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a  b  s  t  r  a  c  t

When  studying  the  effects  of changing  the  feeding  schedule  of Holstein  steers  grazing  in
a  pure  oat field,  it was  observed  that  the fecal  matter  of animals  grazing  in  the morning
emitted  much  more  methane  than  that  of  steers  grazing  in the afternoon.  Feces  from  two
groups of  10  steers  with  different  feeding  schedules  were  collected  on the  same  day  and
separately  mixed  to form  two  composite  samples.  Then,  five  sub-samples  of each  composite
sample  were  randomly  placed  on the  oat  field  and  CH4 emissions  were  measured  after
deposition  for  27 days.  The  difference  in  the  emissions  was  in  qualitative  agreement  with
the pronounced  loss  of  organic  matter  from  the morning  samples  during  the  experimental
period.

© 2014  Elsevier  B.V.  All  rights  reserved.

. Introduction

The livestock sector represents approximately 12–18% of the total anthropogenic greenhouse gases emission (GHG)
Steinfeld et al., 2006). However, according to inventory data, in Argentina this sector is responsible for 44.3% of the total
nthropogenic emission (República Argentina, 2007); 72% of this fraction corresponds to CH4 and 28% to N2O. Most of the
H4 emission is due to enteric fermentation and only 1% to anaerobic fermentation of animal feces. It should be noted
hat GHC anthropogenic emissions in Argentina are estimated at 0.9% of the total world GHC emissions, but the country
opulation is only 0.56% of the total world one.

The National Inventory assumes an average emission factor of 1 kg CH4/head/year for the contribution of fecal matter
FM) deposited by freely grazing cattle, the most important feeding system in Argentina. However values in this country
ad not been measured before the present work. Other authors elsewhere have published values of the above order: e.g.,

lessa et al. (2002) mentioned that the total CH4 emission from patches of grazing cattle manure would be in the order of
.5 g/kg dry matter of feces; Jarvis et al. (1995) found values of 0.14–1.10 g CH4/kg dry matter of feces for cows fed with
orage diets with a low ratio C/N. Anyway, the CH4 emission depends on the physical form of the feces (shape, size, density,

Abbreviations: GHG, greenhouse gases; FM,  fecal matter; M,  morning group; A, afternoon group.
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humidity), the amount of digestible material, the climate (temperature and humidity) and the time they remained intact
(González-Avalos and Ruiz-Suárez, 2001; Saggar et al., 2004; De Klein and Eckard, 2008).

In Argentina, there is emerging concern over environmental issues related to livestock and there are local initiatives to
evaluate GHG emissions from this sector (Bárbaro et al., 2008; Huarte et al., 2010; Williams et al., 2010). These initiatives
will enable us to contribute to the understanding of the current risks and the specific vulnerability of different regions.
This understanding would be useful to predict the future scenarios to which a production system should be adapted in a
particular geographical area in the short, medium and long term.

In order to provide information on emissions from feces of grazing cattle under Argentinian conditions, we have carried
out an experiment to evaluate differences in CH4 emissions from steers with different feeding schedules grazing on an oat
field. Here we present the values of CH4 emission from the FM deposited by the animals involved in the experiment. We
finally discuss the potential interest of these results.

2. Materials and methods

2.1. Experimental design

Methane emissions from patches of feces in oat pastures (37.32 S, 59.08 W)  were measured within the context of an
experiment designed to compare morning and afternoon feeding of steers on identically sown oat plots.

During September 2012 (spring in the Southern Hemisphere), a herd of 20 Holstein steers weighing 210–220 kg was
divided in two groups of 10, and allowed to graze in two  adjacent but separated paddocks. The pasture was  in the vegetative
stage and it was the only nutritional source provided. The access to the pasture was  between 8:00 and 13:00 h for the
morning group (M), and between 14:00 and 19:00 h for the afternoon group (A).

The average temperature during the measurements was 14.6 ◦C, with an average daily maximum of 20.2 ◦C and an average
daily minimum of 9.0 ◦C.

On October 2nd, after a 20-day adaptation period, fresh FM deposited by all animals from the M lot were collected at
13:00 h, and mixed to form a composite sample, M sample. Immediately after that, the M sample was  divided in five 1 kg
sub-samples. Each sub-sample was deposited on the soil within the same oat field, inside cylindrical PVC tubes (16 cm
diameter and 25 cm length) open at both ends; the tubes were driven into the soil to a depth of around 5 cm in locations
randomly selected. In each cylinder, FM formed a homogeneous layer of approximately 7 cm of height simulating a natural
deposition.

The same procedure was conducted for lot A, but the A sample was collected and mixed at 19:00 on the same day.
Furthermore, another cylinder (control chamber) was driven nearby into the oat field, containing a composite sample of FM
from all animals to monitor the temperature of FM during the measurements.

The cylinders were kept open at the top and they were closed only during the measurement periods. The first measure-
ments were between 10:00 and 12:00 h on October 3rd, for both A and M samples.

Finally, five stainless steel cylinders were driven 5 cm into the soil of the same oat field near the PVC cylinders to measure
CH4 fluxes at the soil surface during the experimental period.

2.2. Methane fluxes measurements

During the entire month of October, and every 2–3 days, CH4 emission from the 10 sub-samples was measured.
Cylinders were closed only during measurements to accumulate the emitted methane in the head-space limited by the

soil and a lid fitted with a valve for air sample extraction. A fan attached to the lid ensured air mixing. In other words, the
closed cylinder worked as an accumulation chamber.

After chamber closure, four air samples of 20 ml  were sequentially withdrawn at regular time intervals. The time interval
in the first day of the experiment was 5 min, however when the emission rate began to fall down after some days, the time
interval was extended up to 20 min. These samples were stored in 20-ml syringes with a three-way stopcock, at a pressure
slightly higher than the atmospheric. The syringes had been previously cleaned with pure N2.

In this way, from the 10 FM sub-samples, a total of 40 air samples were obtained in each measurement. This procedure
was always carried out between 10:00 and 11:00 h; the emission rate in this time interval is currently considered as a daily
average in measurements of fluxes from soil to atmosphere (Parkin and Venterea, 2010).

Methane fluxes at feces–atmosphere interface were calculated from the linear regression of the varying CH4 concentration
versus time in the chambers.

The FM temperature was measured by using a temperature data logger ibutton DS1921G in the control chamber which

remained closed for the same period as that of the other 10 chambers. Besides, soil and air temperature were also measured
during the same period and their values were used to calculate mass fluxes.

A similar procedure was used to measure CH4 flux at soil–atmosphere interface by using the stainless steel chambers. In
this case the chambers remained closed during 60 min.
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ig. 1. (a) Variation of methane emission and temperature of fecal matter (FM) from grazing steers during the daytime. (b) Emission rate CH4 as a function
f  temperature, and the corresponding logarithmic regression.

.3. Chromatographic analysis

Analyses were carried out within 2 or 3 h after collection, by using a gas chromatograph (GC, Agilent, 7890A) equipped
ith an FID and a 1.8-m Porapak Q (80/100 mesh) column. The oven, injector and detector temperatures were 50 ◦C, 250 ◦C

nd 250 ◦C, respectively. The flow rate of the carrier gas (He) was 30 ml  min−1. Flame gases (H2 and O2) were set at 30 and
00 ml  min−1. The detection limit was below 1 ppm and concentrations were determined with an accuracy of 0.02 ppm. All
amples were analyzed in duplicate.

.4. Chemical analyses of fecal matter

Samples M and A were analyzed at the beginning and at the end of the experiment.
We carried out analyses of pH (with pH Test Strips), moisture (by drying at 60–65 ◦C during 3 days until constant weight),

rude protein (by micro-Kjeldahl), and ash (by heating at 550 ◦C during 24 h until constant weight).

.5. Variation of methane emission from FM during the daytime

By using the same procedure as above, we measured the methane emission from a layer of FM from a single chamber
very 2 h between 6:00 till 22:00 h. In order to minimize errors in the determinations, the chamber with higher emission
ate was chosen for the experiment.

To ensure a reasonable time resolution, the four air samples corresponding to each emission rate determination were
xtracted along 15 min  after the chamber closure. The FM temperature was recorded throughout the experiment by means
f a temperature data logger ibutton DS1921G placed in the control chamber.

.6. Statistical calculations

Origin Lab 6.0 software was used to calculate the slopes of the linear regressions for all sets of CH4 concentrations in the air
amples sequentially extracted from each chamber. This provided five values for the flux on each lot per day, corresponding
o different sub-samples. These flux values were treated as single experimental results. Then average fluxes for each lot were
omputed together with the corresponding dispersion. The differences of the fluxes between lots were investigated with a
est of variance (Test LSD Fisher,  Infostat statistical software).

. Results and discussion

The variation of the methane emission and the feces temperature over time can be seen in Fig. 1a. The maximum of the
mission rate was obtained at the highest day temperature. During the experiment, the temperature varied between 12 and
1 ◦C, while it remained constant across the remaining time interval, from 22:00 to 6:00 h. By assuming that the methane
mission rate was also constant in this interval, a calculation of the daily average rate shows that the rate between 10:00

nd 12:00 h is close to the day average. Therefore, as it occurs in the case of methane flux measurements at soil–atmosphere
nterface, this is the best choice when only one measurement per day is planned (Parkin and Venterea, 2010).

Fig. 1b shows the emission rate as a function of temperature and the corresponding logarithmic regression. The results are
onsistent with the findings of Williams (1993) on the influence of temperature on methanogenesis in feces. In the present
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Fig. 2. CH4 emissions from fecal matter (FM) from steers grazing in the morning (M) and in the afternoon (A) after deposition in the field (October 2012).
Standard errors are shown as vertical bars.

assay, the value of Q10 was 2.70, slightly larger than the value given in his work, but the temperature range was  also wider
(18 ◦C).

Fig. 2 shows the average emission rate and the dispersion between the five chambers of each group across 27 days.
The striking result is the 6-fold difference between methane emission rates from feces deposited by animals grazing in
the morning (lot M)  and animals grazing in the afternoon (lot A). The magnitude of this difference makes it difficult to be
attributed to interanimal variations. However, individual samples should be used in future studies. Except for the first day,
the time evolution is similar, with a peak around 7–8 days after deposition, but the rates corresponding to lot M are much
larger than those of lot A. We  attribute the inverse methane emission results of the first day to the time lapsed between
deposition and measurements, which became negligible in the following days.

Table 1 gives the total methane emissions calculated from the rates measured in each group of chambers and shows also
the dispersion for both lots. The FM samples from animals fed in the morning emitted on average, 6 times more methane
than the FM samples from the animals fed in the afternoon. The difference is very remarkable taking into account that the
animals and the environment (including the soil) are the same, and so is the plant grazed (oat).

It is well documented that, due to the balance between photosynthesis and respiration, the composition of the herbage
changes along a day with the content of soluble carbohydrates increasing from sunrise to sunset (Delagarde et al., 2000).
Therefore, it would be expected that if animals are given access to a new strip of pasture in the morning rather than in the
afternoon they would consume diets with different chemical composition which would affect the chemical composition
of the feces and, in turn, the methane emission. Nevertheless, to our knowledge, similar large differences have not been
previously reported.

To compare the above results with the emission factor from feces used in the Argentine National Inventory (1 kg
CH4/head/year) it is necessary to have an estimation of fresh feces deposited by each animal per day. Based on previous
studies performed in similar conditions (Sánchez Chopa et al., 2009), expected amount for steers may  be around 1.5–2.2 kg
dry matter/day, so the measured values must be multiplied by 2*365 = 730 kg/year. Consequently, the total CH4 emission
can be estimated to be 0.067 kg CH4/head/year for lot M and 0.012 kg CH4/head/year for lot A. These results agree with the
published data quoted in Section 1 (see Table 1).

Although, this CH4 total emission was very small compare to a typical emission due to ruminal fermentation. In the same

region, a daily ruminal methane emission was in the order of 170 g/day/head (Bárbaro et al., 2008, steers weighing about
280 kg). Other values given for the ratio CH4 from FM over CH4 from rumen are below 1% for grazing cows.

Table 1
Total CH4 emissions from fecal matter (FM) and dry matter (DM) from steers grazing in the morning (M)  and in the afternoon (A) after deposition in the
field  over measurement periods (27 days).

M A P-value

Methane production
mg/kg FM

92.24 16.13 <0.001

SD  16.12 6.02
CV  (%) 17.48 37.32
Methane production

mg/kg DM
576.5 89.6
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Table  2
Physicochemical characteristics: dry matter (DM), crude protein (CP), ash and organic matter (OM) (% of the DM) of fecal samples used to determine CH4

emissions. (M)  Morning group and (A) afternoon group.

Initial conditions Final conditions

M A M A

pH 7 6–7
DM  (%) 16 18 71.5 77.8
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CP  (%) 15.4 13.7 20.4 20.3
Ash  (%) 24.6 32.3 35.6 32.9
OM  (%) 75.4 67.7 64.4 67.1

The CH4 flux at the soil–atmosphere interface, was  weak and negative, and thus indicated small uptake. The average
ptake value was about 2 ng/m2/s and, in consequence, it was  not included in the estimation of methane emission from FM.

The chemical composition of the FM composite samples is given in Table 2. The pH, dry matter, crude protein, ash and
rganic matter content, were analyzed at the beginning and at the end of the experiment.

The main difference between the two lots was the loss of a considerable fraction of organic matter in lot M (11%) which
as not observed in lot A. Part of this loss is very likely emitted in a form of CH4 and therefore is qualitatively consistent
ith the reported difference in CH4 emission.

. Conclusions

Methane emission from FM deposited by grazing cattle is a small contribution to pastoral systems GHG emission, which
s mainly due to ruminal processes. The above-mentioned results from a region where methane emission from feces had not
een studied before, confirm this assertion, providing values below 0.5% for the ratio between fecal and ruminal emissions.
urthermore, the results obtained in the present work are considerable smaller than the values used in the Argentine National
nventory but they are in the same order of magnitude those published elsewhere.

However, the experiment here described has produced an unexpected and potentially important result: there was  a
ignificant relative difference in the CH4 emitted from the fecal samples between those deposited by steers grazing oat in
he vegetative period during the morning (lot M),  and those from steers grazing the same oat field in the afternoon (lot A)
nder identical conditions. The effect is consistent with a higher loss of dry organic matter in the feces from lot M.

Even if the generality of these results for other pastures or different stages should be verified, the results here presented
ay be important.
In non-pastoral feed systems, methane emissions from FM are relevant. Therefore, it is interesting to pose the question

hether similarly marked changes could be obtained from pastoral systems with different kinds of pasture or different
eeding schedules. Besides, the other GHG emissions from feces should also be measured because they may  significantly
ontribute to GHG emissions in grazing systems.

The present results suggest that the origin of the differences in digestive processes related to the changes in the status of
astures across the day deserves study in its own right.
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