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Land degradation in the Argentinian Pampas

 High silt and very fine sands
contents

 Bioliths and volcanic glasses
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 High silt and very fine sands
contents

 Bioliths and volcanic glasses

 Semi-rigid mineralogy

Fragility to soil
physical

degradation

Pampean Region

Most fertile
soils in the world

535 000 km2
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E

illite Interestratified S+I/S

Semi-quantificación
Accorfing Holtzappfel, 1985
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Fragility to
soil physical
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Fragility to
soil physical
degradation

W
E

Inadequate land

management

 High agrochemicals inputs 

(N°2 in the world) 65% Glyphosate

Insufficient 
soil cover

Low winter 
crops 
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Low crop 
diversification

Tendency to
soybean

monoculture

RR 
Soybean

High 
Agrochemical

inputs

(FAO, 2015) 
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Fragility to
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Soybean Monoculture / 

Agriculture expansion

Heavy transit

High Silt content -Low density

Low Swelling-Shrinkage process

• Sustainable agriculture

intensification

• Cover crops

• Agroecology

physical quality compromised

soil structure formation and stability

• Runoff – Water excess

• Contamination hazards

• Productive failures

Degradation processes

Soil structure
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Behrends Kraemer et al., 2011a

Behrends Kraemer et al., 2011b

Groundwater contamination potential - GWCP - (Glyphosate and AMPA)

(Dalpiaz & Andriulo, 2017)

● Soil vulnerability (SLPI)

○ Soil texture, pH, OC content and preferential flux (layers texture ratio)

● Agrochemical lixiviation potential (PLPI)

○ Product half-life, ⅀ applications, Koc.

GWCP= SLPI-PLPI *100

Particle content (%)
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Aggregates Fragments
Planta and fungus residues

Silt size microaggrregates derived

from microbial and organominerals

association

Clay microstructure

Micoriza

Organic matter colonized by

hyphae

Pore space; polyschacharides and 

other amorphous agents

Adapted from Jastrow y Miller 

(1998)
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Microaggregates

90-250 y 20-90 µm

Structural

arrangement

Structural

stability
Structural

resilience

Kay, et al. 1990

Study approach
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Microvision

Argiudoll
(Pergamino)

Argiudoll
(Monte Buey) HapluderteHaplustoll
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Electro scanning

Microcope (gold wahs)
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Structural

arrangement

 High structural heterogeneity in the first cm of 
the topsoil

 Ocurrence of dense and platy structures

 Different conformation of these structures (i.e. 
Biological vs. Mechanical)
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Structural

arrangement

 Propose different pathways

 for structural differentiation

 Biology vs Machines

 Deep alteration on porosity traits (i.e. volume. 
continuity and orientation)

RIMAPS
(Rotated Image Average Power Sectrum – Fourier Tr.)
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Effects of NT convertion on porosity traits and aggregate stability

Behrends Kraemer and Morrás, 2023
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Structural

arrangement

Aggregate

stabilitytEffects of NT convertion on porosity traits and aggregate stability
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Structural

arrangement

 High structural anisotropy

 Different results for Glyphosate and AMPA

Ocurrence Runoff or Soil

 Results intepretation were complex.
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Structural

arrangement

 Knowledge of structural anysotropy let us understand GLY and AMPA dynamics

 Contrasting molecular sizes (GLY and AMPA), occlusion and differential ksat (volumen and 
orientation), biological activity, etc.
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Aggregate

stability

Aggregate stability

depend on soil mineralogy

Aggregate stability

depends on OC quality
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Management effect

> intensif, > AS



Mollisols Vertisols

Soil Hydrophobicity

(WDPT –Log10 s)

Aggregate

stability
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 Non-tillage and Cover crops-

 After CC and after chash crop harvest

 Capitán Sarmiento Series

 San Antonio de Areco, Buenos Aires

Castiglioni y Behrends Kraemer, 2019

control

Le Bissonnais method  diffents pre-treatments have

diferent magnitude and dynamics through time

 Mechanistics information

 Differential contribution of roots and

crop residue + root decomposition

Root effect Crop residues effect

and root decomposition

Slaking Microfissuration Agitation Average

Aggregate

stability
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>Crop intensification and >aggregate stability

Aggregate

stability

Giustiniani, E.; Behrends Kraemer, F.; Garibaldi, L A, 2023-V
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Intensification of the crop sequence improves soil carbon stock and

aggregate stability: A meta-analysis of the central-estern of Argentina



Sieved soil (D) 

Undisturbed soil structure (UnD)

Ƒ Adsorption and  nutrients (OC, pH, IF, granulometry) and Soil Structure

Ƒ Adsorption and nutrients (OC, pH, IF, granulometry)

Soil

Structure

Structural

arrangement

Aggregate

stabilityAnother approach: (inspired by Chenu and Horn research)
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Effects of different structural arrangement and water regime on biological activity and 

glyphosate degradation in mesopores

Sainz & Behrends Kraemer, in prep.

Θ
(c

m
-3

)

Glyphosate

in agggregates

mesopores

Structural

arrangement

Aggregate

stability

-30 kpa -300 kpa

Open platy 1,15 1,85

Platy 2,10 1,90

Dense 1,60 1,60

Soil respiration ratio

between sieved/undisturbed

sieved undisturbed

Platy and Dense W/GLY < soil respiration

Glyphosate  equalizes differences

Open Platy  Gly or no Gly =
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Complexicity

Behrends Kraemer et al., 2014

SWAT model
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 Strong effects of platy structures on Ksat

 Runoff - Subsoil lateral water movement
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10 samples with

different platy

structure ≠ depth and 

conformation

Cover & Bare

W&D 10 cycles

Glyphosate

Application

(1,8 L ha)

.

Sainz, D.,  Behrends Kraemer, F., , et al., 2023 (sent Plant and Soil Analyses)

Soil hydro-physical variables and crop residues determinates runoff, soil loss, 

Glyphosate and AMPA concentration in the aqueous phase under simulated rainfall events

R
a
in

fa
ll

si
m

u
la

ti
o
n

(1
0
0
 m

m
 h

-1
)

Blue brilliant

runoff

V
is

it
in

g
S
o
il

S
tr

u
c
tu

re



Pesticide dynamics:

• Rainfall erosivity

• Cultural Profile

• Ksat and rainfall sim. Ksat

• OC-pH-SWR
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 High runoff coefficient

 Low ksat (lower in rainfall sim)

 Platy structure and poor AS
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Runoff Soil

 Different pesticides dynamics in 
runoff and soil

 Close relationship between
Erosivity and Ksatpesticides in 
runoff

 Physical and chemical constraints
explain pesticide dynamics

 No pesticide acumulation

Ex-situ contamination
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Final Remarks
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Filipović, V., Coquet, Y., Pot, V., Houot, S., Benoit, P. (2014).
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