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Context
Soil quality in critical condition Global warming

Lack of organic carbon Excess CO2

https://www.youtube.com/watch?time_continue=36&v=Z4bSxb5THm4

ht
tp

s:
//

w
w

w
.m

ed
ia

te
rr

e.
or

g/
20

17
08

20
01

23
04

.h
tm

l

https://www.terre-net.fr/2179-149712.html

ht
tp

s:
//

w
w

w
.t

er
re

-n
et

.fr
/2

17
9-

14
97

12
.h

tm
l

?Carbon

Photosynthesis



Solution with conservation agriculture (CA)?
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http://www.fao.org/zhc/detail-events/en/c/238478/



Effect of CA on soil organic matter
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Based on figure by Balesdent et al. (2000) 
recolored

Profile 
relocation Soil quality Carbone

sequestration

well established still debated 



Disputed solution
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Minasny et al. 2017

Initiative 4 per 1000 and the practice of CA are controversial

What about the quality of the stored SOC 
?

SOC = soil organic carbon

What about the clay saturation ?



Main objectives of the study: 

1) Compare the quality of organic carbon under CA and CT

2) Study the equilibrium of OM pools according to the 
degree of clay saturation

6



M&M : data collected
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45  Plots (on farm)
28 in CA > 10 years

17 in CT

Sampling depths [cm]
0-5

5-10
10-20
20-30
30-40

Analysis:
• Clay content (10-40%)
• SOC content (0.5-4.5%)
• SOM quality (RockEval®)

Soil type (WRB):
Cambi-luvisol on mixed moraine/molasse
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= Conservation Agriculture

= Conventional Tillage

Results : SOC (CA vs CT)

Relocation of OM in the soil profile
• More SOC for CA at 0-5cm depth range
• More SOC for CT at 20-30cm depth range
• No difference for other depth range

Not a paired experiment



M&M: Rock-Eval® analysis
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CHO

CO & CO2

Diagram based on the diagram of Sebag et al. 
2006 with the information of Sebag et al. 2016
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Data analysis : variable selection
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HIAx

texture fractions (clay, silt, sand)
SOC
SOC:clay ratio
soil tillage
Depth
pH
Rock-Eval® analytical serie °n
Altitude
cumulated rainfall (mm) during the 2 weeks before sampling
….

Independent variables

Dependent variables

• SOC:clay ratio
• Depth

step wise
AIC



Result: SOM thermal pools (CA vs CT)
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• Almost no major difference between 
CA and CT for OM thermal pools

• The remaining differences are driven by 
the SOC, not practices

• Practices play only an indirect role via 
the relocation of OM in the profile

HIA1 [mg HC. g-1 SOC]

HIA5 [mg HC. g-1 SOC]HIA4 [mg HC. g-1 SOC]HIA3 [mg HC. g-1 SOC]

HIA2 [mg HC. g-1 SOC]

= Conservation Agriculture

= Conventional Tillage



y = 10.818ln(x) + 10.96
R² = 0.6324
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Result: Proportion of different HC pools

No relationshipLinear relationship Logarithmic relationship
(or brocken-stick)

y = 1.8181x + 23.123
R² = 0.6161
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HIA1
Most labile

y = 2,2644x + 22,307
R² = 0.7039
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y = -0.0267x + 16.889
R² = 0.0025
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Structure Vulnerability Index (Johannes et al. 2017)

Critical Attainable Optimal

Resistant

Refractory

Most labile

Labile

Most refractory

Structure high 
vulnerability:
low proportion 
of resistant and 
refractory 
thermal pools

Structure low 
vulnerability:
big proportion of 
labile and most 
labile thermal 
pools



Conclusion

• No direct differences on OM thermal pools between CA & CT
CA & CT are categories too large : need to study practices in more detail

• No clay saturation by OM from quantitative point of view… BUT :
• For OM thermal pools equilibrium : yes !
• Saturation limit point of the SOC:clay ratio correspond to the 

threshold of the soil structure vulnerability index

Importance to considering both, stable AND labile pools for soil 
quality
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Thank you for your attention

Email : 
cedric.deluz@hesge.ch
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