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Expansion of agricultural area 

Pasture192 million ha

Agriculture60 million ha
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Increaseof ethanol production in Brazil

7 M ha

UnderDevelopment

Imediatly

Cerri 2014

2 options
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Conversion from Annual Cropland to Sugar Cane
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Conversion from Pasture to Sugar Cane
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The effects of land-use-change
on soil carbon balance 

have to be taken into account 
in calculating the CO2 savings 
attributed to bioenergy crops



Á How much is the Soil Carbon Debt and 
Payback Time due to these conversions?

Á How to produce sugar cane ethanol in a 
sustainable way and increase the fossil fuel offset? 

Couple of questions:



Á How much is the Soil Carbon Debt and 
Payback Time due to these conversions?

Á How to produce sugar cane ethanol in a 
sustainable way and increase the fossil fuel offset? 

Couple of questions:
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Paybacktime

0 1 2 3 4 ...

Years

άTime span that the conversionof a specific land into
sugarcanewould needto compensateemissionsresulted
from LUC considering the offset associated to the
replacementof fossilfuel by sugarcaneethanol. έ



SoilCarbonDebtandPaybackTime 
CALCULATIONS



ÅFind comparison soil pairs

ÅSoil sampling

ÅDetermination: 

Soil organic carbon LECO - Analyzer

Soil bulk density

ÅEstimate of CO2 emitted (-) or
accumulated (+)in soils 
using Tier 2 approach (2006, IPCC).

Methodology



Region selected



Mello et al. (IN PRESS)

Places selected
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Conversion from Pasture to Sugar-Cane   70%
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Conversion from Annual Cropland to Sugar-Cane   25%
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Conversion from Cerrado to Sugar-Cane   < 1%
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Soilsampling



Soilsampling



Bulkdensity



Soilsampling+ bulk density



Soilsampling+ bulk density
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135 study sites = 75 pairs

Pasture                to    sugar cane  57

Annual cropland   to    sugar cane  13

Cerrado to    sugar cane  05

Mello et al. (IN PRESS)

å6,000 Soil samples



Soil C stocks 
from sugar 
cane and 

references

Soil type, soil 
texture, 
climate 
factors

Time span 
after LUC

land use change

Adopted 
management
burnt vsunburnt

Basic information of these135 sites



SoilCarbonDebtandPaybackTime 

RESULTS



Mello et al. (IN PRESS)

Soil C storage

Soil C reduction

Payback time

Pasture-> Sugar cane
0-30 cm

Response Ratio (Mg C ha-1)     =
Soil C stock Sugar Cane
Soil C stock References

Pasture
Agriculture
Cerrado



Mello et al. (IN PRESS)

Soil C stock Sugar Cane
Soil C stock References



0,0

0,5

1,0

1,5

2,0

2,5
R

e
s
p

o
n

s
e
 R

a
ti

o
tŀǎǘǳǊŜҦ{ǳƎŀǊŎŀƴŜ

0-30 cm

57 

16

Sites

41

5 20

34

23 

57 

0,0

0,5

1,0

1,5

2,0

2,5
tŀǎǘǳǊŜҦ{ǳƎŀǊŎŀƴŜ

0-100 cm

R
e
s
p

o
n

s
e
 R

a
ti

o

Mello et al. (IN PRESS)



0,0

0,5

1,0

1,5

2,0

2,5

R
e

sp
o

n
s
e

 R
a
tio

/ǊƻǇƭŀƴŘҦ{ǳƎŀǊŎŀƴŜ 
0-100 cm

Sites

6

7

7 

6 

0,0

0,5

1,0

1,5

2,0

2,5
R

e
sp

o
n

se
 R

a
tio CroplandҦ{ǳƎŀǊŎŀƴŜ

0-30 cm

Mello et al. (IN PRESS)

13 

13 



0

Sites

5

1 

4 

5 

R
e

sp
o

n
se

 R
a
tio

0,0

0,5

1,0

1,5

2,0

2,5
bŀǘƛǾŜ ±ŜƎŜǘŀǘƛƻƴ ҦSugarcane

0-30 cm

0,0

0,5

1,0

1,5

2,0

2,5
bŀǘƛǾŜ ±ŜƎŜǘŀǘƛƻƴ ҦSugarcane

0-100 cm

5

R
e

sp
o

n
se

 R
a
tio

Mello et al. (IN PRESS)



Mello et al. (IN PRESS)



Mello et al. (IN PRESS)

Soil C stocks 
from sugar 
cane and 

references

Soil type, soil 
texture, 
climate 
factors

Time span 
after LUC

land use change

Adopted 
management
burnt vsunburnt

Linear mixed effect modeling approach

Land use 
change factor



Land use change factor

Mello et al. (IN PRESS)



Mello et al. (IN PRESS)

Land use change factor



Conversion from Cerrado to Sugar Cane (< 1%)

Mello et al. (IN PRESS)

Carbon Debt (20 years)
-77.8 Mg CO2 ha-1

0-30 cm

http://www.google.com.br/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=0hgCx9M7hoWEYM&tbnid=_AgL5vwuXZZXVM:&ved=0CAUQjRw&url=http://www.runnerdudesfitness.com/&ei=gT5-U9vEOYGbyAS1iYCABA&bvm=bv.67720277,d.aWw&psig=AFQjCNHxf3eynWjp5-bUF8mCEVYqscxHtQ&ust=1400868831289124
http://www.google.com.br/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=0hgCx9M7hoWEYM&tbnid=_AgL5vwuXZZXVM:&ved=0CAUQjRw&url=http://www.runnerdudesfitness.com/&ei=gT5-U9vEOYGbyAS1iYCABA&bvm=bv.67720277,d.aWw&psig=AFQjCNHxf3eynWjp5-bUF8mCEVYqscxHtQ&ust=1400868831289124


Payback time 
CALCULATION



Sugar Cane Ethanol Offset

9.8 Mg CO2 ha-1 yr-1

Fargioneet al. (2008)



Conversion from Cerrado to Sugar Cane (< 1%)

Mello et al. (IN PRESS)

Payback time= 8 years
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Conversion from Pasture to Sugar Cane

Carbon Debt (20 years)
-20 Mg CO2 ha-1 0-30 cm
-32 Mg CO2 ha-1 0-100 cm
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Conversion from Pasture to Sugar Cane

Payback time= 2 to 3 years
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Conversion from Annual Cropland to Sugar Cane

Carbon storage (20 years)
+36 Mg CO2 ha-1      0-30 cm
+79 Mg CO2 ha-1 0-100 cm
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Conversion from Annual Cropland to Sugar Cane

Payback time= ZERO 
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Is minimized by improved 
management and productivity 
on residual agriculture lands 

Significant role in delivering 

Providedthat iLUC



Mello et al. (IN PRESS/ June 2014)
Grant 2011/07105-7 
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Á How much is the Soil Carbon Debt and 
Payback Time due to these conversions?

Á How to produce sugar cane ethanol in a 
sustainable way and increase the fossil fuel offset? 

Couple of questions:
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