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Does the chemical composition of organic waste products applied on soil

impact the dissolved organic carbon concentration along the soil profile ?




Context and issues




Anaerobic digestion, different composition

of digestate compared to initial OWP :
enrichment in recalcitrant molecules (e.g.
lignin-derived) (Hafner et al., 2022; Tambone et al., 2009) aNd

dicarboxylic acids from acidogenesis stage
(Liebetrau et al., 2017)

 DOM from digestate persists for longer in
the soil ?

« Auxin-like effect of digestate
(Ertani et al., 2013; Scaglia et al., 2015; 2017)




leaves, stems) and root exudation (aiitzetal.,
2000)

Exudation: low molecular weight
compounds (e.g. dicarboxylic acids,
carbohydrates) (vives-peris et al., 2019)

of digestate compared to initial OWP :
enrichment in recalcitrant molecules (e.g.
Iignin-derived) (Hafner et al., 2022; Tambone et al., 2009) and

dicarboxylic acids from acidogenesis stage
(Liebetrau et al., 2017)

 DOM from digestate persists for longer in
the soil ?

Enhancement of root

* Auxin-like effect of digestate __ biomass and exudation ?

(Ertani et al., 2013; Scaglia et al., 2015; 2017)
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éL Context and issues

In a previous lysimeter study over 9 drainage seasons (bidelot et al., 2024 submitted)

Impact of digestate (DIG) and its original pig slurry (PS) on [dissolved organic carbon] (DOC)
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In a previous lysimeter study over 9 drainage seasons (Didelot et al., 2024 submitted) :
Impact of digestate (DIG) and its original pig slurry (PS) on [dissolved organic carbon] (DOC)

Topsoil: modulation of [DOC] by crop development for DIG
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In a previous lysimeter study over 9 drainage seasons (Didelot et al., 2024 submitted) :
Impact of digestate (DIG) and its original pig slurry (PS) on [dissolved organic carbon] (DOC)

Topsoil: modulation of [DOC] by crop development for DIG

Extra DOC ?
J)

Higher
Solubilization exudation
of sorbed through a
recalcitrant potential
OM from DIG auxin-like
effect of DIG




In a previous lysimeter study over 9 drainage seasons (Didelot et al., 2024 submitted) :
Impact of digestate (DIG) and its original pig slurry (PS) on [dissolved organic carbon] (DOC)

* Topsoil: modulation of [DOC] by crop development for DIG -

stard S Extra DOC ?
Repeatable: 5 seasons_; N

Higher
Solubilization exudation
of sorbed through a
recalcitrant potential
OM from DIG auxin-like
effect of DIG
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Subsoil: no [DOC] difference between treatments

- Preferential sorption on the mineral phase of the molecules transferred under the
DIG modality
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Objectives

Evolution of the composition of DOM collected by the lysimeters compared:

* between PS and its DIG when [DOC] diverged or converged
* between different winter crops

* between the topsoil and the subsoil
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Evolution of the composition of DOM collected by the lysimeters compared:

* between PS and its DIG when [DOC] diverged or converged
* between different winter crops

* between the topsoil and the subsoil

DOM composition analysed by thermochemolysis coupled to gas chromatography and
mass spectrometry (THM-GC-MS) :
identification of biomarkers that can bring information regarding the DOM sources
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*f“v Soil type: Luvisol-redoxisol
Topsoil: 1.2% C,,,,, pH 6.3

Long-term observatory (2012-2032) in Subsoil: 0.29% C

Northwest France

orga

2 treatments applied in spring :
Pig slurry (PS) Equivalent
Digestate from this pig slurry (DIG) | N supply




Topsoil: 1.2% C,,,,, pH 6.3

Long-term observatory (2012-2032) in Subsoil: 0.29% C

Northwest France ores
2 treatments applied in spring :

Pig slurry (PS) Equivalent

Digestate from this pig slurry (DIG) | N supply

Winter crops: winter wheat (sown in November)
or white mustard (sown in September)




Material and methods

SOERE-PRO

"'fvp"t “‘}»4 i Soil type: Luvisol-redoxisol
Topsoil: 1.2% Cqg,, PH 6.3

Long-term observatory (2012-2032) in Subsoil: 0.2% C

Northwest France

orga

2 treatments applied in spring : e o ;;" ":'.'" Drainage season:
Pig slurry (PS) Equivalent % __ = November to
Digestate from this pig slurry (DIG) | N supply g " 2 ' March

Winter crops: winter wheat (sown in November)
or white mustard (sown in September)
Sample collection,

Soil solution : topsoil (40cm) and subsoil (90cm) filtration, [DOC]
measurement




<M Material and methods

and futurechallenges

Selection of one season for each crop: representative of the other seasons (repeatable)

THM-GC-MS analyses on :
- Lysimeters samples: 2 dates/season in the topsoil + 1 date in the subsoil
- Water-extractable OM (WEOM) from the raw PS and DIG




Material and methods

Selection of one season for each crop: representative of the other seasons (repeatable)

THM-GC-MS analyses on :
- Lysimeters samples: 2 dates/season in the topsoil + 1 date in the subsoil
- Water-extractable OM (WEOM) from the raw PS and DIG

Mustard , Wheat

[DOC]
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Average subsoil [DOC]: 0.9 = 0.2 mg.L*!



g Material and methods

|dentification by TH M-GC-MS of 46 targe molecules (4groups)
¥ blomarkers derived from plants or microorganisms
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Carbohydrates (CAR)

Fatty acids (FA)

Dicarboxylic acids (DA)

——

Lignin and tannin derived markers (LIG)




Applied DIG : high %LIG and %DA
Applied PS : high %FA
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Applied DIG : high %LIG and %DA
Applied PS : high %FA

In soil solution :
DIG : DOM composition similar to the one of applied
DIG WEOM
* PS:high %LIG and %FA
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Applied DIG : high %LIG and %DA
Applied PS : high %FA

In soil solution :
DIG : DOM composition similar to the one of applied
DIG WEOM
* PS:high %LIG and %FA

0IC contribution || i |

DIG
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sl Wwhen [DOC] diverged
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D16 contribution

un’dermmisitalicl

Applied DIG : high %LIG and %DA
Applied PS : high %FA

In soil solution :

DIG : DOM composition similar to the one of applied

DIG WEOM

* PS:high %LIG and %FA

Mustard (sown in
September): peak of DA
exudation of Brassicaceae

(Mimmo et al., 2011; Kim et al., 2010)
around October
Before the drainage season

Low contribution to DOM
pool



In soil solution :
DIG : high %DA and %LIG, applied DIG signature less
obvious
* PS: high %FA, %LIG, %DA
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In soil solution :
DIG : high %DA and %LIG, applied DIG signature less
obvious
e PS:high %FA, %LIG, %DA

0IC contribution || i |

DIG




In soil solution :

* DIG : high %DA and %LIG, applied DIG signature less
obvious
e PS:high %FA, %LIG, %DA

D16 contribution

Wheat (sown in November):
jointing stage around
February-March

High exudation of DA to
attract growth-promoting
rhizobacteria (chen et al., 2019)

2\ Enhanced by auxin-like
effect ?
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[DOC]
divergence

[DOC]
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[DOC]
divergence

[DOC]
convergence
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Toward the end of the
drainage season :

[poc] [DOC] .
divergence convergence * DIG : no evolution,
lower quantity of DOC

but constant DOM
guality

 PS:overall decrease
of %FA and increase of
%DA




* Topsoil : higher
%DA and %LIG

e Subsoil :
higher %CAR
and %FA

DOM input organic  DOC  Composition of
[DOC] 10 mg.L? Plant-derived layer DOM and SOM
Fluxes: 31 kg.ha'? ) compounds qunt—
In accordance with . ... derived
Sorption Precipitation compounds
the model from Mineral- Shallow
; ; . associated subsoil Phenols
Kaiser and Kalbitz . NS sg | ‘
(2012) ‘ e

C/N age

! Deep ratio

subsoil Sugars
Microbial ‘ Aged plant— "
metabolites derived |
compounds

DOM output
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[DOC] 1.1 mg.L1
Fluxes: 7 kg.ha!




and iron
oxides and <=,
hydroxides

and discussion — DOMN transfer

Preferential sorption of acidic LIG
(Kaiser et al., 2004)
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Results and discussion — DOMN transfer

Preferential sorption of acidic LIG
(Kaiser et al., 2004)

Proportions of acidic LIG

DIG PS
Topsoil 32 £2% 24 £ 2%
Subsoil 9+ 0.3% 7+ 3%

and iron
oxides and <, J/\f

hydroxides




and discussion — DOMN transfer

Proportions of acidic LIG

DIG

Topsoil 32 £ 2%

Aluminum SMUWY
and iron

oxides and <=, L
hydroxides

Subsoil 9+ 0.3%



CO nc I usion * Modulation of DOM quantity and quality

Composition of by crop (soil alkalinization and desorption,
WEOM from exudation)

T * Main source of DOM under mustard:
recalcitrant molecules from digestate

.

Biogas digestate application Main sources of DOM under wheat:

Alkalinization &

\OM desorption : molecules from digestate and root
ERoot exudation exudation
1

Composition of topsoil-DOM Composition of tgpsoil-DOM .
* Decrease of plant-derived molecules and
Plant-

derved increase of microbial-derived molecules

Topsoi moleculé with depth

Degradation * High sorption of molecules between the
and retenton topsoil and subsoil for the digestate
modality

molecules

Composition of subsoil-DOM



