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- Biggest comercial cattle – 200 mi heads  

- One of the biggest producers 

90% 

10% 40 million slaughters / year  

- 2012 – ≈ 20% world beef production   

INTRODUCTION 

$ 25 billion / year 



Beef Cattle Feedlot in Brazil 

1.55 million in 2002 

> 2x 

3.76 million in 2012 

INTRODUCTION 



A consequence of feedlots  

INTRODUCTION 

Large amount of manure 



Manure C and N biogeochemistry cycle in Livestock Farm 

Manure = organic matter + mineral 



Manure C and N biogeochemistry cycle in Livestock Farm 

Li et al. (2012) 



Manure C and N biogeochemistry cycle in Livestock Farm 

Li et al. (2012) 



Manure C and N biogeochemistry cycle in Livestock Farm 

Li et al. (2012) 



Manure C and N biogeochemistry cycle in Livestock Farm 

Li et al. (2012) 



Manure C and N biogeochemistry cycle in Livestock Farm 

Li et al. (2012) 



PEN 

100 % 
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1.5 % 

9 % 

79 % 

9 % 

74 % 

1.5 % 

Final of the 
feeding cycle  

(≈90 days) 

Open-air 2-
6 months 

84 % 5 % 

20 ton / ha-1  
Corn Crop 

Manure Management in Brazilian beef cattle feedlots 

Costa Junior et al. (2013) 



INTRODUCTION 

- the best widely applicable defaults for compiling national GHG inventories  



20%

16% 12%

0,2%

1,2%
0,6 %

50%

N2O - Solid Storage

N2O - Composting

CH4 - Solid Storage

N2O - Paddock

CH4 - Composting

CH4 - Paddock

N2O - Field application

Uncertainties very high –30 to 80% 
376.6 Gg CO2 eq  

Estimative Using IPCC Emission Factor 

Methodological Problems 
Costa Junior et al. (2013) 
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96.6 kg CO2 eq / head 

119.6 kg CO2 eq / head 

NOT ACCOUNTED 

-Most emitter 
-Assess mitigation potential 
-Select cost-effectiveness 

Estimative Using IPCC Emission Factor 

Costa Junior et al. (2013) 



Animal 
Diet 

Manure Management 
Feedlot structure 

Specific conditions 

Costa Junior et al. (2013) 



Process-based model 



Manure C and N biogeochemistry cycle in Livestock Farm 
Process-Based Modeling 

Refining assessments 
 

Addressing priorities 



Objectives 

- Measure CH4 and N2O emissions from a typical manure management   

- Test the applicability of Manure-DNDC 



Localization 



Field Measurements (2012)   

21 beef cattle (Bos Indicus)  

DMI = 10 kg 
CP = 12.0 % 

Bare soil (Oxisol) - 500m2 

78 days on fed 

Oxisol  - 20 ton (360 kgN) / ha 

(n=16) 
(n=2 – control) 

(n=12) 

(n=6) 
Porosity – 50% 

GC 
Housing  

(May – August) 

Storage -73 days 
(August – October) 

Field  
(October – January 2013) 

Weekly (CH4 / N2O) 

Daily – weekly (CH4 / N2O) Daily – weekly (N2O) 



Climate Conditions 
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Manure DNDC - Initialization 

Housing Storage 



Results 



Housing  

32.7 g ± 27.1 N-N2O pen-1 

2.8 kg ± 2.4 C-CH4 pen-1 
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Julian day (2012) 



Housing 

4.5 g N-N2O pen-1 

86% 

r2 = 0.13 

3.0 kg C-CH4 pen-1 

7% 

r2 = 0.26 

32.7 g ± 27.1 N-N2O pen-1 

2.8 kg ± 2.4 C-CH4 pen-1 
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Julian day (2012) 



Harvested manure 
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Measured

3 tons of manure 

Moisture = 8% 

C:N = 17.0 



Harvested manure 

39% 42% 

3 tons of manure 
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Measured

Moisture = 8% 

C:N = 17.0 



Harvested manure 
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Measured

Moisture = 8% Moisture = 4% 50% 

C:N = 17.0 



Harvested manure 

39% 42% 

3 tons of manure 
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Measured

Moisture = 8% Moisture = 4% 50% 

C:N = 18.6 9% C:N = 17.0 



Storage - Heaps 

15.7 g ± 7.3 N-N2O heap-1 

5.2 g ± 3.7 C-CH4 heap-1 
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Julian day (2012) 



Storage - Heaps 

21.7g N-N2O heap-1 

38% 

r2 = 0.0 

0.5 g C-CH4 heap-1 

90% 

r2 = 0.0 

15.7 g ± 7.3 N-N2O heap-1 

5.2 g ± 3.7 C-CH4 heap-1 
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-1

0

1

2

3

4

5

228 239 250 261 272 283 294

C
H

4 
em

is
si

on
 (g

C
-C

H
4 

he
ap

-1
 d

ay
-1

) 

Julian day (2012) 



C and N available for field application  
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Measured

2.9 tons of manure 

C:N = 19.0 

Moisture = 18% 



C and N available for field application  
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Measured Modeled

42% 41% 

C:N = 19.0 C:N = 18.9 

2.9 tons of manure 

Moisture = 9% Moisture = 18% 50% 

0% 

0.15 ha 
360 kg N / ha 



Manure application to soil 
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Julian day (2012) 

Measured
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Julian day (2012) 

MeasuredControl – without manure 

Manure fertilization 

0.5 kg ± 0.3 N-N2O ha-1 

4.6 ± 2.1 kg N-N2O ha-1 



Manure application to soil 

0.5 kg ± 0.3 N-N2O ha-1 

0.3 kg N-N2O pen-1 

40% 

r2 = 0.35 

4.6 ± 2.1 kg N-N2O ha-1 

3.1 kg N-N2O ha-1 
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Julian day (2012) 

Measured Modeled
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Julian day (2012) 

Measured ModeledControl – without manure 

Manure fertilization 



Emission Balance 



Sensitivity Tests 

Environmental  Management 

Scenarios 



Sensitivity tests - Housing 



Sensitivity tests - Storage 



Sensitivity tests - Field 
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Scenarios   
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Scenarios   
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STILL A LOT OF WORK !!! 



Conclusion 

-A typical manure management emitted 15.2 kg CO2eq animal-1. About 24.7, 1.5 
and 73.8% came from housing, storage and field application of manure, 
respectively. 

-In spite of discrepancies, applicability of Manure-DNDC in the context of the 
entire manure management cycle was acceptable.  

-More frequent manure removal from housing and adoption of no-tillage 
system would be more effective mitigating total GHG emissions (up to 75%).  

-Furthermore, the continuous measurements are also valuable for 
refinements and calibration of the process-based model estimation. 



Ciniro Costa Junior 

cinirojr@hotmail.com 

谢谢 

Questions? 

Thank you! 



Ciniro Costa Junior 

cinirojr@cena.usp.br 
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