of total grasses in autumn, winter and spring,
respectively. Cool-season grasses (C3) are Nassella charruana, Nassella mucronata, Pipto-
chaetium stipoides. They represent 9%, 9%, 8% of total grasses in autumn, winter and
spring, respectively. These grasses (C3 and C4) provide the majority of livestock forage
[26].

Treatments consisted in two HA under continuous grazing, with seasonal varia-
tions. Herbage allowance, defined as kilograms of herbage dry matter (DM) per kilogram
of animal live weight (LW), was established according to the methodology of Sollen-
berger et al. [17]. High herbage allowance (HHA) was 8 kg DM/kg cattle LW, on average
(Autumn: 8; Winter: 4; Spring: 12, Summer: 8 kg DM/kg LW) and low herbage allowance
(LHA) was 5 kg DM/kg cattle LW, on average (Autumn: 4, Winter: 4, Spring: 8 and
Summer: 4 kg DM/kg LW). One month before the beginning of the study, forty pregnant
heifers Hereford and Aberdeen Angus with an initial mean body weight of 369 + 5.9 kg
and BCS of 4.3 + 0.08, were randomly assigned to each treatment (20 per treatment), ac-
cording to breed and body weight. In this trial, three 17-day sampling periods were
evaluated: autumn (May 4 to 21, mid gestation), winter (August 4 to 21, late gestation)
and spring (November 6 to 23, lactation). The experimental design was a randomized
complete generalized block with 2 blocks that represent different soils and two spatial
paddocks (replicates) per treatment and per block. Block 1 consisted of Hapludalfs and
Argiudolls soils and block 2 of Natruaqolls, Argiudolls and Hapluderts [27]. The area of
block 1 was 59 ha and block 2 was 48 ha. The average area per replicate was 13 +3.9 ha (4
paddocks/treatment; 5 experimental cows/paddock).

Animal procedures were approved by the Animal Experimentation Committee of
Universidad de la Republica (protocol code 021130-001151-14).

2.2. Grazing Management and Herbage Measurements

Before the beginning of the study, experimental cows were managed together and
offered the same total herbage allowance in a non-experimental area, with a similar bo-
tanical composition as the experimental area. During the trial, experimental animals re-
mained continuously grazing the paddock assigned initially.

HA was adjusted monthly, through the appraisal of available herbage and the “put
and take” method [28], using animals of the same physiological status and LW than ex-
perimental cows, that were added or removed to adjust animal LW to the intended HA.
To estimate herbage mass (kg DM/ha) and sward height (cm), the comparative yield
method was used [29], at each measurement date on each paddock. For this purpose, five
0.25 m? quadrants were used as reference to build a herbage mass scale (standards 1-5,
lowest to highest yield, respectively). The quadrat samples were collected in triplicate,
cut at ground level and dried at 60 °C to express the scale on DM basis. This scale was
used to determine regression equations to estimate sward herbage mass on the basis of
the assigned score. At the same time, sward height of each quadrant was measured with
a stick graduated in centimeters, at the maximum concentration of forage [30]. In each
paddock, the herbage mass and sward height were estimated on the basis of a minimum
of 100 visual scores generated by three trained observers.

For chemical analysis determination, a composite sample of the herbage was used.
The amount of sample material used in each composite was proportional to the fre-
quency of the corresponding standard point of the scale in each paddock.
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2.3. Animal Measurements

Once a month, experimental cows were weighted and BCS was determined, always
by the same experienced evaluator, using the 1-8 scale, [31]. Cow LWs were determined
in the morning without fasting [32], and then it was adjusted for uterine weight accord-
ing to days of gestation [33] based on calving date and assuming 280 days of gestation for
all cows. Calving date was September 14 + 15 days, on average, and they stayed with
their mothers for six months until weaning.

Individual herbage organic matter (OM) intake was determined using chromic ox-
ide (Cr20s) to estimate fecal OM output, and nitrogen (Nf) and acid detergent fiber
(ADFf) contents in feces (g/kg OM) to estimate OM digestibility (OMD) of ingested
herbage, according to the equation established by Comeron and Peyraud [34] for herb-
age-based diets (OMD = 0.791 + 0.0334 Nf-0.0038 FDAf). Animals were dosed once a day
with 10 g of Cr20s from day 1 to 12 of each period of measures. First seven days with the
aim of reaching a state of equilibrium at the ruminal level (stabilization period of the
marker). From day 8 to 12, feces were rectal-sampled and individual samples were oven
dried at 60 °C during 72 h in order to determine the DM content, the Cr2Os concentration,
and the chemical composition.

The enteric methane emission was measured using the sulfur hexafluoride (SFe)
tracer gas technique reported by Johnson & Johnson [35] and adapted by Gere and
Gratton [36] for a 5-day collection period. Methane sampling equipment and procedures
were as reported by Dini et al. [37]. Prior to the start of the first period (15 days earlier), a
permeation tube of SFes (with an average daily rate of 3.53 + 0.271 mg/d) was introduced
per os into the rumen of each animal. The breath gas samples were measured over five
days in each period (days 13 to 17). The breath gas sampling system consisted of two 0.5
L stainless steel collecting vessels per cow, with a ball-bearing inflow restrictor adjusted
to accumulate 0.5 bar of air sample during a 5-day period and a short tube used to con-
nect both. Both inflow restrictors were placed above the animal’s nostrils and protected
against water and dust. The two collecting vessels were fitted to each animal’s head by
means of especially designed halters. The equipment enabled us to obtain two meas-
urements of methane emission per cow and per period. Immediately prior to the sam-
pling period, each collecting vessel was evacuated (< 0.5 mb) after cleaning with high
purity nitrogen gas (N2). Additionally, an identical set as used with the cows was used to
collect background air samples during each 5-day period. The breath gas samples col-
lected were analyzed immediately after the end of the experimental period.

2.4. Chemical Analysis

All chemical analyses were conducted at the Laboratory of Animal Nutrition, Col-
lege of Agronomy, University of the Republic, Uruguay (UDELAR). All the dried sam-
ples were ground through a 1 mm screen before chemical analysis. The DM concentration
was determined by drying at 105 °C in an oven for 24 h and ash content was determined
by incineration at 600 °C for 4 h for organic matter (OM) calculation. The total nitrogen
was assayed using the Kjeldahl method (Method 984.13) [38] and expressed as crude
protein (CP, nitrogen x 6.25). Content of neutral detergent fiber (NDFom) and acid de-
tergent fiber (ADFom) were determined as described by Van Soest et al. [39], except that
the samples were weighted into filter bags and treated with neutral detergent solution
that included heat-stable amylase, in ANKOM equipment (ANKOM Technology, Mac-
edon NY, USA), and expressed as ash-free residues. Gross Energy (GE) was determined
using an adiabatic bomb calorimeter (Gallenkamp Autobomb; Loughborough, Leics,
UK). Chromium (Cr) concentration in fecal samples was determined by atomic absorp-
tion spectrophotometry (Perkin-Elmer 2380, Norwald, CT, USA), using air and an acety-
lene flame according to William et al. [40]. Chromium standards were combined with
fecal samples taken before the experiment began. CHs and SFs concentrations were de-
termined by gas chromatography on an AGILENT 7890 chromatograph. The samples
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were injected at once in two different setups. For CHs4, a 3 mL loop, a HP-PLOT Q column
and an FID detector were used. For SFs, a 10 mL loop, a HP-MOLSIV column, and an
ECD detector were used. Each sample was analyzed at least twice, and the average val-
ues were used to obtain methane concentration and methane emission. After having
chromatographic analyses of samples, CHs emission per animal was calculated using the
permeation rate of SFs tube and results obtained from concentration of CHs and SFs [35].

2.5. Statistical Analyses

Data were analyzed according to a complete randomized block design using the
SAS System program [41], with 2 blocks representing different soil types. Sward charac-
teristics and herbage chemical composition were analyzed using the MIXED procedure
with a mixed model that included HA treatment, period, block and their interactions as
fixed effects and paddocks as a random effect. Covariance structure used for the repeated
measures analysis was Spatial Power Law (SP (POW)) model.

Herbage intake, body weight, BCS and methane emissions were analyzed as re-
peated measures using the MIXED procedure with the unrestricted covariance structure
(UN) and the Kenward—Rogers procedure to adjust the denominator degrees of freedom.
The model included HA treatment, period, block and their interactions as fixed effects,
and paddock and cow as random effects.

Least square means were compared using the Tukey—Kramer test, and differences
were considered to be statistically significant at p < 0.05. Data are presented as least
square means * standard errors, in three seasons (autumn, winter and spring).

3. Results
3.1. Weather Parameters

Total precipitation was below normal (-16%) throughout the experimental period
(2015). In particular, in late summer/early autumn, rainfall accumulation was 50% less than
the historical average (1981-2014) for the region. Temperatures were similar to the 30-year
mean and greater than the long-term mean only in August 2015 (Figure 1).

35 500
30 450 )
—~ 400 g
g 25 350 &
£ 2 300 £
IS 250 2
g 15 200 %
5 10 150 2
= =y
5 100 §
50 &
0 0
,& ,{ﬁ C? oy (bﬁ <& 0\* ‘%\' Q} Q} Q} Q}
@5\0@ & Q\& S & & &
N Q%O Aad Q’f‘ @) & &E
i -~ 9
mmmm Average PP 1981-2014 PP 2015
----- Average Tmax 1981-2015 Average Tmax 2015
— = = Average Tmin 1981-2015 Average Tmin 2015

Figure 1. Monthly rainfall (PP) and maximum (Tmax) and minimum (Tmin) daily temperature during 2015 (solid lines)
at the experimental site (Cerro Largo, Uruguay), compared to historical average (1981-2015; dashed lines) [24].
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3.2. Herbage Mass, Height and Chemical Composition

There was an interaction between HA and season (p = 0.003, Table 1). In autumn and
winter there was no difference between HA treatments for herbage mass (1731 and 1022 kg
DM/ha on average), and sward height (5.8 and 3.8 cm on average). However, for spring, the
HHA had higher herbage mass (30%) and height (41%) than the LHA. Accordingly, both
herbage biomass and sward height differed between treatments, associated with greater ac-
cumulation of biomass during late spring (Table 1).

Table 1. Mean and standard error of the mean (SEM) of herbage mass, sward height and chemical composition of the
offered forage for high (HHA) and low (LHA) herbage allowance treatment and season (S), and their interaction (HA*S)
on native grasslands in Cerro Largo, Uruguay grazed by beef cows. Means within the same row followed by different
letters are significantly different at p <0.05.

Autumn Winter Spring p-Value
HHA LHA HHA LHA HHA LHA SEM HA S HA*S

Herbage mass (kg DM/ha)

1948 b 1515« 1134« 9104 41472 2910b 355.6 <0.001 <0.001 0.003

Sward height (cm) 6.5b 5.1 be 41¢ 34< 11.62 6.8° 0.77 <0.001 <0.001 <0.001
DM (%) 1 91 90 90 90 89 90 1.2 ns ns ns
OM (%) 2 85 86 86 89 89 90 44 ns ns ns
CP (%) ? 7b 7b 7b 6b 10a 10a 0.3 ns  <0.05 ns
NDF (%) 4 78 64 72 74 69 71 4.6 ns ns ns
ADF (%) ® 43 34 37 36 35 35 2.7 ns ns ns

GE (MJ/kg DM) 6 17 16 16 18 18 18 0.2 ns ns ns

! DM: Dry matter, 2 OM: Organic matter, 3 CP: Crude protein, * NDF: Neutral detergent fiber > ADF: Acid detergent fiber,

¢ GE: Gross energy.

Chemical composition of the offered pasture during the three measurement periods
(Table 1), was neither affected by treatments nor between periods, or their interaction, except
for the crude protein percentage (CP), which was greater and similar between treatments in
late spring (10%).

3.3. Digestibility and Intake

There was a significant interaction among OMD and season (p = 0.001, Table 2). Herbage
allowance did not affect OMD of the selected herbage during autumn and winter, but during
spring HHA had higher OMD than LHA. As a result, it was similar between treatments
(67.4% on average), but it differed among periods, showing a slightly lower value in autumn
(67.1% vs. 67.5% on winter and spring) (Table 2).

Organic matter intake (OMI) estimated from fecal output and digestibility of the se-
lected herbage was similar between treatments, but it differed among periods (6.2 kg OM/d
on autumn and winter on average, and 10.8 kg OM/d on spring, p <0.001) (Table 2).

On DM-basis, there was an interaction between treatments and season (p = 0.06), with
higher dry matter intake (DMI) in HHA (p = 0.05) during autumn (8.9 vs. 7.3 kg DM/d), and
spring (12.9 vs. 11.1 kg DM/d), while in winter there were no differences.

Both LW and BCS were similar between treatments (340 kg PV and 3.7 BCS, on aver-
age), but they differed among periods (p < 0.001). The lowest LW and BCS values were
reached in August (winter) (288 + 9.8 kg and 3.3 + 0.13), but in November (spring) a recovery
was observed (383 £ 9.6 kg and 3.8 + 0.13) (Table 2).
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Table 2. Mean and standard error of the mean (SEM) of fecal output, OMD, OMI and DMI per day, LW and BCS by grazing
pregnant heifers on high (HHA) and low (LHA) herbage allowance (HA) treatments in three seasons (S), and their interaction
(HA*S), on native grasslands in Cerro Largo, Uruguay. Means within the same row followed by different letters are signifi-

cantly different at p < 0.05.

Autumn Winter Spring - p-Value
] HHA LHA HHA LHA HHA 1IHA SEM HA S HA*S
Fecal output (kg OM/d) 23° 20° 190 2.1°b 3.6° 332 013 0370 <0.001  0.200
OMD ! (g/kg OM) 670« 672 b 673 675 6802 673 b 19 0390  0.003 0.001
OMI 2 (kg/d) 6.7° 6.1° 5.7°b 6.4° 1142 10.12 042 0300 <0.001  0.130
DMI 3 (kg/d) 89¢ 734 6.64 724 1292 11.1® 046 0050 <0.001  0.060
LW* (kg) 353° 345° 281 ¢ 295¢ 3802 3867 82 0687 <0.001 0449
BCS 4.0 40 3.2° 3.3°b 3.72 3.82 011 0744 <0.001  0.909

! Organic matter digestibility, 2 Organic matter intake, 3 Dry matter intake, * Live weight adjusted for uterine weight.

3.4. Methane Emission

Daily methane emissions did not differ between treatments, but there was an effect
of the measurement period, as spring values were higher than both autumn and winter
values. Conversely, percentage of gross energy in feed converted to methane (Ym) was
similar among treatments and between periods (7.4% on average). Methane yield as g
CHy/kg DMI (MY), was also similar between treatments, but it differed among periods
(21.7, 22.6 and 26.5 g methane/kg DMI, on autumn, winter, and spring, respectively)
(Table 3).

Table 3. Mean and standard error of the mean (SEM) of daily methane emission and methane yield by grazing pregnant
heifers on high (HHA) and low (LHA) herbage allowance (HA) treatments in three seasons (S), and their interaction
(HA*S), on native grasslands in Cerro Largo, Uruguay. Means within the same row followed by different letters are sig-
nificantly different at p <0.05.

Autumn Winter ‘ Spring - p-Value
] HHA LHA HHA LHA HHA LHA SEM HA S HA*S
Methane emission (g CHs/a/d) 170> 148> 140 160b 2942 329= 133 0.350 <0.001 0.080
Methane yield
as Gross Energy intake (Ym) 63> 72 76 75 72 862 057 0120 0.140 0.410
as g CHs/kg DMI (MY) 21.7> 21.7> 21.6b 237 2392 29712 200 0.150 0.040 0.400

4. Discussion

As expected, herbage mass was on average greater in HHA (2409 vs. 1778 + 356 kg
DM/ha in HHA and LHA, respectively, p <0.001). However, herbage accumulation only
differed between treatments in the spring. Variable weather conditions at the beginning
of the study, might have contributed to the lack of differences observed on herbage ac-
cumulation in early autumn among treatments (1731 kg DM/ha on average in autumn),
despite the higher herbage allowance assigned on HHA treatment (Table 1). As men-
tioned previously, at the beginning of the year 2015, in autumn, rainfall was below the
average historical records (Figure 1). Herbage accumulation on HHA treatment in au-
tumn might have been restricted by precipitation deficit, that was not override in winter
because of decreasing temperatures and photoperiod (1022 kg DM/ha on average in
winter for both treatments). During the spring season, when day length and tempera-
tures were favorable, herbage accumulation attained more than 3-fold increase compared
to the winter period on both treatments, associated to a better water balance in soil but
also, associated to the botanical sward characteristics of Campos grassland (predomi-
nance of C4 species) [42]. The different grazing management imposed in HHA resulted in
a 30 % higher biomass accumulation compared to LHA treatment. Sward height followed
the same trend as herbage biomass and reached 40% more height in HHA than in LHA
treatment (Table 1). Herbage allowance did not affect herbage chemical composition, as



Animals 2021, 11, 882

8 of 12

reported previously by Do Carmo et al. [19], for the same grasslands (Table 1). Herbage
NDEF (71 %) and ADF (37%) contents remained high all over the three periods of
measures, but CP content differed among periods, being greater in spring than in the
other two seasons (10 vs. 7% on average, in spring and autumn-winter, respectively)
associated to the regrowth stage of the summer grasses.

DMI value, which varies with the ash content of the sample herbage analyzed, dif-
fered between treatments, being higher in HHA in both autumn and spring, and with no
differences in winter (Table 2). However, herbage intake expressed as OMI (that is the
best estimator of energy intake) did not differ between HHA and LHA treatments in any
of the experimental periods, with an average of 7.7 kg OM/d. OMI according to animal
characteristics and herbage biomass per unit area in each season, were in agreement with
requirements calculated from the standards given by NRC [43]. On the other hand, OMI
was higher in spring (10.8 kg OM/d) than the other previous seasons (6.2 kg OM/d au-
tumn-winter on average, p < 0.01) (Table 2). Considering sward characteristics to im-
prove intake at grazing, several authors [44—48] reported that herbage biomass per unit
area between 1400 and 2500 kg DM/ha, and sward height between 7.5 and 13.5 cm, were
considered optimal to maximize cattle intake in native grasslands of Rio Grande do Sul
(southern Brazil). In this experiment, herbage biomass in autumn was close to reference
values reported by these authors (1731 kg DM/ha on average), but sward height re-
mained lower (5.8 cm on average, Table 1).

On the other hand, grazing management adjusting seasonally herbage allowance,
did have an effect on herbage mass accumulation and sward height in spring, but OMI
remained similar between treatments. In this season, we can assume that the herbage
allowance assigned to treatments (12 and 8 kg DM/kg LW) allowed cows to graze nearly
of their potential intake. Concerning selectivity, the herbage OM digestibility of herbage
consumed in spring differed among treatments (68.0 % vs. 67.3% for HHA and LHA,
respectively, Table 2), but the difference was not reflected in better live weight or BCS
for cows grazing HHA.

Enteric methane emissions values did not differ among treatments as neither the
quantity nor the quality of the herbage consumed by cows varied according to HA
treatments. However, season did have an effect associated with the increase in herbage
intake in spring (159, 150, 312 g CHs/day, on autumn, winter and spring, respectively),
doubling the other two periods. As forage consumed increased in spring, total methane
emissions were higher [48-50], but it must be said that methane measured in spring for
LHA was higher than expected considering the amount of OMI in this treatment. Daily
methane emissions ranges in this study were similar to prior research in cattle fed grasses
[51-57].

MY (g /kg DMI) averaged 23.6 g/kg DMI among treatments. This average was close
to 23.3 g/kg DMI provided by the Intergovernmental Panel on Climate Change (IPCC)
[58] for cattle with a diet based on forage and in agreement with previous results re-
ported by international literature for beef cows on native grasslands [59-61]. This value
of MY was higher than values reported earlier for dairy cows grazing temperate
grass-legume mixed pastures in Uruguay [37,62], likely due to the lower forage nutritive
value of the native pastures. Kamra et al. [63], suggest that there is a higher methane
production associated with feeding with C4 species, probably due to a higher content of
non-structural carbohydrates and lignin, lower intake and slower passage rate [64]. Ar-
chimede et al. [65] reported that C4 grass fiber tends to be more lignified and more re-
sistant to physical and microbial digestion compared to C3 grasses. So, it seems likely
that Campos grassland might produce greater amounts of methane per unit DMI than
template pastures, because of warm grasses predominance. Thus, methane as a propor-
tion of the ingested GE (Ym), resulted in 7.4 % on average between treatments and sea-
sons (autumn, winter and spring). From our results, Ym ranged within the default Tier 1
value of the IPCC [58] for cattle with more than 75 % of forage in the diet (7.0 % + 1.4), but
it was smaller than reported values averaging 7.9 % in native pastures [50].
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Methane emission factor (MEF) calculated using IPCC 2019 [58] (Tier 2 methodolo-
gy, eqn 10.21a) with data of this study results in 78 kg CHs/head/year, similar to values
obtained for beef heifers in Canada [66], but higher than the IPCC reference value for
methane emission from beef cattle in South America of 56 kg per animal per year. How-
ever, this average takes into account the entire beef production system, including fat-
tening and feedlot, so it would be expected to be higher for the cow—calf phase.

On the basis of the datasets available, a single, global MY value or percentage of
gross energy in feed converted to methane value, Ym, might not be appropriate for use in
Intergovernmental Panel on Climate Change (IPCC) greenhouse accounting methods
around the world. Therefore, ideally country specific MEF values should be used in each
country’s accounts (i.e., an IPCC Tier 2 or 3 approaches) from data generated within that
country [61]. Thus, the results obtained in this study for breeding systems in native
grasslands in Uruguay represent the first assessment to a national database on grazing
emissions from breeding cows aiming to improve the National GHG Inventory calcula-
tions.

5. Conclusions

Grazing management adjusted seasonally created fluxes in the production and ac-
cumulation of herbage that increased herbage mass in autumn and spring, mainly in
HHA treatment. However, herbage intake did not differ among herbage allowance
treatments. In autumn, herbage biomass per hectare was close to reference optimal val-
ues reported by the literature for Campos grassland, but sward height remained lower
and so canopy architecture probably affected herbage intake through their effect on the
ease of prehension of herbage. For spring season, we can assume that the herbage al-
lowance assigned allowed cows to graze nearly their potential intake in both treatments,
and so with no differences among them.

Since quantity and quality of herbage intake did not differ with herbage allowance,
methane yield remained similar between treatments and it was 23.6 g CHs/kg DMI or
7.4% on average. These values were higher than those reported earlier, likely due to the
lower forage nutritive value of the native pastures. The results obtained in this study for
cow—calf systems in native grasslands, during three relevant periods of the productive
cycle (medium gestation, final gestation, and lactation), provide unique information to
breeding systems in Campos grassland. However, it is crucial to analyze the animal
performance in stabilized pastures in terms of biomass per unit area and height accord-
ing to the herbage allowance evaluated in this work. Furthermore, it is necessary increase
the national database on grazing emissions from breeding cows, including more meas-
urements throughout the production cycle in natural grasslands with improved grazing
management.

Author Contributions: Conceptualization, V.P.; P.S. and L.A.; methodology, L.A. and P.S.; valida-
tion, L.A,, J.G. and V.P.; formal analysis, M.S5.0O. and L.A; investigation, M.S.O., C.L. and ].G.; data
curation, M.S.O.; writing—original draft preparation, M.S.O. and L.A.; writing—review and edit-
ing, M.S.0.; C.L,;J.G,; P.S,; V.P. and L.A.; visualization, M.5.0.; supervision, M.5.0.; project ad-
ministration, L.A. and V.P.; funding acquisition, V.P. and L.A. All authors have read and agreed to
the published version of the manuscript.

Funding: This research was funded by grants from the National Agency for Research and Innova-
tion (ANII) INNOVAGRO project 12906 (Sustentabilidad ambiental y resiliencia de la ganaderia en
campo natural frente a cambios en la intensidad de pastoreo), and the Faculty of Agrono-
my-UDELAR.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Animal Experimentation Committee of Univer-
sidad de la Reptiblica (protocol code 021130-001151-14, May 26th 2014).

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.



Animals 2021, 11, 882 10 of 12

Acknowledgments: The authors gratefully thank the staff of the Bernardo Rosengurtt Experi-
mental Station for all the assistance, and in special to Oscar Cacerest for the support provided
during all the research.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations: HA: Herbage allowance, DM: Dry matter, LW: Live weight, MY: Methane yield as
g CHas/kg DML, Ym: Methane yield as a percentage of Gross Energy intake, CHa: Methane, d: day,
OM: Organic matter, DMI: Dry matter intake, OMI: Organic matter intake, GHG: Greenhouse
gases, HHA: High herbage allowance, LHA: Low herbage allowance, SEM: Standard error of the
mean, S: Season.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Picasso, V.; Modernel, P.; Becofia, G.; Salvo, L.; Gutiérrez, L.; Astigarraga, L. Sustainability of meat production beyond carbon
footprint: A synthesis of case studies from grazing systems in Uruguay. Meat Sci. 2014, 98, 346-354.

Garnett, T.; Godde, C.; Muller, A.; R66s, E.; Smith, P.; de Boer, 1.J.M.; zu Ermgassen, E.; Herrero, M.; van Middelaar, C.E.;
Schader, C.; et al. Grazed and Confused? Ruminating on Cattle, Grazing Systems, Methane, Nitrous Oxide, the Soil Carbon
Sequestration Question—And What It All Means for Greenhouse Gas Emissions. FCRN. 2017. Available online:
https://edepot.wur.nl/427016 (accessed on 15 March 2018).

Manzano, P.; White, S.R. Intensifying pastoralism may not reduce greenhouse gas emissions: Wildlife-dominated landscape
scenarios as a baseline in life-cycle analysis. Clim. Res. 2019, 77, 91-97, doi:10.3354/cr01555.

Allen, V.G,; Batello, C.; Berretta, E.J.; Hodgson, J.; Kothmann, M.; Li, X.; Mclvor, J.; Milne, ]J.; Morris, C.; Peeters, A.; et al. An
international terminology for grazing lands and grazing animals. Grass Forage Sci. 2011, 66, 2-28.

Soriano, A. Natural Grasslands. Introduction and Western Hemisphere. In Rio de la Plata Grasslands; Coupland, R.T., Ed.;
Elsevier: Amsterdam, The Netherlands, 1991; pp. 367-407.

Carvalho, P.; Nabinger, C.; Lemaire, G.; Genro, C.; Feldman, S.; Oliva, G.; Sacido, M. Challenges and opportunities for livestock
production in natural pastures: The case of Brazilian Pampa Biome. In Diverse Rangelands for a Sustainable Society, IX Interna-
tional Rangeland Congress; Universidad de Rosario: Rosario, Argentina, 2011; pp. 9-15. Available online:
http://ainfo.cnptia.embrapa.br/digital/bitstream/item/48078/1/CarvalhoEtAl.2011.pdf

Modernel, P.; Dogliotti, S.; Alvarez, S.; Corbeels, M.; Picasso, V.; Tittonell, P.; Rossing, W.A.H. Identification of beef production
farms in the Pampas and Campos area that stand out in economic and environmental performance. Ecol. Indic. 2018, 89, 755
770.

MVOTMA (Ministerio de Vivienda Ordenamiento Territorial y Medio Ambiente, Direcciéon General de Medio Ambiente,
Unidad de Cambio Climatico). Available online:
https://www.gub.uy/ministerio-ambiente/politicas-y-gestion/inventarios-nacionales-gases-efecto-invernadero-ingei (accessed
on 15 August 2020).

MGAP (Ministerio de Ganaderia Agricultura y Pesca). Anuario Estadistico Agropecuario. 2014. Available online:
http://www.mgap.gub.uy/unidad-ejecutora/oficina-de-programacion-ypoliticas-agropecuarias/publicaciones/anuarios-diea/a
nuario-2014 (accessed on 20 July 2020).

Montossi, F.; Soares de Lima, J.M. Después de 20 afios de crecimiento de la ganaderia del Uruguay: Desarrollo de propuestas
tecnoldgicas desde la cria para el préximo salto productivo. Rev. INIA 2011, 26, 31-38.

Quintans, G.; Vazquez, A.IL; Weigel, K.A. Effect of suckling restriction with nose plates and premature weaning on postpartum
anestrous interval in primiparous cows under range conditions. Anim. Reprod. Sci. 2009, 116, 10-18,
doi:10.1016/j.anireprosci.2008.12.007.

Soca, P.; Carriquiry, M.; Claramunt, M.; Gestido, V.; Meikle, A. Metabolic and endocrine profiles of primiparous beef cows
grazing native grassland. 1. Relationships between body condition score at calving and metabolic profiles during the transition
period. Anim. Prod. Sci. 2014, 54, 856-861, doi:10.1071/AN13250.

Thornton, P.K.; Herrero, M. Potential for reduced methane and carbon dioxide emissions from livestock and pasture man-
agement in the tropics. Proc. Natl. Acad. Sci. USA 2010, 46, 19667-19672.

Becofia, G.; Astigarraga, L.; Picasso, V. Greenhouse gas emissions of beef cow-calf grazing systems in Uruguay. Sustain. Agric.
Res. 2014, 3, 89-105.

Savian, ].V.; Tres Schons, R.M.; Marchi, D.E.; Silva de Freitas, T.; da Silva Neto, G.F.; Mezzalira, ].C.; Berndt, A.; Bayer, C.; de
Faccio Carvalho, P.C. Rotatinuous stocking: A grazing management innovation that has high potential to mitigate methane
emissions by sheep. J. Clean. Prod. 2018, 186, 602—-608, d0i:10.1016/j.jclepro.2018.03.162.

de Souza Filho, W.; de Albuquerque Nunes, P.A.; Santiago Barro, R.; Robinson Kunrath, T.; Menezes de Almeida, G.; Moraes
Genro, T.C.; Bayer, C.; de Faccio Carvalho, P.C. Mitigation of enteric methane emissions through pasture management in in-
tegrated crop-livestock systems: Trade-offs between animal performance and environmental impacts. J. Clean. Prod. 2019, 213,
968-975, d0i:10.1016/j.jclepro.2018.12.245.

Sollenberger, L.; Moore, J.; Allen, V.; Pedreira, C. Reporting herbage allowance in grazing experiments. Crop Sci. 2005, 45, 896-900.



Animals 2021, 11, 882 11 of 12

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

46.

Soca, P.; Carriquiry, M.; Do Carmo, M.; Scarlato, S.; Astessiano, A.L.; Genro, C.; Claramunt, M.; Espasandin, A.C. Oferta de
Forraje del Campo Natural y Resultado Productivo de los Sistemas de Cria Vacuna del Uruguay: I Produccion, Uso y Conversién del Forraje
Aportado por Campo Natural; Quintans, G., Scarsi, A., Eds.; Seminario de Actualizaciéon Técnica: Cria Vacuna; Revista INIA:
Montevideo, Uruguay, 2013; pp. 97-118.

Do Carmo, M.; Sollenberger, L.E.; Carriquiry, M.; Soca, P. Controlling herbage allowance and selection of cow genotype im-
prove cow-calf productivity in Campos grasslands. Prof. Anim. Sci. 2018, 34, 32—-41.

Wales, W.J.; Doyle, P.T.; Stockdale, C.R.; Dellow, D.W. Effects of variations in herbage mass, allowance, and level of supple-
ment on nutrient intake and milk production of dairy cows in spring and summer. Aust. J. Exp. Agric. 1999, 39, 119-130.

Do Carmo, M. Efecto de la Oferta de Forraje y Genotipo Vacuno Sobre la Productividad de la Cria Vacuna en Campos de
Uruguay. Master’s Thesis, Facultad de Agronomia, Universidad de la Reptiblica, Montevideo, Uruguay, 2013; p. 74
Claramunt, M.; Fernandez-Foren, A_; Soca, P. Effect of herbage allowance on productive and reproductive responses of pri-
miparous beef cows grazing on Campos grassland. Anim. Prod. Sci. 2017, doi:10.1071/AN16601.

Casal, A.; Astessiano, A.L.; Espasandin, A.C.; Trujillo, A.L; Soca, P.; Carriquiry, M. Changes in body composition during the
winter gestation period in mature beef cows grazing different herbage allowances of native grasslands. Anim. Prod. Sci. 2017,
57,520-529, doi:10.1071/AN14984.

INUMET (Instituto Nacional de Meteorologia). Available online:
https://www.inumet.gub.uy/index.php/institucional/transparencia/solicitud-informacion-meteorologica (accessed on 15
March 2016).

INTA GRAS (Instituto Nacional de Investigacion Agropecuaria). Available online: http://www.inia.uy/gras/ (accessed on 25
March 2020).

Caram, N. Patrén de Defoliacién de Comunidades de Campo Natural Bajo dos Ofertas de Forraje. Master’s Thesis, Facultad de
Agronomia, Universidad de la Reptblica, Montevideo, Uruguay, 2019; p. 97

Duran, A.; Califra, A.; Molfino, J.H.; Lynn, W. Keys to Soil Taxonomy for Uruguay; U.S. Department of Agriculture, National
Resources Conservation Service: Montevideo, Uruguay, 2005.

Mott, G.O. Grazing pressure and the measurement of pasture production. In Proceedings of the Eighth International Grassland
Congress, University of Reading, Berkshire, England, 11-21 July 1960.

Haydock, K.P.; Shaw, N.H. The comparative yield method for estimating dry matter yield of pasture. Aust. |. Exp. Agric. Anim.
Husb. 1975, 15, 663-670.

Hodgson, J. Grazing Management: Science into Practice. In Longman Handbooks in Agriculture; Longman Scientific & Technical,
Harlow: Essex, UK. 1990; p. 203, ISBN 0 582 45010 1.

Vizcarra, J.A.; Ibafiez, W.; Orcasberro, R. Repetibilidad y reproductibilidad de dos escalas para estimar la condicién corporal de
vacas Hereford. Investig. Agronémicas 1986, 7, pp 45—47.

Coates, D.B.; Penning, P. Measuring animal performance. In Field and Laboratory Methods for Grassland and Animal Production
Research; Mannetje, L.T., Jones, R.M., Eds.; CAB International: Wallingford, UK, 2000; pp. 353—402.

Ferrell, C.L.; Garrett, W.N.; Hinman, N. Growth, development and composition of the udder and gravid uterus of beef heifers
during pregnancy. |. Anim. Sci. 1976, 42, 1477-1489.

Comeron, E.; Peyraud, ]. Prediction of herbage digestibility ingested by dairy cows. Rev. Arg. Prod. Anim. 1993, 13, 23-30.
Johnson, K.A.; Johnson, D.E. Methane emissions from cattle. J. Anim. Sci. 1995, 73, 2483-2492, d0i:10.2527/1995.7382483x.

Gere, ].; Gratton, R. Simple, low-cost flow controllers for time averaged atmospheric sampling and other applications. Lat. Am.
Appl. Res. 2010, 40, 377-382.

Dini, Y.; Gere, J.; Briano, C.; Manetti, M.; Juliarena, P.; Picasso, V.; Astigarraga, L. Methane emission and milk production of
dairy cows grazing pastures rich in legumes or rich in grasses in Uruguay. Animals 2012, 2, 288-300.

AOAC (Association of Official Analytical Chemists). Official Methods of Analysis, 15th ed.; AOAC: Arlington, VA, USA, 1990;
pp. 770-771.

Van Soest, P.J.; Roberston, J.B.; Lewis, B.A. Methods for dietary fiber, neutral detergent fiber and nonstarch polysaccharides in
relation to animal nutrition. J. Dairy Sci. 1991, 74, 3583-3597.

William, C.; David, D.; Lismoa, O. The determination of chromic oxide in fecal samples by atomic absorption spectrophotom-
etry. J. Agric. Sci. 1962, 59, 381-385.

SAS Institute, Inc. The SAS System for Windows; Version 8.2; SAS Institute, Inc.: Cary, NC, USA, 2001.

Rosengurtt, B. Tabla de Comportamiento de las Especies de Plantas de Campos Naturales en el Uruguay; Universidad de la Reptuiblica:
Montevideo, Uruguay, 1979.

NRC (National Research Council). Nutrient Requirements of Beef Cattle, 7th ed.; National Academy Press: Washington, DC, USA,
2000; 248 p.

Santos, D.T. Manipulacdo da Oferta de Forragem em Pastagem Natural: Efeito Sobre o Ambiente de Pastejo e o Desenvolvi-
mento de Novilhas de Corte. Tese de Doutorado. Programa de Pés-Graduagdo em Zootecnia. Ph.D. Thesis, Faculdade de
Agronomia, Universidade Federal do Rio Grande do Sul, Porto Alegre, Brasil, 2007; p. 259

Gongalves, E.N.; Carvalho, P.C.F.; Gongalves, C.E.; Teixeira, D.; Queirolo, ].A.; Baggio, C.; Nabinger, C. Rela¢bes planta-animal
em ambiente pastoril heterogéneo etpadrdes de desfolhagao e selecdo de dietas. Rev. Bras. Zootec. 2009, 38, 611-617.

Carvalho, P.C.F. Can grazing behaviour support innovations in grassland management? In Proceedings of the 22nd Interna-
tional Grassland Congress, Sydney, Australia, 15-19 September 2013; pp. 1134-1148.



Animals 2021, 11, 882 12 of 12

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Da Trindade, J.K.; Neves, E.P.; Pinto, C.E.; Bremm, C.; Mezzalira, J.C.; Nadin, L.B.; Genro, T.C.M.; Gonda, H.L.; Carvalho,
P.CF. Daily Forage Intake by Cattle on Natural Grassland: Response to Forage Allowance and Sward Structure. Rangel. Ecol.
Manag. 2016, 69, 59-67, d0i:10.1016/j.rama.2015.10.002.

Jonker, A.; Molano, G.; Koolaard, J.; Muetzel, S. Methane emissions from lactating and non-lactating dairy cows and growing
cattle fed fresh pasture. Anim. Prod. Sci. 2017, 57, 643, doi:10.1071/AN15656.

Dall-Orsoletta, A.; Leurent-Colette, S.; Launay, F.; Ribeiro-Filho, H.; Delaby, L. A quantitative description of the effect of breed,
first calving age and feeding strategy on dairy systems enteric methane emission. Livest. Sci. 2019, 224, 87-95,
doi:10.1016/j.livsci.2019.04.015.

Alvarado-Bolovich, V.; Medrano, J.; Haro, J.; Castro-Montoya, ].; Dickhoefer, U.; Gomez, C. Enteric methane emissions from
lactating dairy cows grazing cultivated and native pastures in the high Andes of Peru. Livest. Sci. 2021, 243, 104385,
doi:10.1016/j.livsci.2020.104385.

McCaughey, W.P.; Wittenberg, K.; Corrigan, D. Methane production by steers on pasture. Can. J. Anim. Sci. 1997, 77, 519-524,
doi:10.4141/A96-137.

McCaughey, W.P.; Wittenberg, K.; Corrigan, D. Impact of pasture type on methane production by lactating beef cows. Can. J.
Anim. Sci. 1999, 79, 221-226, d0i:10.4141/A98-107.

DeRamus, H.A.; Clement, T.C.; Giampola, D.D.; Dickison, P.C. Methane emissions of beef cattle on forages. |. Environ. Qual.
2003, 32, 269-277, doi:10.2134/jeq2003.2690.

Pinares-Patifio, C.S.; Baumont, R.; Martin, C. Methane emissions by Charolais cows grazing a monospecific pasture of timothy
at four stages of maturity. Can. J. Anim. Sci. 2003, 83, 769-777, doi:10.4141/A03-034.

Pinares-Patifio, C.S.; D’'Hour, P.; Jouany, J.-P.; Martin, C. Effects of stocking rate on methane and carbon dioxide emissions
from grazing cattle. Agric. Ecosyst. Environ. 2007, 121, 3046, doi:10.1016/j.agee.2006.03.024.

Richmond, A.S.; Wylie, A.R.G.; Laidlaw, A.S.; Lively, F.O. Methane emissions from beef cattle grazing on semi-natural upland
and improved lowland grasslands. Animal 2015, 9, 130-137, doi:10.1017/51751731114002067.

Zubieta, A.S.; Savian, J.V.; de Souza Filho, W.; OsorioWallau, M.; Marin Gémez, A.; Bindelle, J.; Bonnet, O.J.F.; de Faccio Car-
valho, P.C. Does grazing management provide opportunities to mitigate methane emissions by ruminants in pastoral ecosys-
tems? Sci. Total Environ. 2021, 754, 142029, doi:10.1016/j.scitotenv.2020.142029.

IPCC (Intergovernmental Panel on Climate Change). 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse
Gas Inventories. Chapter 10. Emissions from Livestock and Manure Management. 2019. Available online:
www.ipcc.ch/report/2019-refinement-to-the-2006-IPCC-guidelines-for-national-greenhouse-gas-inventories (accessed on 16
February 2020).

Molano, G.; Clark, H.; Knight, T.W.; Cavanagh, A. Methane emissions from growing beef cattle grazing hill country pasture.
Proc. N. Zealand Soc. Anim. Prod. 2006, 66, 172-175.

Ricci, P.; Rooke, J.A.; Nevison, I.; Waterhouse, A. Methane emissions from beef and dairy cattle: Quantifying the effect of
physiological stage and diet characteristics. J. Anim. Sci. 2013, 91, 5379-5389.

Cottle, D.J.; Eckard, R.J. Global beef cattle methane emissions: Yield prediction by cluster and meta-analyses. Anim. Prod. Sci.
2018, 58, 2167-2177, doi:10.1071/AN17832.

Loza, C. Consumo, Gasto Energético y Emisiones de Metano de Vacas Lecheras Pastoreando a Diferentes Biomasas. Master’s
Thesis, Facultad de Agronomia, Universidad de la Republica, Montevideo, Uruguay, 2017; p. 83

Kamra, N.D.; Agarwal, N.; Chaudhary, L.C. Effect of tropical feeds and plants containing secondary metabolites on methane
emission by ruminants. Trop. Anim. Health Prod. 2010, 1701, 1-23.

McAllister, T.A.; Okine, E.K.; Mathison, G.W.; Cheng, K.J. Aspects 1lil-en]lires,Environnementaux et microbiologiques de la
production de methane chez les ruminiantts. Can. J. Anim. Sci. 1996, 76, 231-243, doi:10.4141/cjas96-035.

Archimede, H.; Eugene, M.; Marie Magdeleine, C.; Boval, M.; Martin, C.; Morgavi, D.P.; Lecomte, P.; Doreau, M. Comparison
of methane production between C3 and C4 grasses and legumes. Anim. Feed Sci. Technol. 2011, 166, 59-64.

Raymond, A F. Investigating the Carbon Footprint of Cattle Grazing the lac du Bois Grasslands: The Effects Changes in Man-
agement May Have on Reducing and Removing GHG Emissions, and Opportunities for BC Ranchers to explore Carbon Offset
Opportunities. Master’s Thesis, Thompson Rivers University, British Columbia, Canada, 2013; p. 127



	1. Introduction
	2. Materials and Methods
	2.1. Experimental Treatments and Design
	2.2. Grazing Management and Herbage Measurements
	2.3. Animal Measurements
	2.4. Chemical Analysis
	2.5. Statistical Analyses

	3. Results
	3.1. Weather Parameters
	3.2. Herbage Mass, Height and Chemical Composition
	3.3. Digestibility and Intake
	3.4. Methane Emission

	4. Discussion
	5. Conclusions
	References

