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Dégradation des sols: érosion,….

✓ 3 millions ha des superficies sont

exposées à l’érosion

✓ 25 million m3 of des sédiments (érosion

sol en pente)

✓ 10.000 to 15.000 ha des superficies

perdues par an

4



Début de la tragédie (USA 1900) 



Terminologie???

Semis Direct

Semis sur couvert végétal

Agriculture de Conservation

Zéro labour

conservation

du sol et durabilité

de la production

Travail minimum du sol



AC est une méthode de gestion des agro-écosystèmes qui a pour but

une amélioration durable et rentable de la productivité, tout en

préservant et en améliorant les ressources naturelles.

Principes de l’Agriculture de conservation

AC

Travail 
minimal 

du sol

Gestion 
intégrée 

des 
nutriments

Diversificati
on des 

cultures

Couverture 
permanent
e du sol par 

un mulch



World wide adoption of No-tillage 2006-07

(Derpsch, 2005; and CAAPAS, 2008

Total 195 Million ha

40 M ha (32%)

56 M ha (46%)

1 M ha (1%)

4.7 M ha (3%)

6.5 M ha (4%)

1.7 M ha (1.4%)

Tunisie 14000 ha

Maroc 8000 ha

Algérie 6000 ha



0.23

10 years

0.023 million ha yr-1 0.112 million ha yr-1

18.84

10 years

1.35

4.87 times

Développement du zero labour au Brésil (1972 – 2006)
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ثبات عالي لهيكل التربة

Agriculture de conservation

ثبات عالي 

لهيكل التربة

Concept de l’agriculture de conservation



Comprendre les MOS dans le systéme CA



“To understand the soil organic 
matter in no-tillage system you 
have to think as a crop residue”



Input of 1.0 ton of 

crop residues

0.736 ton

25° SL

Ponta 

Grossa

Soil organic matter pool’s

Live organism

0.044  

Stable (0.22 ton)

Humic 

Substances

No humic 

substances

0.06   0.16   

CO2

Source: Sá et al. 2001; 2007 

Distribution of the decomposition products of the crop 
residues in the SOM pools

Cerrado 

Sinop-MT 

0.863   

14° SL Cerrado 

(PvLt)  

0.847 

16° SL



No-Tillage

Reaggregation

CR + 
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C flux
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Basic differences among of the land 

use systems



SOC

Decomposition 

Rate

Microbial 

biomass C, N 

Mineralization 

nitrification

Biological 

Attributes

CEC

Nutrients 

availability

pHRedox 

Potential

Chemical 

Attributes

Bulk 

density

Porosity

AggregationInfiltration

Penetration 

resistant

Physical 

attributes

SOC and Soil attributes interactions



How is the organic matter formed 

under no-tilage soils?



Pools of the soil organic matter

Crop Residues

Microbial Biomas

Rizodeposites
Light 

fraction

Active pool

Humus
Humic substances

Non Humic subst.

Stable pool

+

H2O

+

Sunlight 

energy



S
o

u
rc

e:
 S

á
, 

e
t

a
l,

 2
0

0
4

y = 9002 – 29.95x

R2 = 0.98***
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29.95 kg day-1 of DM

Planting 
(05/10/03)

Flowering Physiological 
maturation

Harvest 
(14/03/04)

Crop residues decomposition (oats + remaining residues) during the corn 
development (Piraí do Sul, 910 m ASL, 25 °SL, 2003-04, Oxisol (62% of clay)

9106 kg ha-1 DM = 4098 kg ha-1 C

4210 kg ha-1 DM =  

1985 kg ha-1 C



Planting 
(19/10/03)

Flowering Harvest 
(16/02/04)

Crop residues (Brachiaria decumbens) decomposition during the corn development
Rio Verde, 880 m ASL, Latitude  16° S, 2003-04, Oxisol (65% of clay)
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Impact of crop residues on 

Soil Organic Matter

C and N Stock

4 mm

Particle size



Celulose

(Polifenols)

Lignin

Buffer Front and 

aggregation

Continuous C flux



Celulose

(Polifenóis) Ligninas

Buffer Front and 

aggregation

Continuous C flux

Macroaggregation (Physical protection) 



Decomposition active zone

Aggregation active zone

Zone of aggregation in layers



The aggregates are formed in layers accordingly 

with the crop residues replacement

Horizontal and vertical fungy action



Soil organic carbon on the soil profile
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Understanding the aggregation in 

Conservation Systems with     

permanent cover crops





Silt-size microaggregate

Clay microstructures

Plant and fungal debris

Particulate organic matter

Microaggregates 20-90 and 90-250 m

Mycorrhizal hyphae

Pore space; polysaccharides and other

amorphous interaggregate binding agents

Microaggregates-macroaggregates model

Adapted from Jastrow and Miller, 1997

Slide from Dr. Charles Rice Presentation - Argentine

Plant  root

Microaggregate  <250 m

Macroaggregate  >250 m

© 1999 M.Mikha



Macroaggregate model and hierarchy
(Tisdall & Oades, 1982)



Aggregates

▪ Macroaggregates

➢ Binding between microaggregates

➢ Weak binding than microaggregates

➢ Easily disrupted

➢ On the field are affected by soil management system



Microaggregates

(Diameter < 250 µm)

✓ The SOM is linked 
and is protected 
by long time (> 

1000 years)



Polysaccharides

Bacteria

colony Clay

Bacteria protection

Microaggregates formed by bacteria

Foster, 1983 - cells and bacteria colonies 
are enclosed for polysaccharides capsules, 
being parallel the enclosed capsule and 
aligned by clay particles in the wall cells, 
forming an aggregate 

40 to 60% of the soil microbial biomass 

can be associated with the 

microaggregates from 2 to 20 µm, 

depending on the amount and clay type

Robert e Chenu, 1992 - 90% of the 

bacteria content is linked to clay mineral

The biomass apparently died due to 

the dry soil can retake growth with the 

wetting.



Microaggregates 
(20 to 250 μm)

Clay OMCB

Formed through the union of particles or microstructures 
smaller than 20 μm

Linked for fungus debris, crystalline oxides and alluminosilicates 
highly disordered

Organic matter little decomposed (high C/N ratio and high 
concentration of the O-Alkyl-C).  In some soils, particles of that size can 
be easily eroded, when great amount of organic matter is removed.

Binding phase

Grouping









Effet de l’AC sur la vie dans le sol



FIBL, 2013

Effet du travail du sol sur la biomasse des lombrics



WUE of Durum wheat under CA system

Cheikh M’hamed et al., 2017

wheat/vetch 1,52 1,40 2,40 2,08

Wheat:wheat 1,29 1,27 2,10 1,90

CA CovA

EUE-MST (kg m-3)

wheat/Faba bean 1,41 1,46 2,27 1,98

Crop rotation

2013-2014 2014-2015

CA CovA

Cheikh M’hamed et al., 2014



Merci de votre attention
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