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RAINFALL  DISTRIBUTIONRAINFALL  DISTRIBUTION
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RAINFALL  DISTRIBUTIONRAINFALL  DISTRIBUTION
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Tropical  regionTropical  region
≅≅ 1,440 mm  year1,440 mm  year--11

≅≅ 120 mm  month120 mm  month--11
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RAINFALL  EROSIVITYRAINFALL  EROSIVITY
≅≅ 3,000  to  14,000  MJ mm ha3,000  to  14,000  MJ mm ha--11 hrhr--1  1  yryr--1 1 

TROPICAL  REGION     TROPICAL  REGION     
Concentrated  in  Spring  and  SummerConcentrated  in  Spring  and  Summer

SUBTROPICAL  REGION    SUBTROPICAL  REGION     
Regularly  distributed  throughout  the  yearRegularly  distributed  throughout  the  year

HIGH  RAINFALLHIGH  RAINFALL--EROSION  EROSION  
POTENTIALPOTENTIAL
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SOILS   TYPE   AND DISTRIBUTIONSOILS   TYPE   AND DISTRIBUTION

38.7%

20.0%

6.0%
2.7%
1.4%

14.6%

Latosol - Red
Latosol - Yellow
Latosol - Brown
Latosol - Red-Yellow
Argisol
Neosol - sand quartz
Plinthosol
Cambisol
Nitosol

16.6%Others
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GENERAL  CHARACTERISTICSGENERAL  CHARACTERISTICS

Latosols,  Argisols,  and  NitosolsLatosols,  Argisols,  and  Nitosols

No  limitations  for   No  limitations  for   
mechanizationmechanization

DeepDeep
WellWell--draineddrained

Distributed  on  slightly rolling   Distributed  on  slightly rolling   
to  rolling  landscapeto  rolling  landscape
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GENERAL  CHARACTERISTICSGENERAL  CHARACTERISTICS

Plinthosols,  Neosols,  and  CambisolsPlinthosols,  Neosols,  and  Cambisols

ShallowShallow
PoorlyPoorly--draineddrained

Presence  of  stonesPresence  of  stones
Hilly  landscape Hilly  landscape 

Restrictions  for   Restrictions  for   
mechanizationmechanization
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SOIL  ORGANIC  MATTER SOIL  ORGANIC  MATTER 

Neosols Neosols -- sand quartzsand quartz
LatosolsLatosols
ArgisolsArgisols
PlinthosolsPlinthosols
NitosolsNitosols
CambisolsCambisols

<  2<  2
<  4 <  4 
<  4<  4
<  4<  4
<  4<  4
> 4> 4

SOIL  TYPESOIL  TYPE g  100 gg  100 g--11



Cogo; Denardin; Bertol; Eltz; Volk
December, 2007

SOIL  MINERALOGICAL CHARACTERISTICSSOIL  MINERALOGICAL CHARACTERISTICS
In  generalIn  general

Clay  fractionClay  fraction
1 : 1  1 : 1  ( caolinite )( caolinite )  

oxides oxides Fe  and  AlFe  and  Al

LOW  CONTENT  OF LOW  CONTENT  OF 
WATERWATER––DISPERSED  CLAYDISPERSED  CLAY

HIGH  SOILHIGH  SOIL--AGGREGATE  AGGREGATE  

STABILITYSTABILITY
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SOIL  PHYSICAL  CHARACTERISTICSSOIL  PHYSICAL  CHARACTERISTICS

Total  porosityTotal  porosity
can  exceed  0.60  mcan  exceed  0.60  m3 3 mm--33

High High soilsoil--aggregate stabilityaggregate stability

High  permeability  to  water,  air,High  permeability  to  water,  air,
and  rootsand  roots
Low  to  medium  susceptibility  to  Low  to  medium  susceptibility  to  

water  erosion    water  erosion    

In  generalIn  general
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WATER  EROSION  SUSCEPTIBILITYWATER  EROSION  SUSCEPTIBILITY

LatosolsLatosols

ArgisolsArgisols

NitosolsNitosols

0.008  to  0.0200.008  to  0.020

0.020  to  0.045 0.020  to  0.045 

0.027  to  0.0320.027  to  0.032

SOIL  TYPESOIL  TYPE ERODIBILITY ERODIBILITY 11

1 1 Factor K = Mg ha h MJFactor K = Mg ha h MJ--11 haha--11 mmmm--11

Soil  erodibilitySoil  erodibility
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■■ Low pH  Low pH  
High aluminumHigh aluminum

Low  available  phosphorus Low  available  phosphorus 
Low  cation  exchange  capacityLow  cation  exchange  capacity

Low  exchangeable  basesLow  exchangeable  bases
DystrophicDystrophic

SOIL  CHEMICAL  CHARACTERISTICSSOIL  CHEMICAL  CHARACTERISTICS

Restrictions  for  plant  Restrictions  for  plant  
developmentdevelopment

In  generalIn  general



Cogo; Denardin; Bertol; Eltz; Volk
December, 2007

increased  crop  yieldincreased  crop  yield
Improved  profitability  and  Improved  profitability  and  

competitivenesscompetitiveness
Improved  land  valueImproved  land  value

-- 22ndnd HALF  OF  1960HALF  OF  1960’’S:   SOIL  FERTILITY  IMPROVEMENTS:   SOIL  FERTILITY  IMPROVEMENT
(soil  acidity  and  fertility  correction)(soil  acidity  and  fertility  correction)  

SOIL  ANALYSIS  LABORATORY  NETWORKSOIL  ANALYSIS  LABORATORY  NETWORK
important  support   for  agricultural  important  support   for  agricultural  

frontier  expansionfrontier  expansion
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Beginning :  mid 1960Beginning :  mid 1960’’ss
Starting  from :   forest  and  pasture  landsStarting  from :   forest  and  pasture  lands

AGRICULTURAL  FRONTIER  EXPANSION AGRICULTURAL  FRONTIER  EXPANSION 

HISTORYHISTORY

Great changes:  1970  decade
Replacement  of  forest  and  pasture  areas  by 

monoculture  (wheat,  soybean,   maize,  rice) 

Conventional  tillage
Limestone  and  fertilizers



Cogo; Denardin; Bertol; Eltz; Volk
December, 2007

Intensive  soil  mobilization
Intensive  use  of lime and  fertilizers

Wheat/soybean  or  fallow/soybean
Biomass  production  lower  than    

SOM  decomposition

AGRICULTURAL  FRONTIER  EXPANSION AGRICULTURAL  FRONTIER  EXPANSION 

Soil  management  practicesSoil  management  practices

CONSEQUENCES
Improvement  of  soil  chemical  characteristics

Degradation  of  soil  structure
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MineralsMinerals
35 %35 %

SOMSOM
3 %3 %

AirAir
30 %30 %WaterWater

32 %32 %

DEGRADATION  OF  SOIL  STRUCTURE

LATOSOL  UNDER  
NATURAL  CONDITION

LATOSOL  UNDER  
CONVENTIONAL  TILLAGE

Minerals  Minerals  
62 %62 %

SOMSOM
2 %2 %

AirAir
5 %5 %

Water
31 %
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DEGRADATION  OF  SOIL  STRUCTUREDEGRADATION  OF  SOIL  STRUCTURE
(Latosol,  conventional tillage)(Latosol,  conventional tillage)  

##
1.201.20
1.201.20
1.181.18

##
7878
7979
7878

##
1.431.43
1.401.40
1.251.25

##
4848
5858
5656

3  years3  years 7  years7  years
SoilSoil

layerlayer
(cm)(cm)  

SoilSoil
densitydensity
(g cm(g cm--33))  

AggregateAggregate
stabilitystability

(%)(%)  

0 0 -- 66
6 6 --1414

14 14 -- 2323
23 23 -- 3030

# No  aggregates  > 4.76 mm.# No  aggregates  > 4.76 mm.

SoilSoil
densitydensity
(g cm(g cm--33))  

AggregateAggregate
stabilitystability

(%)(%)  
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Contouring

Terracing
narrow and  medium base  (later broad-base),

absorption  type  in  Latosols    
and  drainage  type  in  Argisols

AGRICULTURAL  FRONTIER  EXPANSIONAGRICULTURAL  FRONTIER  EXPANSION

Soil  conservation  practicesSoil  conservation  practices

THEY   WERE  SYNONYMS  OF  SOIL  CONSERVATION
Insufficient  to  control  water  erosion
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CONSEQUENCES  OF  POOR  SOIL MANAGEMENT  PRACTICES

SERIOUS  EROSION        
PROBLEMS
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POOR  SOIL  MANAGEMENT  AND  EROSIONPOOR  SOIL  MANAGEMENT  AND  EROSION
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POOR  SOIL  MANAGEMENT  AND  EROSION POOR  SOIL  MANAGEMENT  AND  EROSION 



Cogo; Denardin; Bertol; Eltz; Volk
December, 2007

POOR  SOIL  MANAGEMENT,   EROSION,   AND  POOR  SOIL  MANAGEMENT,   EROSION,   AND  
WATER  POLLUTIONWATER  POLLUTION

WHAT  TO  DO?



Cogo; Denardin; Bertol; Eltz; Volk
December, 2007

EROSION  RESEARCHEROSION  RESEARCH

-- The  beginning:  The  beginning:  1940 decade1940 decade

-- Nationwide  efforts:  Nationwide  efforts:  1970 decade1970 decade

-- Type:  Type:  field  runofffield  runoff--plots,  under plots,  under 
natural  and  simulated  rainfallnatural  and  simulated  rainfall
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ROTATING-BOOM  RAINFALL  SIMULATOR       
(SWANSON’S TYPE) 
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-- -- -- -- -- -- -- -- -- Mg haMg ha--1  1  yryr--1   1   -- -- -- -- -- -- -- -- --
LatosolLatosol
LatosolLatosol
LatosolLatosol
ArgisolArgisol
ArgisolArgisol
ArgisolArgisol
NitosolNitosol
NitosolNitosol

SoilSoil CBSCBS

CBS:  conventional  tillage,  burned  stubble;  CIS:  conventionCBS:  conventional  tillage,  burned  stubble;  CIS:  conventional  tillage,  incorporated  al  tillage,  incorporated  
stubble;  MT:  minimum  tillage;  NT:  nostubble;  MT:  minimum  tillage;  NT:  no--till till 
W/S:  wheat/soybean;  f/S:  fallow/soybeanW/S:  wheat/soybean;  f/S:  fallow/soybean

CISCIS MTMT NTNT

66
44
66
99
44
44

1111
44

Exp.  timeExp.  time

yearyear

CropCrop

w/sw/s
w/sw/s
f/sf/s

w/sw/s
w/sw/s
w/sw/s
w/sw/s
w/sw/s

1.5
1.1
5.0
0.5
1.0
2.2
8.8
0.2

-
-
-

3.2
-
-

11.3
-

3.6
3.2
6.0

13.1
5.3

39.5
34.0

6.0

10.9
-

9.0
-
-

51.5
-
-

SOIL  LOSSES  BY  EROSION  IN   DISTINCT  SITUATIONS SOIL  LOSSES  BY  EROSION  IN   DISTINCT  SITUATIONS 

EROSION  RESEARCH  RESULTSEROSION  RESEARCH  RESULTS
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SOIL  LOSSES  BY  EROSION  IN  DISTINCT  SITUATIONSSOIL  LOSSES  BY  EROSION  IN  DISTINCT  SITUATIONS

EROSION  RESEARCH  RESULTSEROSION  RESEARCH  RESULTS

SubtropicalSubtropical

TotalTotal

TropicalTropical

TotalTotal

WinterWinter
SummerSummer

WinterWinter
SummerSummer

LatosolLatosol

LatosolLatosol

5151
4949

100100

55
9595

100100

0.70.7
0.80.8

1.51.5

00
5.05.0

5.05.0

5.55.5
5.45.4

10.910.9

00
9.09.0

9.09.0

67.567.5
65.165.1

132.6132.6

4.04.0
49.049.0

53.053.0

1.71.7
1.91.9

3.63.6

00
6.06.0

6.06.0

BSBS CBSCBS CISCIS NTNT %%REGIONREGION SOILSOIL PERIODPERIOD

BS: bare soil;  CBS: conventional tillage, burned stubble;  CIS:BS: bare soil;  CBS: conventional tillage, burned stubble;  CIS: conventional tillage,  conventional tillage,  
incorporated stubble;  NT: noincorporated stubble;  NT: no--till till 

- - - - - - - - - - - - - Mg ha-1 yr-1    - - - - - - - - - -
- - -
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Concept
Complex  technology    

based  on  species  diversification    
- intercropping  or  crop  rotation -,  

minimization  or  suppression  of  crop-
season  gap,  permanent  soil  coverage,   and  

mobilization  of  the  soil  only  in  the seed-
row.

CONSERVATION  MANAGEMENT  PRACTICESCONSERVATION  MANAGEMENT  PRACTICES
NoNo--till  systemtill  system
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19741974 19781978 19821982 19861986 19901990 19941994 19981998 20022002 20062006

4.000.0004.000.000

8.000.0008.000.000

12.000.00012.000.000

16.000.00016.000.000

20.000.00020.000.000
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Period
1974-1979

Period
1980-1992

Period
1993-2006

CONSERVATION  MANAGEMENT  PRACTICESCONSERVATION  MANAGEMENT  PRACTICES

Adoption  of  noAdoption  of  no--till  in  Brazil  till  in  Brazil  

11.900 
ha/year

79.000 
ha/year

1.710.000 
ha/year
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NONO--TILL  SYSTEM  IN  BRAZILTILL  SYSTEM  IN  BRAZIL

Reasons  for  accelerated  adoptionReasons  for  accelerated  adoption

Effective  way  for  controlling    Effective  way  for  controlling    
water  erosionwater  erosion

Reduction  of  time,  labor,  and  costs    Reduction  of  time,  labor,  and  costs    
associated  with  tillage  and  seeding associated  with  tillage  and  seeding 

operationsoperations
Possibility  of  implementing  agriculturePossibility  of  implementing  agriculture--

livestock  combination  livestock  combination  
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Different  phases,  based  on    
temporal  and  spatial    

arrangement  of  species
1st wheat/soybean

CONSERVATION  MANAGEMENT  PRACTICESCONSERVATION  MANAGEMENT  PRACTICES

NoNo--till  system  evolution  till  system  evolution  
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SoybeanSoybean

NONO--TILL  SYSTEM  IN  BRAZIL              TILL  SYSTEM  IN  BRAZIL              
(TROPICAL  PORTION)(TROPICAL  PORTION)  

11stst PHASEPHASE

O     N     D     J     F     M     A     M     J     J     A   O     N     D     J     F     M     A     M     J     J     A   S     OS     O

WheatWheat GapGap
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Different  phases,  based  on    
temporal  and  spatial    

arrangement  of  species
1st wheat/soybean

CONSERVATION MANAGEMENT  PRACTICESCONSERVATION MANAGEMENT  PRACTICES
NoNo--till  system  evolution  till  system  evolution  

2nd black  oats  or  radish/soybean
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O     N     D     J     F     M     A     M     J     J     A   O     N     D     J     F     M     A     M     J     J     A   S     OS     O

SoybeanSoybean Black  oatsBlack  oats GapGap

SoybeanSoybean RadishRadish GapGap

OROR

NONO--TILL  SYSTEM  INTILL  SYSTEM  IN
BRAZIL  (TROPICAL  REGION)BRAZIL  (TROPICAL  REGION)  

22ndnd PHASEPHASE
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Different  phases,  based  on    
temporal  and  spatial    

arrangement  of  species
1st wheat/soybean

2nd black  oats  or  radish/soybean

CONSERVATION  MANAGEMENT PRACTICESCONSERVATION  MANAGEMENT PRACTICES
NoNo--till  system  evolution  till  system  evolution  

3th soybean/millet
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O     N     D     J     F     M     A     M     J     J     A   O     N     D     J     F     M     A     M     J     J     A   S     OS     O

SoybeanSoybean MilletMilletMilletMillet

NONO--TILL  SYSTEM  INTILL  SYSTEM  IN
BRAZIL  (TROPICAL  REGION)BRAZIL  (TROPICAL  REGION)  

33thth PHASEPHASE



Cogo; Denardin; Bertol; Eltz; Volk
December, 2007

Different  phases,  based  on    
temporal  and  spatial    

arrangement  of  species
1st wheat/soybean

2nd black  oats  or  radish/soybean
3th soybean/millet

CONSERVATION  MANAGEMENT PRACTICESCONSERVATION  MANAGEMENT PRACTICES
NoNo--till  system  evolution  till  system  evolution  

Presently soybean/maize/brachiaria-
livestock  combination
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MaizeMaize

Brachiaria & LivestockBrachiaria & Livestock

O     N     D     J     F     M     A     M     J     J     A   O     N     D     J     F     M     A     M     J     J     A   S     OS     O

NONO--TILL  SYSTEM  AT  PRESENT  IN  BRAZILTILL  SYSTEM  AT  PRESENT  IN  BRAZIL
(TROPICAL  REGION)(TROPICAL  REGION)  

SoybeanSoybean
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NONO--TILL  SYSTEM  AT  PRESENT  IN BRAZILTILL  SYSTEM  AT  PRESENT  IN BRAZIL

-- minimization  or  suppression  of  cropminimization  or  suppression  of  crop--seasonseason
gap gap (harvest-plant  process)            
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NONO--TILL  SYSTEM   AT  PRESENT  IN  BRAZILTILL  SYSTEM   AT  PRESENT  IN  BRAZIL
-- minimization   or  suppression of  cropminimization   or  suppression of  crop--season  gapseason  gap
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NONO--tILL  SYSTEM  AT  PRESENT  IN  BRAZILtILL  SYSTEM  AT  PRESENT  IN  BRAZIL
-- minimization  or  suppression  of  cropminimization  or  suppression  of  crop--season  gapseason  gap
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NONO--TILL  SYSTEM  AT  PRESENT  IN  BRAZILTILL  SYSTEM  AT  PRESENT  IN  BRAZIL

-- minimization  or  suppression                  minimization  or  suppression                  

of  of  cropcrop--season  gapseason  gap
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PROBLEMS   ASSOCIATED  WITH  THE  NOPROBLEMS   ASSOCIATED  WITH  THE  NO--TILL  THECNIQUE TILL  THECNIQUE 
IN  BRAZIL  (SUBTROPICAL  REGION)IN  BRAZIL  (SUBTROPICAL  REGION)  

The  strong,  general  impact  of  noThe  strong,  general  impact  of  no--tilltill

leads  to  an erroneous  leads  to  an erroneous  
thoughtthought

induced  by  the  idea     induced  by  the  idea     
that  it  would  be  enough,     that  it  would  be  enough,     

as  isolated practice,     as  isolated practice,     
to  control  all  the  erosion  to  control  all  the  erosion  

problemsproblems
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MISTAKEN  INTERPRETATION  OF  NOMISTAKEN  INTERPRETATION  OF  NO--TILLTILL
ConsequencesConsequences

Terraces  were  removedTerraces  were  removed
Contouring  was  abandonedContouring  was  abandoned

Excessive  grazing  in  the    Excessive  grazing  in  the     
agricultureagriculture--livestock  combinationlivestock  combination

Cropping  systems  restricted  to  soybean    Cropping  systems  restricted  to  soybean     
or  maize/voluntary  black  oat  or  ryegrass  or  maize/voluntary  black  oat  or  ryegrass  

Soil  degradation  - surface  compaction
Low  soil  coverage  - mulch  failure
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EffectsEffects

Terraces  removalTerraces  removal

MISTAKEN  INTERPRETATION  OF  NOMISTAKEN  INTERPRETATION  OF  NO--TILLTILL
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Contouring  abandonement Contouring  abandonement 

MISTAKEN  INTERPRETATION  OF  NOMISTAKEN  INTERPRETATION  OF  NO--TILLTILL
Effects
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MISTAKEN  INTERPRETATION  OF  NOMISTAKEN  INTERPRETATION  OF  NO--TILLTILL

Countouring  abandonement

Effects
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BREAKDOWN  IN  PRACTICE  EFFECTIVENESSBREAKDOWN  IN  PRACTICE  EFFECTIVENESS
(Wischmeier, 1973)(Wischmeier, 1973)  

- “ There  are  critical  slope-length  limits  beyond which 

the  effectiveness  of  conservation  tillage  practices  

diminishes  so  that  C  values  derived  from  the regular  

soil-loss  ratio  procedure  are  no  longer  applicable ”

- Also  called  “mulch  failure”
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No-tillage
No-tillage
No-tillage
Reduced  tillage
No-tillage
No-tillage

CRITICAL  SLOPECRITICAL  SLOPE--LENGTH  LIMITS  IN  CONSERVATION  TILLAGELENGTH  LIMITS  IN  CONSERVATION  TILLAGE

Crop  residue
Tillage

Type Dosage
(Mg ha-1) 

Condition  

Critical
length

(m) 

maize
wheat

soybean
maize
maize

soybean

12
4
5

12
5
4

fresh
fresh
fresh
fresh

semi-dec.
semi-dec.

328 - 483
106 - 143
94 - 108

147 - 209
87 - 174
29 - 58

EROSION  UNDER  CONSERVATION  TILLAGEEROSION  UNDER  CONSERVATION  TILLAGE
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Pontão - May,   2007

Pontão - May ,  2007

Pontão  - May,   2007

Pontão - May ,  2007

Effects  (mulch  failure)Effects  (mulch  failure)  
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SOIL  AND  WATER  LOSSES  IN  DISTINCT  TILLAGE  METHODSSOIL  AND  WATER  LOSSES  IN  DISTINCT  TILLAGE  METHODS

-- -- Mg haMg ha--1    1    -- --

Bare,  conv.Bare,  conv.--tilled  soiltilled  soil
Conventional  tillageConventional  tillage
Reduced  tillageReduced  tillage
NoNo--tillagetillage

Tillage methodTillage method Soil  lossSoil  loss Water  lossWater  loss

45.5
11.8
4.6
9.8

16.40
1.94
0.13
0.12

-- -- %  rainfall %  rainfall -- --
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NUTRIENT  LOSSES  IN  SURFACENUTRIENT  LOSSES  IN  SURFACE--RUNOFFRUNOFF
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CONCLUSIONCONCLUSION
The  no-till  system,  built  on:

agriculture  or  agriculture-livestock  combination  
with  crop  rotation

minimization  or  suppression  of  crop-season  gap
use  of  mechanical  and  vegetative  erosion  control  

practices
soil  acidity  and  soil  fertility  correction

precise  use  of  inputs

CERTAINLY  CAN  BE USED  AS  AN EFFICIENT  TOLL  CERTAINLY  CAN  BE USED  AS  AN EFFICIENT  TOLL  
FOR   A  SUSTAINABLE  AGRICULTURE  IN  TROPICAL  FOR   A  SUSTAINABLE  AGRICULTURE  IN  TROPICAL  
AND  SUBTROPICAL  REGIONSAND  SUBTROPICAL  REGIONS
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FINAL  CONSIDERATIONFINAL  CONSIDERATION
Usage  of  noUsage  of  no-- till  as  a  tool  for  agriculture till  as  a  tool  for  agriculture  

development  and  conservation  in  the  tropics development  and  conservation  in  the  tropics  
depends  on  both depends  on  both  

the  the  QUALITYQUALITY and  the  and  the  QUANTITYQUANTITY
of  biomass  produced of  biomass  produced  

by  crops.by  crops.
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