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Abstract We conducted an inventory to estimate methane (CHy) and nitrous oxide (N,O)
emissions from beef cattle feedlot manure in Brazil for the year of 2010. The aim was to
determine (CH,4) and (N,O) emissions from beef cattle feedlot manure in Brazil using the IPCC
United Nations Intergovernmental Panel on Climate Change approach and present a framework
that structures priority research for decreasing uncertainties and assessing mitigation scenarios.
The analysis consisted of the use of specific farm-scale activity data applied to the 2006 (IPCC)
guideline equations for animal manure management updated with specific parameters for Brazil
conditions. Uncertainties were assessed by error-propagation technique. The results indicated
that 376.6 GgCO,eq were emitted from the manure management of beef cattle feedlots in Brazil
in 2010. Nitrous oxide accounted for 61 % of total emissions, out of which 69 % came from
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direct emissions. Uncertainties were high, comprising —30 to +80 %. Solid storage-heap and
field application were the largest sources of greenhouse gas (GHG) emissions (81 % of total
emissions) and held most of the variance in uncertainties. Although, due to limitations in the
IPCC methodology for integrating GHG emissions at farm-scale, we could not account for
emissions occurring from different lengths of time in each manure management compartment
prior to field application. As a consequence, this GHG inventory lacks consistence. The use of
more robust methodologies such as process-based models are recommended for improvements,
however they are currently unavailable because there is a lack of key data for Brazil conditions
for validating those models. Our literature revision shows that the most effective research for
raising those data would track emissions from manure: generated from male Nellore (Bos
Indicus) cattle fed for 90 days with a high-energy diet, removed only at the end of feeding
period and held in heaps over 60 days before being applied to maize (Zea mays L.) cropping
fields under clay soil. The proposed research and methodology approaches described in this
work is required to establish a manure management emission assessment that will become more
responsive to the changing practices on Brazilian beef cattle feedlots and, consequently,
permitting implication of mitigation scenarios to be ascertained.

Keywords Animal manure - Activity data - Emission assessment - Methane - Nitrous oxide

1 Introduction

The Brazilian beef cattle feedlot industry more than doubled in the last 8 years (from 1.96 to 3.74
million heads in 2012), now representing almost 10 % of beef slaughter in Brazil (Millen et al.
2009; ANUALPEC 2012). Additionally, this intensive type of beef production is likely to increase
in the next decades in order to supply future demands and growing populations (UNEP 2011).

A large amount of manure production in a limited space is an inevitable consequence of
feedlots. Once excreted by the animals, manure undergoes a series of reactions, from which can be
produced the three greenhouse gases (GHG), methane (CHy), nitrous oxide (N,O) and carbon
dioxide (CO,), in addition to ammonia (NHs; Li et al. 2012). Additionally, the type of manure
management adopted (housing, storage or treatment and field application) impacts these reactions
and, consequently, the amount of both CH4 and N,O emitted (Chadwick et al. 2011).

The most representative manure management practice in Brazilian cattle feedlots consists of
the removal of manure from pens only at the end of the feeding period. Subsequently, the manure
is stored in heaps before being applied to crop and pasture lands (Costa Junior et al. 2013).

However, no data regarding GHG emissions from manure management in beef cattle feedlots
are available for Brazilian conditions. Guidelines by the United Nations Intergovernmental Panel
on Climate Change (IPCC) provide the best widely applicable defaults for compiling national
GHG inventories. However, since livestock farms are complex systems with different interacting
components including soils, crops, feeds, animals and manures, the approaches that best reduce
GHG emissions will depend on local conditions, necessitating specific individual approaches to
evaluate appropriate mitigations (Chadwick et al. 2011; VanderZaag et al. 2013).

Thus, the robustness of these inventories is dependent on developing country specific
emission factors and verifying emissions inventories via modeling and/or direct measurement
(IPCC 1997). Consequently, the IPCC developed a three-tier system for quantifying emissions
sources and sinks with each successive tier having an increased level of detail and accuracy.
This allowed for increased inventory refinement where data is available, while recognizing that
there were considerable variations in data availability, technical expertise, and inventory
capacity across countries, particularly in developing countries (Crosson et al. 2010).
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Thus, raising information about the current limitations and pointing out priority research
needed to better understand this important issue are mandatory for the identification of the
most polluting systems and evaluation of feasible mitigation opportunities (VanderZaag
et al. 2013).

The objective of this work was to determine (CH,4) and (N,O) emissions from beef cattle
feedlot manure in Brazil using the IPCC approach and present a framework that structures
priority research for decreasing uncertainties and assessing mitigation scenarios. Though this
framework can be applied to any GHG inventory from animal manure management.

2 Material and methods
2.1 Estimates of GHG emission

GHG emissions from Brazilian beef cattle feedlot manure management were calculated
using formulas provided by IPCC 2006 guidelines for estimating national GHG emission
inventories using the tier 2 approach (IPCC 2006). Greenhouse gas emissions from
manure management consist of calculating CH, and both direct and indirect N,O
emissions. We only considered indirect N,O emissions created via NH; volatilization
and deposition.

Information regarding manure management was extracted from Costa Junior et al. (2013)
that comprises a database representing nearly 30 % of all beef cattle fed in feedlots during
2010 and are describe the feedlot cycle duration, pen cleaning frequency and storage time
before land applications (Table 1). IPCC default values were used along with specific values
from beef cattle fed in feedlots in Brazil when available (Table 2). For the IPCC default data,
we assumed a medium weight for beef cattle in Brazilian feedlots of 430 kg (Millen et al.
2009; Costa Junior et al. 2013) and an average temperature of 26 °C for all farms (Table 1).

GHG emissions were calculated for each of the 73 feedlots in the database (Table 1) and
the results were summed as a total emission. The calculated CH4 and N,O emissions were
converted into CO, equivalent (CO,eq), using their global warming potential (GWP, over a
100 year period) of 25 for CH4 and 298 for N,O (IPCC 2006).

2.2 CH4 emissions from manure management

CH, emissions from manure management were calculated using the following equation:

EF(T) X EF(T)
(1)

Where EF ) is the annual CH,4 emission factor (kgCH4 animal ' yr ') for beef cattle in a
feedlot , and Nr) is the number of cattle (T) and 10° is the conversion to Gg.
The CH,4 emission factor was calculated using the following equation:

MCF
EF(r.cu,) = (VS x 365) x {BO X 0.67x Y ( 1%05) % MST_S] (2)

Where EF (1, ¢4 is the emission factor for CH4 emission from manure management for
beef cattle in a feedlot (T, kgCH,4 animal ™' yr™"), VS is the daily volatile solid excreted by T
(kg dry matter animal ' yr "), 365 converts from daily to an annual emissions, B, is the
maximum methane producing capacity for manure produced by T (m®> CHzkg ' of VS
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Table 1 Number of animals and their respective solid manure management in Brazilian beef cattle feedlots

in 2010

No. of feedlots

No. of animals

Feeding period — FP

Frequency of manure

Length of manure

(n=73) (n=831,450) Days removal from pens, storage in heaps before

Days field application
Days

8 71,100 90 to 100 At the end of FP 90

5 94,000 90 At the end of FP Final disposal

4 111,500 75 to 97 At the end of FP 60*

4 65,000 75 to 85 No cleaning -

2 90,000 85 to 86 At the end of FP 7

2 53,500 117 to 135 At the end of FP 30

2 24,000 97 to 107 At the end of FP Sold after removal

2 16,200 100 to 110 At the end of FP 120

2 13,900 100 50 180

2 11,600 90 to 95 At the end of FP Donated after removal

2 6,100 80 to 86 At the end of FP 30

2 5,000 100 At the end of FP 180

2 2,200 63 At the end of FP 90

2 1,000 100 to 120 At the end of FP Final disposal

1 60,000 90 At the end of FP 240

1 25,000 120 30 60"

1 24,500 70 At the end of FP Final disposal

1 24,000 100 50 120

1 22,000 90 At the end of FP 180

1 20,000 100 50 60"

1 17,500 80 At the end of FP Sold after removal

1 15,000 130 At the end of FP 90

1 10,000 94 At the end of FP 7

1 9,000 120 At the end of FP 7

1 7,000 100 14 35°

1 4,000 80 At the end of FP 60

1 3,500 105 30 14

1 3,200 70 At the end of FP 180

1 3,000 90 At the end of FP 120

1 3,000 90 45 Sold after removal

1 2,200 70 35 7

1 2,000 90 30 90

1 1,700 90 45 60

1 1,500 95 At the end of FP 30

1 1,500 90 No cleaning -

1 1,200 120 No cleaning -

1 1,200 78 At the end of FP 90

1 1,000 80 7 10

1 800 90 45 7

1 500 120 20 120

1 350 105 7 0 (directly applied to field)

1 300 120 60 120

1 300 84 7 180

1 300 70 No cleaning -

1 300 60 30 30
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Table 1 (continued)

No. of feedlots No. of animals Feeding period — FP Frequency of manure Length of manure
(n=73) (n=831,450) Days removal from pens, storage in heaps before
Days field application
Days
1 200 60 At the end of FP Final disposal

Costa Junior et al. (2013)
# Manure composting (for 60 days before field application)

® Anaerobic digestion (30 days of digestion followed by maintaining the digestate for 3 days in tanks before
field application)

excreted), 0.67 is the conversion factor from m> CHy to kg CH4, MCF_g, is the methane
conversion factor for each manure management system (S), and MSr) is the fraction of
manure from T handled using S (dimensionless).

2.3 N,O emissions from manure management
2.3.1 Direct emissions

Direct N,O emissions from manure management were calculated using the following
equation:

2

XEF(S) 28

s

NoOp(mumy = [Z {; (N(T) XN (o)) X MS(TS))

Where NyOp(mm) is the direct N,O emission from manure management in the country
(kgN,O yr_l), Nir) is the number of beef cattle in feedlot (T), Nexr) is the average annual
excretion of N per head (kgN animal ' yrﬁl), MS(T, S) is the fraction of the total annual
nitrogen excretion of T that is managed using the manure management system (S, dimen-
sionless), EF(S) is the emission factor for the direct N,O emissions from S (kgN,O-N
ng_l), and 44/28 is the conversion factor of N,O—N emissions to N,O emissions.

2.3.2 Indirect emissions

Indirect N,O emissions from manure management were calculated using the following
equation:

44

NQO](mm) = (NvolatilizatimrMMS X EF2(S)) X % (4)

Where N,Ojgnm) is the indirect N,O emissions from the volatilisation of Nitrogen (N)
from manure management (kgN,O yr '), EF5(S) is the emission factor for N,O emitted from
atmospheric N deposited on soil and water surfaces from ammonia deposition (kgN,O-N)™',
and 44/28 is the conversion factor from N,O-N emissions to N,O emissions.
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Table 2 Parameter values used to calculate both (CH4) and (N,O) emissions and its uncertainties of the
management of beef cattle feedlot manure in Brazil

EF Uncertainty Source
Housing
N,O emissions, % 0.02 =50 to +100 IPCC (2006)*
NH; emissions, % 30 —33 to +66 IPCC (2006)
Indirect N,O emissions, % 0.01 —20 to +400 IPCC (2006)
CH, emissions IPCC (2006)
B,"°, kgCHy/kg SV 0.3 +11 Orrico et al. (2012)
MCF®, % 2 =50 to +100 IPCC (2006)
Storage / Composting
N,O emissions, % 0.005 /0.1 =50 to +100 IPCC (2006)
NH; emissions, % 45 =78 to +44 IPCC (2006)
Indirect N,O emissions, % 0.01 —20 to +400 IPCC (2006)
CH, emissions IPCC (2006)
By, kgCHy/kg SV 0.3 +11 Orrico et al. (2012)
MCF*, % 5/1.5 =50 to +100 IPCC (2006)
Anaerobic digestion 0 - IPCC (2006)
Total loss from MMS
Housing, % 40 =50 to +25 IPCC (2006)
Storage / Composting, % 50 —60 to +40 IPCC (2006)
Field application
N,O emissions, % 0.01 —30 to +200 IPCC (2006)
NH; emissions, % 20 =30 to +200 IPCC (2006)
Indirect N,O emissions, % 0.01 —20 to +400 IPCC (2006)
Other parameters Uncertainty Source
Animal population - +35¢ ANUALPEC (2012)
Manure management system - +35¢ Costa Junior et al. (2013)
Volatile solids, g/day 2.7 +35 IPCC (2006)
N excretion, g/day 0.1 +16 Gomes et al. (2013)

MMS manure management system; MCF methane conversion factor
? For climate with an average temperature of 26 °C (IPCC 2006)
® Methane production potential

“Methane conversion factor. Uncertainties assumed to be equal to N,O emission factors (there is no
assumptions at [IPCC 2006 and the related studies are not online assessable)

4 Assumed according suggestion in IPCC 2006

The loss of N due to volatilisation from manure management was calculated using the following
equation:

Frac
Nvotaieaion-sats = Y | D | (N(r) % Nex(r) x MS(z.5)) (%) (5)
(T,5)

Where N, asitisation-vims 18 the loss of manure nitrogen due to volatilisation of NH3 and NO,
(kgN yr ), N(T) is the number of beef cattle in the feedlot (T), Nex(T) is the annual average N
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excretion per head in T (kgN animal ' yr_l), MS(T, S) is the fraction of the total annual nitrogen
excreted from T managed by the manure management system (S, dimensionless), and Fracg,as
is the percent of the managed manure nitrogen in T that volatilises as NH; and NO, for manure
management system S (%).

2.4 Nitrous oxide emissions from “applied organic N fertiliser” manure
2.4.1 Direct emissions

The N,O emitted by “applied organic N fertiliser” manure was calculated using the
following equation:

N207Ninputx - [FON X EFS} (6)

Where N,O-N is the annual direct N;O—N emissions from the N input into managed
soils (kgN,O-N yrfl), Fon is the annual amount of animal manure (N) applied to the
soil (kgN yr '), and EF; is the emission factor for N>O emissions from the N input.

The N,O-N emissions were converted to N,O emissions for reporting purposes by
multiplying the N,O-N emission by the conversion factor 44/28.

Fon was estimated based on the amount of managed manure (N) available amount of
managed manure nitrogen available for application to soil (NMMSAvb) for soil application
and was calculated using the following:

Fracypgsi
Fov = Fay = Nysav = ZS{Z(T) H(N(T) X Nexgy X MS(TS)) X (1’ mf&; MS)} + (N(ry x MS(r.5) % me/mgm)]}

(7)

Where Foy is the total annual amount of organic N fertiliser applied to soils other than by
grazing animals (kg N yr '), Fay is annual amount of animal manure N applied to soils
(kg Nyrh. (Nauis_awb) is the amount of N available from the manure applied to the managed
soils (kg N yr "), N(T) is the number of beef cattle in the feedlot (T), Nex(T) is the annual average
N excreted per head in T (kgN animal ' yr™"), MS(T, S) is the fraction of the total annual nitrogen
excreted from T that is managed in a manure management system (S, dimensionless), and
Fracy ossums 18 the amount of manure N lost from T in the manure management system, S (%).

2.4.2 Indirect emissions

The indirect N,O emitted by manure applied to the land was calculated as follows:
NQO(ATD)_N = {Zi(FSN‘ X FraCGASF,) —+ [(FON X FPRP) X FracGASM]} X EF4 (8)

Where N>Oarp)—N is the annual amount of N,O-N produced by the atmospheric
deposition of volatilised N from managed soils (kgN,O-N yrfl), Fon is the annual
amount of organic N fertiliser applied (kgN yrfl), Fracgasms 1S the fraction of the
applied organic N fertiliser (FPRP) that volatilises as NH3 (kgN deposited '), and EF,4
is the emission factor for N,O emissions from N inputs and atmospheric deposition of
N on soil and water surfaces.
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The conversion of N>O(arpy—N emissions to N,O emissions for reporting purposes was
accomplished by multiplying the N,O(arpy—N by a conversion factor of 44/28.

2.5 Uncertainties

The uncertainties were calculated by error propagation using the equation as follows:

Ut = \JU% + U} + -+ + U3 9)

Where Utotal is the percentage uncertainty in the product of the quantities and Uy is the
percentage uncertainties associated with each of the quantities.

3 Results and discussion

Analysis of the manure management of approximately one third (73 feedlots) of beef cattle
feedlots in Brazil (831,450 animals, Table 1) using the formulas provided by the IPCC
(2006) resulted in a GHG emission value of 101.7 Gg CO,eq (Fig. 1). By extrapolation, the
total national GHG emissions for the year of 2010 (3,050,000 animals) would be
376.6 GgCO,eq for feedlots in Brazil.

The profile for beef cattle feedlot manure management in Brazil shows most of the animals
had their manure managed in solid storage-heaps after housing floor cleaning followed by field
application (Table 1). Hence, GHG emissions came predominantly from solid storage-heaps
and field application, which comprised 60 % and 21 % of the total emissions respectively. N,O
accounted for 61 % of total emissions, out of which 69 % came from direct emissions. Nearly all
CH,4 emissions (90 %) came from solid storage-heaps (Fig. 1).

Other emission sources came from farms that composted their manure (12 %) and those
that left the manure in feedlot housing floor (6 %) (Fig. 1). Emissions from the only farm
with anaerobic digesters came from application of manure to the field (0.2 Gg CO,eq).

The uncertainty in total inventory was —30 to +79 % (Fig. 1). The largest contributors for this
variance were CH, and indirect N,O emission from solid storage-heaps as well as direct N,O
emissions from field application of manure (Fig. 1). The large uncertainty is a consequence of the
use of the [PCC default N,O, NH;3 and CH,4 emission factors (Fig. 1, Table 2). Thus, experiments
measuring these systems and parameters would yield greatest reduction in uncertainties.
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Fig. 1 Total and relative greenhouse gas emissions (direct and indirect nitrous oxide - N,O- methane -CHy)
from beef cattle feedlot manure management in Brazil in 2010. Error bars represent uncertainties in the
estimative
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The use of information of specific values of the amount of N excreted (Nex) and CHy
production potential (By) were incorporated in the analysis of N,O and CH,; emission
(Table 2). They significantly decreased parameter uncertainties compared to IPCC default
values (IPCC 2006), from 50 to 16 % and from 15 to 11 %, respectively. For activity data
regarding manure management we assumed reduction in uncertainties from 100 % to 35 %
(range of 25-50 %) (IPCC 2006). As a consequence of the use of these specific data, total
uncertainty range was narrowed from —54 to +90 (not shown) to =30 to +80 %.

This emission of 376.6 GgCO,eq also corresponds to between 20 % and 25 % of the
total GHG emission from the animal basis (manure management and enteric fermenta-
tion) during a typical feedlot period of roughly 90 days in Brazil (Costa Junior et al.
2013) when considering an enteric fermentation emission between 43 kg and 56 kg of
CH4 per animal per year (808—1,053 GgCO,eq for 90 days) given by the last Brazilian
inventory (MCT 2010).

Thus, we see that mitigating GHG from the manure management in Brazilian feedlots
might help reducing significatively total GHG emission from beef production and, conse-
quently, increase environmental sustainability of meat production in Brazil.

Since N,O emissions comprise the largest emissions in the evaluation of manure management
systems (Figs. 1 and 2), efforts to mitigate this gas without exacerbating the CH, emissions
would be an efficient means of reducing total GHG emissions (Chadwick et al. 2011).

According to emission factors provided by the IPCC (2006), manure management
through solid storage has the lowest N,O emissions, with exception to anaerobic digestion
(Table 2). Therefore, unless the number of anaerobic digesters in Brazilian feedlots in-
creases, it at first glance appears that little can initially be done to reduce the GHG emissions
of manure given that nearly all of animal manure was managed in heaps (Table 1).

Countering this assumption is research by Sommer et al. (2009) that reported different in-
house manure storage time could alter GHG emissions by 0 to 40 % which is largely
unchecked in literature for beef cattle and not examined in the IPCC equations. Increasing
the frequency of manure removal from animal housing floor to solid storage-heaps might
also be a mitigation option for Brazilian feedlots. Moreover, improvements in the application

Feedlot 1 H :

: W ﬁ 96.6 kg CO,eq / animal
B V % 96.6 kg CO,eq / animal

O Housing

Feedlot 2 H . :

Manure management

Feedlot3

i:| 119:6kg COeq/animal g Solid Storage
* Manure management considered by IPCC

0 90 180 270 360
Days on disposal

Fig. 2 Annual greenhouse gas emissions (direct and indirect N,O and CH,4 emissions in kgCO,eq per animal)
from manure management (excluding field application) of three beef cattle feedlots in Brazil carrying out
90 days of animal feeding calculated using the 2006-IPCC guidelines (IPCC 2006). The manure generated
during the feeding period (first 90 days) is removed from the housing floor and disposed in solid storage
before field application in Feedlot 1 and 2, while in Feedlot 3 manure is not further managed, remaining on the
housing floor throughout the year
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of manure as fertilizer in agricultural fields could also increase the mitigation potential
(Chadwick et al. 2011).

In spite of IPCC guidelines providing the most widely applicable defaults to compile
national GHG inventories, its reporting protocols structure is not conducive to integrated
farm-level emission assessments. As a consequence, the evaluation of mitigation options and
their effects for Brazilian conditions cannot be adequately evaluated using this methodology.

To illustrate this issue, Fig. 2 shows three feedlots (named farms 1, 2 and 3) selected from
Table 1. All three feedlots fed their animals for 90 days. Both farm 1 and 2 removed manure
deposited on the housing floors during these 90 days only once, at the end of the feeding
period, and stored it in heaps before being applied to the fields. Although, farm 1 and 2
stored manure in heaps for different lengths of time (90 and 150 days, respectively) and farm
3 did not remove manure from its feedlot pen, instead leaving it to decompose on the ground
floor of pens without secondary management.

According to the boundaries assumed in this work, these farms produced the same
amount of manure, and consequently, the same amounts of volatile solids and N were
excreted within the pens. The time manure spent in heaps for farm 1 and 2 differed and
therefore would cause different GHG emissions; however, according to the used IPCC
methodology used in this work, these two farms have the same annual GHG emissions
per animal under identical climatic conditions and animal characteristics (96.6 kgCO,eq)
due to inability to factor in time spent in heaps (Fig. 2). Additionally, emissions from the
pens (during 90 days of feeding) were not considered.

On the other hand, farm 3 resulted in an annual emission per animal of 119.6 kgCO,eq,
which included emissions from the manure excreted during the 90 days of feeding that was
decomposed in the pen post feeding. Emissions during the feeding period and from different
storage time were not accounted for regarding farm 1 and 2 and not possible to calculate
using [IPCC methodology.

These results highlight the necessity for developing specific emission factors that could
reflect the situations found in Brazilian feedlots in order to improve national inventory and
address mitigation options. However, the development of emission factors reflecting all
appropriate country specific situations and conditions would be very costly and time-
consuming (IPCC 2006; Crosson et al. 2011; Reay et al. 2012; NRC 2002). Additionally,
assessing the environmental impact of manure management is difficult due to high vari-
ability in the quality and quantity of animal waste, and in the numerous factors affecting the
biogeochemical transformations of manure during storage, treatment and field application
(Salas et al. 2008).

In this case, process-based models should be used in supplementing measurement
programs in order to feasibly improve inventories and evaluate management practices
able to mitigate GHG emissions (Li et al. 2012; Salas et al. 2008). The Manure-
Denitrification-Decomposition model (DNDC) model for example, runs the dynamics of
CHy, N,O and NHj production or consumption by simulating several biogeochemical
reactions (decomposition, hydrolysis, nitrification, denitrification, ammonium adsorption,
chemical equilibriums of ammonium/ammonia, and gas diffusion) associated with manure
production, storage, treatment and land application according to environmental conditions
and farm-scale specifications (Li et al. 2012). The model also allows for greater control of
timing of manure in each management compartment.

Varying farm conditions in a process-based model would improve accuracy for all
emissions estimates for comprehensive assessments of mitigation efforts and further define
measurement requirements to achieve desired accuracy and uncertainties (Li et al. 2012;
Salas et al. 2008).
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However, model validation is critical for comprehensive analyses that capture all manure
emissions as well as to allow sensitivity to local conditions and permit implication of
alternative site specific factors to be ascertained (Salas et al. 2008; Stewart et al. 2009;
Rotz et al. 2010).

In spite of a useful range of information that has already been available (ANUALPEC
2012; IBGE 2006; Millen et al. 2009; Costa Junior et al. 2013; Gomes et al. 2013), the lack
of experiments evaluating GHG fluxes for Brazilian conditions are limiting proper explora-
tion of process-based models. This is also limiting accuracy as process-based models are
needed for decreasing uncertainties using [IPCC methodology.

We built Table 3 from national surveys that determines the most common character-
istics found in beef cattle feedlots in Brazil. Following that information, future research
would maximize results in obtaining GHG emissions factor for Brazilian conditions.
Basically, it would track emissions from manure generated from male Nellore (Bos
Indicus) genotype fed a high-energy corn (Zea mays L.) based diet that remain in pens
for around 90 days, with manure removed and held in heaps over 60 days before being
applied to corn field on clay soil (Table 3). Experiments setting up those conditions
would represent at least 20 % of the cattle fed in feedlots (Millen et al. 2009; Costa
Junior et al. 2013). This would be the starting point for improving GHG estimate,
reducing uncertainties and building mitigation scenarios for Brazilian conditions as well
as evaluating the importance of manure in the GHG emissions from beef production.
Moreover, it is a good practice for all specific parameters to be examined, revised,
improved and published.

The quantification methods for the GHG emissions from manure management in animal
systems are widely described in the literature but need to be better applied for determining
emission factors and model parameters (Chadwick et al. 2000; Saggar et al. 2010; Hao et al.
2004; Rochette and Eriksen-Hamel 2008; Wang et al. 2011).

It is also a good practice to report flux as they are measured with a detailed character-
isation of the emitting substrate (i.e., manure composition over time) accompanied by a
description of the animals generating the manure and the manure management system used
at the facility (Kebreab et al. 2006).

Environmental conditions are also an important factor on emissions and data are often
available from local weather stations; however, these variables should be monitored by
research during the study period if unavailable from such sources or to improve accuracy at
the farm location (Saggar et al. 2004; Kebreab et al. 2006).

In spite of the recent significant annual increase in Brazilian beef production at feedlots
and its economical importance for the country, our study clearly demonstrated what further
research should accomplish for improving GHG emission estimates from manure man-
agement. It also highlighted that farm scale data is critical to better understanding this
issue and when paired with future directed research should provide necessary information
for evaluate mitigation scenarios. Furthermore, as reported by Crosson et al. (2011), farm
level evaluations are necessary to support policy makers with regard to development of
GHG emissions mitigation strategies, otherwise there might be lower than expected
abatement outcomes and unintended adverse consequences.

4 Conclusions

The manure management of beef cattle feedlots in Brazil emitted 376.6 GgCO,eq in 2010.
These emissions came predominantly from storage heaps (60 %) and field application
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Table 3 Top characteristics of beef cattle and manure management in feedlots in Brazil selected from

country surveys

Item

Characteristic / Value

Source

Brazilian Region
Animal

Breed and genre

Age, months
Initial and final body weight, kg

Diet
Days on fed

Dry matter intake (DMI), kg day-1

Grain Source

Roughage Source, % of DM

Crude protein (CP), % of DM

Protein source
Manure management
Pen floor and coverage
Frequency of manure removal from pens

Storage system and length of time before
field application, months

Manure applied to soil, ton/ha

Crops receiving manure

Soil texture receiving manure

Southeastern and Central-West

Nellore (Bos indicus) - Male

24
350-500

84-100

10

Corn (Zea mays L.)

Corn (Zea mays L.) silage and
fresh and chopped sugarcane (Saccharum
officinarum L.), 10-28 %

13-14

Soybean (Glycine max L. Merrill) meal

Bare soil with no cover
The end of feeding period
Heaps, 24

>20

Corn (Zea mays L.) and sugar cane
(Saccharum officinarum L.)

Clay

ANUALPEC (2012)

Millen et al. (2009)
Costa Junior et al. (2013)
Millen et al. (2009)
Millen et al. (2009)
Costa Junior et al. (2013)

Costa Junior et al. (2013)
Millen et al. (2009)
Millen et al. (2009)
Costa Junior et al. (2013)
Millen et al. (2009)
Costa Junior et al. (2013)
Millen et al. (2009)
Costa Junior et al. (2013)

Millen et al. (2009)
Costa Junior et al. (2013)
Millen et al. (2009)

Costa Junior et al. (2013)
Costa Junior et al. (2013)
Costa Junior et al. (2013)

Costa Junior et al. (2013)
Costa Junior et al. (2013)

Costa Junior et al. (2013)

(21 %). N,O accounted for 61 % of total emissions, out of which 69 % came from direct
emissions. Uncertainties were high (=30 to +80 %) and the IPCC methodology does not
integrate GHG emissions at the farm-scale well, preventing the assessment of mitigation
options. As a consequence, this GHG inventory lacks consistence. To establish a GHG
emission assessment that responds to changing feedlot management is recommended the
development of country-specific emission factors coupled with oriented process-based models.
Thus, filling the gap for experiments dealing with field measuring CH4 and N,O emission from
the whole cycle of manure management under Brazilian conditions (housing, storage and field
application) are of primary importance for improving the GHG assessments of these feedlots.
The most effective of these experiments for Brazilian conditions would track emissions from
manure generated from male Nellore genotype fed with high-energy corn based diet that remain
in pens for around 90 days, manure removed and held in heaps over 60 days before being
applied to corn field on clay soil. Finally, this paper contributes to the literature illustrating
critical information to guide experiments towards a representative manure management emis-
sion assessments in Brazil and elsewhere.
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