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The forest...

AmazoniaAmazonia at a glance ... The Natural at a glance ... The Natural 

SystemSystem

• almost 6 million km2 of contiguous tropical 

forests 

• perhaps 1/3 of the planet's biodiversity

• abundant rainfall (2.2 m annually)

• 18% of freshwater input into the global oceans 

(220,000 m3/s)

• over 100 G ton C stored in vegetation and soil

• a multitude of ecosystems, biological and ethnic 

diversity
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Biodiversity...
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Fire...

Fire...
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Selective logging...

Source: Nobre, 2002
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Brazilian agribusiness

General overview

Top 5 biggest world grain producers

CanadianRussianBrazilUSAChina

88888888115115420420450450
Grain production

(ha – millions)

22224040424290907878
Crop Area (ha 

– millions)

31311471471751752782781,3001,300
Population

(millions)

9,9709,97017,07517,0758,5478,5479,3729,3729,5369,536
Total Surface

(millions km2)

Countries
Itens

Source: Grolli, D., 2003 (Grãos Brasil, v. 10, p.12)
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Contribution of the agribusiness in 

the Brazilian GDP

29%

Source: IPEA, 2003

Agriculture contribution to the

active economic population

27%

Source: IPEA, 2003
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Main agricultural products exported. 
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SoybeanSoybean

Potential area Potential area 
70 Millions Ha70 Millions Ha

Present areaPresent area
22,1 Millions22,1 Millions

HaHa

No-till seeders
����

No-till seeders
����

Center-West BrazilCenter-West Brazil
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Elaboração e Projeções: Carlos Cogo Consultoria Agroeconômica

* INCLUSO ALGODÃO CAROÇO

69.331.59295.464.559TOTAL AVAILABLE

30.3%86.668.40866.535.441CROPS

100.0%12.000.0006.000.000COMERCIAL FOREST

0.0%220.000.000220.000.000PASTURE

388.000.000388.000.000ÁREA AGRICULTÁVEL DISPONÍVEL

30.3%86.668.40866.535.441TOTAL UTILIZADO

25.0%15.250.00012.200.000VEGETABLES AND FRUITS

50.0%9.282.9006.188.600SUGAR CANE

15.0%2.656.2022.309.741COFFEE

29.8%59.479.30545.837.100GRAIN *

2015/20072014/20152006/2007YEAR

HECTARESHECTARES
VARIATION

(%)

ÁREAÁREACROPS

BRAZIL: Next decade projections
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11. The Fossil Fuels11. The Fossil Fuels
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Bioethanol Production Cost
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Cost of Ethanol vs. Price of GasolineCost of Ethanol vs. Price of Gasoline
($ per gallon of gasoline equivalent)($ per gallon of gasoline equivalent) 55
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0 900 1800 Kilometers

N

C stocks - kg C m-²
1.5 - 2
2 - 2.5
2.5 - 3
3 - 3.5
3.5 - 4
4 - 4.5
4.5 - 5
5 - 6
6 - 7
7 - 10
10 - 45

36,4 ± 3,4 Pg C 36,4 ± 3,4 Pg C 

1 Pg =1015 g =
1 Bi. toneladas

0-30 cm

Soil Carbon Stock

Source: C. Cerri et al., 2003

10% of C solo no mundo
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High acidity, 
Aluminium, low basis

saturation

Low activity
clay

pH variable charge 

�70 % kaolinitic

� Fe and Al  oxides

Main Brazilian Soil characteristicsMain Brazilian Soil characteristics

Source: Sá ,2004
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EROSION
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Fonte: Moryja, 2005
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Werner Wünsche

Embrapa Trigo

Werner Wünsche

Embrapa Trigo

Erosion: 24 t/ha/year

Yield: 2.3 t/ha/year

1 t grain = 10 t soil

Erosion: 24 t/ha/year

Yield: 2.3 t/ha/year

1 t grain = 10 t soil

NO-TILL
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Brazil NT area

Animal traction No-till
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No-till animal traction

Fonte: Moryja, 2005



33

Fonte: Moryja, 2005

Fonte: Moryja, 2005
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2.3006.500Paraguai

30.00010.000Bangladesh

100.00045.000Ghana

5.50080.000Pakistan

26.000130.000India

38.000       173.000Brazil

Nº FarmersÁrea (ha)Country

(Wall, P., 2002)

No-till smallholders 
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Ag Soil Carbon Sequestration

Sá, 2004

cenariocenariocenariocenario 1111cenariocenariocenariocenario 1111

12,93 MT12,93 MT12,93 MT12,93 MT12,93 MT12,93 MT12,93 MT12,93 MT

3.29 MT3.29 MT3.29 MT3.29 MT3.29 MT3.29 MT3.29 MT3.29 MTCerrado

9.63 

MT

9.63 

MT

SulSul
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Some soil carbon sequestration rates

Region Rate

Mg ha-1 yr-1

Tropical
(West-Central BR)

Range
Mean

0.04 – 0.63
0.39

Subtropical
(Southern BR)

Range
Mean

0.04-0.97
0.58

Temperate
(USA)

Range 0.1-0.5

Tropical: Corazza et al. (1999), Silva et al. (2001), Leite et al. (2001)
Subtropical: Bayer et al. (2000a,b), Lovato (2001), Amado et al. (2001), Freixo et al. (2002)

Temperate: Lal et al. (1999); West & Marland (2002)

Global: West & Post (2002)

Mean 0.34

GLOBAL Mean 0.57

Bra
zil

Some soil carbon sequestration rates

Region Rate

Mg ha-1 yr-1

Tropical
(West-Central BR)

Range
Mean

0.04 – 0.63
0.39

Subtropical
(Southern BR)

Range
Mean

0.04-0.97
0.58

Temperate
(USA)

Range 0.1-0.5

Tropical: Corazza et al. (1999), Silva et al. (2001), Leite et al. (2001)
Subtropical: Bayer et al. (2000a,b), Lovato (2001), Amado et al. (2001), Freixo et al. (2002)

Temperate: Lal et al. (1999); West & Marland (2002)

Global: West & Post (2002)

Mean 0.34

GLOBAL Mean 0.57

Region Rate

Mg ha-1 yr-1

Tropical
(West-Central BR)

Range
Mean

0.04 – 0.63
0.39

Subtropical
(Southern BR)

Range
Mean

0.04-0.97
0.58

Temperate
(USA)

Range 0.1-0.5

Tropical: Corazza et al. (1999), Silva et al. (2001), Leite et al. (2001)
Subtropical: Bayer et al. (2000a,b), Lovato (2001), Amado et al. (2001), Freixo et al. (2002)

Temperate: Lal et al. (1999); West & Marland (2002)

Global: West & Post (2002)

Mean 0.34

GLOBAL Mean 0.57

Bra
zil

Bayer, 2007

Carbon Sequestration

Bayer et al., 20060,48Solos subtropicais

State Soil Crops Rate Reference

% Clay Mg ha-1 ano-1

GO 35 P/S-M 0,30 Bayer et al., 2006

MS 65 P/S-M 0,60 Bayer et al., 2006

SP 60 A/S-A/M 0,23 Leite et al., 2004

Solos tropicais 0,35 Bayer et al., 2006

PR argiloso T/S 0,32 Castro-Filho et al., 1998

PR argiloso S/T/M 0,43 Castro-Filho et al., 1998

RS 22 A/M 0,52 Lovato et al., 2004

RS 57 T/S 0,16 Amado et al., 2006

RS 57 T/S-A/S-
A+E/M/N

0,51 Amado et al., 2006

Solos temperados 0,34 West and Marland, 2002

Bayer, 2007



38

0

20

40

60

80 1988 1999

 Baixo

Fonte: Rheinheimer, D.S. et al. 2000    - UFSM.

Evolução da MO no RSEvolução da MO no RS

Médio Alto

%
 A
m
o
st
ra
s 
d
e
 S
o
l o

%
 A
m
o
st
ra
s 
d
e
 S
o
lo

40,5

29,7

53,6

64,1

5,9 6,2

Teor de MO

SOM in ag soils

Manually

0 2 4 6 8 10 12 14 16 18

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

17.09.03.0

Crop residues addition (Mg ha-1 yr-1)

CT

NT

Lovato (2001)

19.5
o
C

1347 mm/year

31% clay

Paustian et al. (1997)

5.4
o
C

570 mm/year

35% clay

d
C
/d
t
(M
g
 h
a
-1
y
r-
1
) Manually

0 2 4 6 8 10 12 14 16 18

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

17.09.03.0

Crop residues addition (Mg ha-1 yr-1)

CT

NT

Lovato (2001)

19.5
o
C

1347 mm/year

31% clay

Paustian et al. (1997)

5.4
o
C

570 mm/year

35% clay

d
C
/d
t
(M
g
 h
a
-1
y
r-
1
)

Alfisol



39

0,01

0,02

0,03

0,04

0,05

T
x
. 
d
e
 d
e
c
o
m
p
o
s
iç
ã
o
 d
a
 M
O
 (
a
n
o-
1
)

 PC

 PD
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Soil Reference C sequestration Paper
System

0-20 0-100

---- Mg ha-1 ano-1 ----

Alfisol

Alfisol

Oxisol

Oxisol

Oxisol

Oxisol

Oxisol

PC 

PC

PC

PC

PC

PC

PC

0,65 
1,22
0,52 *
0,20
0,82
0,83
0,21 *

1,05 
1,95
0,98
0,27
1,36
2,28
0,52

Zanatta et al. (2005) 
Dieckow et al. (2005) 

Sisti et al. (2004) 
Conceição et al. (2006)

Jantalia et al. (2007)

Corazza et al. (1999)

Jantalia et al. (ñ pub) 

C accumulation in subsoil layers of mature no-till

No-till

Pasture
Alfisol

Oxisol

Oxisol

Oxisol

PC

PC

PC

Cerrado

0,91 **
0,76 **
0,43
1,14

3,23 
3,13
1,92
2,53

Omonode et al. (2006) 
Omonode et al. (2006)

Corazza et al. (1999)

0-30 cm* ** 0-15 cm

Silva et al. (2004)

Mechanisms of C stabilization in no-tillage soils

-Molecular recalcitrance
-Chemical protection
-Physical protection

Very important in variable

charge soils

Mechanisms of C stabilization in no-tillage soils

-Molecular recalcitrance
-Chemical protection
-Physical protection

Very important in variable

charge soils
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Chemical and physical protection

Very important mechanisms in variable charge soils

SOM fraction Tillage Systems ∆∆∆∆% ∆∆∆∆Mg ha-1

CT NT

Particulate SOM 5.19 7.06 36 1.87

Mineral-associate SOM 25.22 30.90 23 5.68

75% of the total soil C sequestration

Soil Quality Indicator

Bayer et al. (2003)

Chemical and physical protection

Very important mechanisms in variable charge soils

SOM fraction Tillage Systems ∆∆∆∆% ∆∆∆∆Mg ha-1

CT NT

Particulate SOM 5.19 7.06 36 1.87

Mineral-associate SOM 25.22 30.90 23 5.68

75% of the total soil C sequestration

Soil Quality Indicator

Bayer et al. (2003)

Brazil:

Soil: clay Rhodic Hapludox (Oxisol).

The treatments selected were:

1) Intensive crop system under 
CT and NT

Rotation: Black oat/soybean/black oat 
+ vetch/maize/radish oil (Raphanus

sativus L.)/wheat/soybean
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PC

PD

R0

R1

R2

Vista geral do experimento de manejo do solo e culturas. Vista geral do experimento de manejo do solo e culturas. 

FUNDACEP, Cruz Alta.                      FUNDACEP, Cruz Alta.                      

Slide: Campos, 2006Slide: Campos, 2006

**
**

Actividad hongos
y bacterias

Raíz en activo
crecimiento

Fauna Interacciones minerales

TEMPLADO Y TROPICAL TROPICAL

AI AI AI
AI

ASA ASA

Macroagregado (>250 um)

MOP (derivado planta)

MOP (raiz planta)
Arena

Arcilla

Oxidos de Fe y Al

BacteriaHongo Raices activas

lombrices

Microagregados

Interacción

entre arcillas

y óxidosFormación
“biológica”de
agregados

Extraído de Six et al. (2002)

Formación “fisico-
quimica”de agregados

Six et al., 2002
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SOIL ORGANIC C
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Macroaggregates-SOC

YMollisol = 1.48 SOC - 8.2

R2 = 0.9245

YVertisol= 1.56 SOC - 2.83

R2 = 0.1292

YOxisol= 0.58 SOC - 6.9

R2 = 0.3344
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nativo

Preparo convencional
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± 30 anos

Inicio do 

experiment

o

Figura.  Variação do carbono orgânico do solo cultivado a partir de campo 

nativo por cerca de 30 anos em preparo convencional e após a 

instalação do experimento com os preparos convencional (PC) e 

plantio direto (PD) sob rotações de culturas trigo/soja (R0), 

aveia/soja/trigo/soja (R1) e aveia/soja/aveia+ervilhaca/ 

milho/nabo/trigo/soja (R2), em 0-20 cm.

PD R2

PC R2

PD R1

PC R1

PD R0

PC R0
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49,0
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44,0
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Umidade do solo e precipitação
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Gráfico comparativo Fundacep vs Verma
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South Brazil X Nebraska (Verma et al.)

2006/07

Yield C grain CO2 Flux CO2 flux-C grain

------------ g m-2 ----------------------------

321.3 150,95 -158.05 -7.10

Soybean

Verma et al. (2005) +/- 45 g C m-2

NT soybean neutral balance

Conclusion: Carbon sequestration? Not with soybean

Soybean Ecosystem C Balance

Escobar, 2007
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-------------------------------Kg CE ha-1 ano-1----------------------------------

+239-0,024-5,6+45199,2Oat/M

-244-0,03361,2-505199,2Vetch/M

-880,001100,4-350161,9O+V/M+C

-3430,02885,3-590161,9LabLab+M

-5170,056101,0-780161,9Guandu+M

No-Till

+2700,09735,9+10224,6Vetch/Maiz

+2830,03230,2+28224,6Oat/Maiz

Conventional Tillage

GWPCH4N2OTOCCost C-CO2Treatment

GWP = [ Cost C]+[ ∆∆∆∆ C solo + N-N2O x 126,9 + CH4 x 8,4)
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Innovate cropping systems

Intensive cropping system

Aumento dos estoques de 
MOS em SPD

Aumento dos estoques de 
MOS em SPD

aveiaaveia

soja

trigo

milho
S
á
, 
e
t
a
l 
2
0
0
1

S
á
, 
e
t
a
l 
2
0
0
1

3,3 3,3 3,3 3,3 tontontonton C haC haC haC ha----1111 em 3 anosem 3 anosem 3 anosem 3 anos ≈≈≈≈ 1.1 1.1 1.1 1.1 tontontonton anoanoanoano----11113,3 3,3 3,3 3,3 tontontonton C haC haC haC ha----1111 em 3 anosem 3 anosem 3 anosem 3 anos ≈≈≈≈ 1.1 1.1 1.1 1.1 tontontonton anoanoanoano----1111

BalanBalanBalanBalançççço geralo geralo geralo geralBalanBalanBalanBalançççço geralo geralo geralo geral

(ton C ha-1 ano-1)

+ 0,41 + 0,42 + 0,51 + 0,42 + 1,30 + 0,51

soja
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Futuras linhas de algodão

B M B M B M B M B

45cm45cm 45cm45cm 45cm45cm 45cm45cm

90cm90cm

90cm

90cm 90cm 90cm

90cm

1 2 3 4 5 6 7 8 9

Consortium perenial pasture (Brachiaria) with Maize
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Merry

Christmas!!!

VEGETATION MAP (RADAM 1:5000000) + DEFORESTATION (PRODES, 1997)

Courtesy: R. Alvalá, E. Kalil, INPE

Current patterns of deforestation in white color
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Methodologies / Current issues in SOM research

• Standardization of soil sampling depth
– 1.0 meter (C sequestration in deeper layers)

– 0.30 m (IPCC metodology)

– 0.20 m (Century model)

• Equivalent mass rather than equivalent depth 
approach

• Improvement of the physical fractionation 
procedures

• Isotopic techniques (crop rotation systems)
– Compartments of SOM and their dynamics


