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Soil ecosystem services

o o ¥ 2015 Ecosystem services are the benefits people
S O 11 e S S obtain from the ecosystem.
- Y = | As an integral part of the terrestrial
functions ecosystem, soils play a crucial role in the

provision of a myriad of so-called

soil ecosystem services

Millenium Ecosystem Assessment Reports 2005 - FAO, 2018



SOI ‘ eCOSySte m Se rVI CeS A conceptual diagram was developed by Adhikari

and Hartemink (2016), which relates individual
soil properties to soil ecosystem services.

* Soil organic carbon

* Sand, silt, clay, & coarse
fragments

*Soil pH

*Depth to bed rock

* Bulk density

* Available water capacity

= Cation exchange capacity

« Electrical conductivity

* Soil porosity & air permeability

* Hydraulic conductivity &
infiltration

» Soil biota

* Soil structure & aggregation

* Soil temperature

* Clay mineralogy

* Subsoil pans
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Soil ecosystem services
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Key questions

* What are the main impacting factors that affect soil carbon dynamics?
* How to assess the sustainability of agronomical practices?

* Are we able to simulate soil structure (clay translocation processes),
even if they are acting on different time scales?

» Does particle transfer explain (at least partly) soil carbon dynamics ?
* Are land use practices responsible for changes in soil structure?
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Soil ecosystem services .. prediction
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Soil organic matter

Sel, N Soil carbon dynamics
> Soil particle dynamics
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Projection over time
of soil properties

|sotopes =
soil memory

e - carbon

19Be, 137Cs, 210PDb, — texture



From age to soil particle and carbon dynamics

1OBe’ 137CS, 210Pbxs 14C, 13C

Element input from the
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From age to soil carbon and particle dynamics

Isotope

210pp (xs) @

© Jagercikova

Half-life Herit. Input

22.3 no
30.2 no
5730 yes
stable yes

1.39x10° yes

+ constant

natural
238(y ., 222Rn > 210pp

nuclear weapon tests,
Chernobyl, Fukushima

(((((

natural +
nuclear weapon tests,
fossil fuel combustion

+ constant

natural

Jagercikova et al. 2017



Modelling of vertical transfers of matter.

Modelling by a convection-diffusion equation

dC(z,t) /0

o 0z

Boudreau, 1986

Isotopic concentration atoms/cm?

Diffusion

Bioturbation Bioturbation

@ — Diffusion Clay translocation
v , (Boudreau, 1986, Elzein and Balesdent 1995) — Convection

Jamagne, 1973 (Jagercikova et al., 2014)

Depth (cm)

Jagercikova et al., 2017
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Experimental

10Be ASTER
(3Cl) HVEE 5MV 4150AMS
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ECHoMICADAS
14C ETHZUrich (lonPlus) MICADAS
13C Rintintin
Thermo Delta+XP

137Cs Low-level background gamma spectrometers
210pp, (N or P-type ultrapure Germanium)

Géochimie des Impacs ‘@ LSCE Arnold et al. 2010 - Tisnérat -Laborde et al. 2015 - Evrard et al.



Experimental

bulk
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dispersed inultra-pure water

with agate beads

22 hin a overhead'shaker (37 rpm)

decantation

tokes's law)

water

137CS
210PbxS

spiked with °Be

fully digested HF-HNO,-HCIO,,
chelated with acetylacetone at pH 7
extracted by CCl,

oxidized to BeO at 800 °C

carbonate leaching as "perfect bulk"

(i.e. w/o loss of aminoacid and sugar)

3 measurements per sample

oxidation in EA coupled to MICADAS — gas
source for 1C

oxidation in EA coupled to Delta+XP for 13C

packed in polyethylene cups

airtight sealed to trap the 222Rn

activity determined at 661.6 keV (*3’Cs) and
46.5 keV (219Pb)

substraction of supported total 21°Pb
activity to get ?1°Pb,

..., Jagercikova et al. 2014, 2015 — Tifafi et al. 2018 — Sitor et al. 2022
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https://www.elementalmicroanalysis.com/product_details.php?product=D1003&description=Tin-Capsules-Pressed-Standard-Weight-5-x-3.5mm-pack-of-100&
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Tracing vertical transfers of matter
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Multi-isotopic modelling

evaluation of diffusion (bioturbation) and
convection (clay translocation) coefficients to
best fit ALL proxies of soil dynamicsS : organic
carbon dynamics and particle dynamics

0C(z,t) d (D(Z)(?C(z, t)) B ov(z)C(z,t)

9t oz 9z 0z @)

C-isotopic concentration per volume, D-diffusion coefficient, v-convection velocity, A-radioactive decay
He and Walling, 1997; Schuller er al. 1997

Example of a Luvisol profile under pasture at
Mons-en-Chaussée (France)

Jagercikova et al., 2017



Depth (cm)

Modelling vertical transfers of matter

0.0 years

Mons: Grassland
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0.6

Dynamics of clay
translocation over
the last 15,000 yr

i.e. using the D and v coefficients
from multi-isotopic modelling to
mimics <2um fraction dynamics

e [0-30yr]: belly formation
* belly migrates deeper and widens
<- diffusion

e +5kyr: equilibrium (~ present day
position and dimension), belly
stagnates (velocity rate slows) and
doesn't change till today

Jagercikova et al., 2017



] Impact of Iand—uge on vertical transfers of matter

Or: O
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Diffusion (cm? yr 1)

Advection velocity (cm yr!)

Mons — grassland
Mons — wheat-corn-sugar beet rotation, conventional tillage

Feucherolles — corn-wheat rotation, conventional tillage
Boigneville - wheat, conventional tillage

D and v coefficients differs according to

land-use

conventional tillage masks advection for the

upper 20cm
Advection velocity reaches ~ 0 deeper in

grasslands than under conventional tillage
* Same for diffusion (bioturbation)

Jagercikova et al., 2017



<«

v

Partial conclusions — soil particle dynamics
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Key questions

* Are we able to simulate soil structure (clay translocation processes),
even if they are acting on different time scales? = YES!

» Does particle transfer explain (at least partly) soil carbon dynamics ?
= YES, it seems so !

e Are land use practices responsible for changes in soil structure?
=> YES |
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Soil carbon dynamics
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Frequentist statistics Mathieu et al., 2015

Fig. 1 Representativeness of the 122 selected profiles. Upper left: repartition worldwide; upper right: repartition of profiles according . . .
to the sample year (grouped by decades); middle left: repartition of profiles according to the associated ecosystem; middle right: repar- BayESIC/n statistics Jreich et al. 2018
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-600 -400 -200 0 200
T

Soil carbon dynamics

Depth (cm)
100
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T

Expectation-maximization + Metropolis-Hasting algorithms
= Vi=1,4 O, =f(depth, soil type, climate, vegetation, landuse, sampling date)
(R?=0.68)
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Luvisol; humid cool; Chernozem; dry continental; Cambisol; humid cool; Podzol; humid cold; Chernozem:; cold continental;
cultivated grassland natural forest forest grassland

Mathieu et al., 2015



Depth (cm)
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Site repartition

latitude

Soil carbon dynamics N

AT (o, : S . -
oo topsoil AC is primarly affected by T T
—600 -400 -200 0 200 longitude

' ' climate and cultivation

01 + 0o deep soil Al4C is affected more by

] soil taxa than by climate
B A14Cz=100 (%0)

soil great group amount of clay type of clay -7.00 'SIOO _3.00 -1.00
andosol high very-high-activity —0—
nitisol high low-activity —e—
vertisol high high-activity —0—
chernozem [1] medium high-activity T
ferralsol [2] ~ medium to high low-activity —0—
luvisol [3] medium to high medium-activity —o—
cambisol low medium-activity o
podzol very low low activity —O+

[1] includes mollisols of the USDA
[2] includes oxisols and ultisols of the USDA
[3] includes alfisols of the USDA

Mathieu et al., 2015



Agronomical practice evaluation

scientific question:

selection
°
7 root exudate

carbon input

drought resistance

yield ?

Nl - N\ [ - s there a hyper-productive line of millet (Pennisetum glaucum)
/,\\ \j /,\\ \j that combines positive soil carbon balance, drought resistance and
/ \\ In / \\ /n yield?

challenges:

"balance" the plant's C sinks (root exudation, aboveground
biomass, grains)

Increase new carbon input limiting carbon output by "priming
effect”

to evaluate an increase of the stock as low as 0.4% in 1 year
to carry out an assessment of the carbon stock over time

Sitor et al., 2022



Agronomical practice evaluation
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\\\/7 |77
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Silmmans  ginNWe  mi * drought resistance
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Sitor et al., 2022
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Agronomical practice evaluation

SOC (% wt)
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Delta_13C

L132-RAS
L132-Bulk
L253-RAS

L220-RAS
L220-Bulk
L3-RAS
L3-Bulk

L253-Bulk

L220 L3 L253

Soil organic carbon [%wt]

Control

-22.0

* No visible change in total organic carbon
* Rhizodeposition is highlighted by *3C analysis
(and differs with genotypes)
* Priming effect is highlighted by 14C analysis
(loss of some decades old C)

bed

[ T1 rootadhering soil

1 bulk
I

control

(c)

L220-RAS

L220-Bulk

;
3

L3-Bulk
L132-RAS

L220

L3
O13C [%o]

L132-Bulk

L253-RAS
L253-Bulk
Control
L220-RAS
L220-Bulk
L3-RAS
L3-Bulk
L132-RAS| *
L132-Bulk
L253-RAS
L253-Bulk
Control

L253 L220 L3 L253

Fl4C

Mass balance :

= L3 destocks more soil carbon than it brings in

—L132 is a good "4%0" candidate : it contributes to
new C input while keeping reduced loss of soil C

Sitor et al., 2022
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Key questions

* What are the main impacting factors that affect soil carbon dynamics?
=> climate and cultivation on top, soil type for deep soil layers

* How to assess the sustainability of agronomical practices?
=> thanks to carbon isotopes

e Are we able to simulate soil structure (clay translocation processes), even if
they are acting on different time scales? = YES !

e Does particle transfer explain (at least partly) soil carbon dynamics ?
= YES, it seems so |
* Are land use practices responsible for changes in soil structure? = YES !






Conclusion

* [sotopes are memory of soil for both mineral and organic dynamics
* Soil processes are highlighted by isotopes
* |sotopes are tools to evaluate sustainability of agronomical practices

* Soil ecosystem services understanding, evaluation and projection are
on isotopes' hands

1OBe - 14C 210pb
C 137CS



Take home words

SOIL " Ecosystem services =
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Climate
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