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Context : Land management and C stocks

Objectives of RhizoSeqC

Practice change on crop system C sequestration in crop soils General objective : to develop cropping systems capable of combining an increase of direct
soil C inputs and a promotion of soil OM stabilization while maintaining
56 economically attractive production in contrasted climates

to identify the genotypes and genomic regions
70.28t00.43tChalyrl iemmeta, 20 Plant level that promote C inputs via rhizodeposition

52
‘ to understand the mechanisms of C transfer
Biochar A within the plant-microbiome-soil continuum
:@ 48 Organic amendments vs mineral fertilizers ve s we—fee—o . . . . .
S i ‘ Organic amendments | ~+ = ~—ofoo—ee o - Agrosystem to identify minerals that promote OM
3 kA ctorage Perennial crops/orchards —f stabilization by organomineral interactions.
2 " “J L . Agroforestry smecsafe wm o o IEVEI
© 44 y iy $ Perennial energy crop = ‘ to estimate the feasibility of implementing such
i & b gl e 1 Crop residue retention wodp - . . .
; 0 Cover crops opo o o cropping systems in contrasted climates
; : No/reduced tillage i ) o ]
g fy lh+n Mineral fertilization | — «fese— - Impact level @ to quantify additional soil carbon storage to assess
{  PratiqueB _ Croprotation |« weg— - @ P the sequestration trends in the long term
5 > Plastic film mulching Qe
. i Species o Cronond @ to structure, on a national and international scale,
Aming ¢ ropian . T . .
D 50 100 a community of multidisciplinary scientists
1960 1980 2000 Z Soil organic carbon (SOC) change (%)
Adapted from Pellerin et al., 2019 Belloin et al. 2023
Hypothesis of RhizoSeqC
Rhizodeposition through root exudation, mucilage deposition, or HYPOTHESIS : Genotypes selection towards increased rhizodeposition may
degeneration of root cells represents a major input of organic enhance root C inputs to the soil and could therefore be a promising easy-to-
matter that feeds into the stable soil carbon pool by associating implement management option for potentially increasing C sequestration

with mineral phases.
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* High biomass production for livestock fodder / also used for
Issues food (staple food for 300 M°) Sorghum BCNAM trial

established in 2014

* Mainly produced in Africa (27 Mha), but sorghum value

chains are also developed in Europe
* High water deficit tolerance : plant of major agricultural
Scales S | r “B interest in a context of climate change
enega e rance o © . . :
\ -+ * Relevant « Elite » genetic materials : backcross-nested

t BCNAM | t arin et al., , public-
Soil proflle \?\e(' CI‘Op system scale / agronomy level association mapping ( ) populations (Garin et al, 2024), publ

private collaborations
] Agronomic evaluation of sorghum lines
optimizing rhizodeposition

* A first study showed plasticity of root hair and rhizosheath
traits (only for for 2 genotypes) (aduet al. 2023)
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..... J * Large variability of rhizosheath traits expected according to e Yo ;
Rhlzoheath . - results achieved in pearl millet (vdour et al., 2017, 2020, 2021, 2022 e i @
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Organo minera (o((\e‘ L; BCNAM Populations and trials in Garin et al., 2024 7S o = :"-_
C ° 2,000 individuals developed in the framework of the & ‘9 =

lnteraCthHS’/ @\ Crop system Scale / SOII IeVEI Pun— Biomass For the Future (%FF, PIA4) program y m(“)

1 ®ee®
Metabolites ¢ ,{ e Fate of rhizodeposits in soil : controls of CJ g
QTL >0C @00‘0 soil type and mineralogy == WP5
_____ J Impact level Experimental choices : soils
Z o Arenosols :
~~-__‘ _____ - . ImPaCt Of Comblnatlon Of * 4 major soil type (8.5% of land area), notably African areas under high
o ’ C ‘ » SO r.gh um r.h iZOd e POS itS, food pressure (FAO-GIS, 1998) (proportion in France) -&{
2 Cortan .‘__ . . . * Surprisingly, poorly studied ( Kégel-Knabner & Amelung, 2021) E Brunisols (19,4 %)
WPI WP2 - D microbiota and soil t)’Pe + Low C content / C stocks highly impacted by land-use change / correlated [ Calcosols (10.8 %)
=m . C . ith hi ici -GIS, uer : [ Luvisols (7%)
L™ CI'O S Stem Scale / mlcrOblaI Ievel with high C deficit (FAO-GIS, 1998) (Quero et al. 2022) :
Plant EVEI / SOI"ghum EI:f Y f h d b I on SOII C StOCkS j » Arenosols (not aggregative and C poor) are relevant precisely because they =1 Fluvisols (6,3%)
. 5.0 . ects orr iZO e OSitS on micr’O ia are favourable conditions for revealing (1) the differential aggregative
Sorgh um rh IZOdePOSItlon' b CI . P d f . behaviour of sorghum lines and (2) the capacity for C stabilisation by added
properties and genetic control lodiversity and tunctions y mineral phases.
* Expertise of the teams on arenosols (Senegal, France)
Koégel-Knabner & Amelung (2021
* The results obtained on pearl millet rhizosheath were obtained on Hits = His gpm of land mga((%) :
arensols (Ndour et al., 2017, 2020, 2021, 2022 25001 Brunisols — % Land anea worldwide .,
\ } - l Calcisols 12
e : Arenosol Nemours Arenosols

* Cenozoic sandstone parent rock
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Coordination of interdisciplinary scientific teams

Genetics, microbiology, biogeochemistry, physicochemistry, mineralogy, pedology, ecophysiology, agronomy, modelling

y

* Mineralogy dominated by quartz  ¢_| 1500 :

* 9% clays / 20% silts / 70% sands Luvisols

¢ TOC=9gC/kg .
1000 Fluvisols

e 3BC=-27%0

% Senegal : Arenosol Bambey

¢ Cenozoic sandstone parent rock g
* Mineralogy dominated by quartz

* 12% clays +silts / 88 % sands

e TOC=4gC/kg
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Organization of the partnership North / South experiments

Lab experiments WP1, WP2, WP3 Field experiments WP4, WP5

(wp1) DIADE + ISRA & CERAAS (L. Laplaze WP1, WP4) (WPDECO&SOL + INRAE APC (L. Cournac WP4)

@ *  ecophysiology @ Rhizosheath phenotyping
@ BIAM (W. Achouak WPZ) *  field phenotyping @ composition and function of rhizosphere ECODIV - Rouen E . | site -
@ *  rhizosheath phenotyping @ *  root development interaction with soil microorganisms microbiome e xperimental site :
. rhizosph.ere miqobiotal @ field trials in Senegal ECOSYS - Sac/ay — | CEREEP ECOTRON’
*  plant microbe interaction e development of low-tech indicators N
*  phenotyping labeling with stable isotopes CEREEP ECOTRON - Nemours emours
@ CEREG E (I BaSIle DoelSCh WP3) 2024 | 2025 | 2026 [ 2027 I 2028 [ 2029 | AGAP (D. POt) B IAM i AIX_en-PrO vence
C dynamics in soils DD S0 DT I PP SIS SRR B D NP @ Po 1 ; ;
0.1[Full meetings AFM1 AFM2 AFM3 AFM4 AFM5 AFMG ° pU/Cltlon genomlCS OfSOfghum ECO&SOL - Montpelher — . . .
@ ’ mlne,r alogy . EE Effnmunication Y Z[:\EI: BTN ?ZTiZ TR 25N3|f43"D3T7238 BT 51NTGHDBT2352 g T HNTBBDXT;188 N gQDQTleSo @ ¢ sor, gh ump hen Oty p Ing Expe rm e nta | Slte .
° phySICOC/;’emIStry l o sl mesicatons P11 PL2a  Pl4 P23 P2.1P3;2,2 N P13 P4l s P13 ::i o quantitative genetiCS CE REG E - Alx_en_PrO vence I N RAE U E APC’ :
*  micro and nano-scales 2{aTL anayes MR 2 o1as ML2b br2b . ; : : : .
i3 Kﬁ"o!j;y_n | - » - - Genetics and ecophysiological modelling Auzeville
ECOSYS (F. Rees)
: . 41| e Wicro it Wi o e — ENS-PARIS + ECOTRON (s. Abiven) -
*  measurements of rhizodeposition A Ba caen VT D51 ) ) ; . .
«  root architecture el @ ’ ?’V"C’m'C/S gf /?fgamc matter Experimental site :
*  mechanistic plant-soil modelling *  Isotope labelling - -
. radiocarbon ISRA- Dakar ISRA- Bambey
BEF (D. Derrien WP5) Farmers
@ + soil C dynamics modeling ECODIV (L. Henneron) LSCE (C. Hatté) Niakhar
@ *  priming effect mechanisms @ field experiments ' isotopic geochemistry 13C 14C
- ¢ turnover @ < combinations of 13¢/%C *  method of cross-calculation of isotopic - o ST
*  prospective approaches for e priming effect mechanisms 13¢ gnd 4C mass o Arenosol Sorghum BCNAM trial established in 2014
ecosystem services  isotopic pool dilution (IPD) *  quantify C stocks and priming effect @ Fluvisol

*  soil N cycling processes - . _ _
@® Arenosol, Brunisol, Calcosol, Luvisol, Fluvisol
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