




[bookmark: _Toc81226722]Supporting Information for
Bioenergetic control of soil organic carbon persistence across depth
[bookmark: _Toc81226723]Table of content
Supplementary methods
Soil properties	2-4
Radiocarbon (14C) measurements and SOC mean age estimation	2
Microbial biomass	2
Thermal analyses	3-4
Geochemical analyses	4
Correction of plant-soil system respiration for background atmospheric CO2	5
Plant and soil harvesting and analyses	7
Isotopic partitioning	6-8
Plant-derived and soil-derived CO2 fluxes	6
Living root biomass	7
Net rhizodeposition	8
Statistical analyses	8-9
References	10-12
Supplementary Figure 1. Energetic properties of soil organic matter across treatments	13
Supplementary Figure 2. Soil profiles and core sampling design across the three soil types	14
Supplementary Figure 3. Reduncancy analysis on soil biogeochemical drivers of SOC dynamics	15
Supplementary Figure 4. Heatmap of partial correlations between variation in SOC dynamics parameters and soil organic matter properties across depth	16
Supplementary Figure 5. Soil core sampling and microcosm preparation method	17
Supplementary Figure 6. Relationship between turnover time and Δ14C in year 2016	18
Supplementary Figure 7. X-ray diffractograms of samples from each soil horizon	19
Supplementary Table 1. Soil properties among soil types and layers	20
Supplementary Table 2. Statistical results for soil properties and incubations.	21
Supplementary Table 3. Statistical results for the first series of incubations	22
Supplementary Table 4. Statistical results for the second series of incubations	23
Supplementary Table 5. Statistical results for radiocarbon data in the second series of incubations	24
Supplementary Table 6. Site characteristics for each soil type.	24
Supplementary Table 7. Additional soil properties.	24
Supplementary Table 8. Uncertainty in 13C isotopic partitioning for the first incubation series	25
Supplementary Table 9. Uncertainty in 13C isotopic partitioning for the second incubation series	26
Supplementary Table 10. Uncertainty in 14C isotopic partitioning for the second incubation series	27
Supplementary Table 11. Plant biomass and δ13C at the end of the experiment	27
Supplementary Table 12. Uncertainty in 13C isotopic partitioning of SOC	28

[bookmark: _Hlk90666167]Supplementary methods
[bookmark: _Hlk84250691][bookmark: _Toc81226725]Soil properties
[bookmark: _Toc81226726][bookmark: _Hlk84250763]Microbial biomass
[bookmark: _Hlk90664893][bookmark: _Hlk75166694]The soil microbial biomass (Cmicrobial) was measured by the chloroform-fumigation-extraction method1. We performed an extraction with 50 mL 0.5 M K2SO4 on 10 g of fresh soil. A second set of samples was placed in a vacuum desiccator and fumigated with chloroform for 24 h prior to K2SO4 extraction as above. Extractable C was analysed using an automated analyser (TOC-L analyser, Shimadzu, Milton Keynes, UK). Microbial biomass C was calculated as the difference between the fumigated and unfumigated C extracts after conversion with a Kec of 0.45 to correct for extraction efficiency2.
[bookmark: _Hlk105104605]Radiocarbon (14C) measurements and SOC mean age estimation
[bookmark: _Hlk51945948]Once in the 14C laboratory, soil samples were crushed under 200 µm to homogeneize it. As no carbonate was expected, samples were not acidified prior to the measurement. According to SOC content of the samples, 14C measurements were performed using either a solid source for topsoil samples or gas source for subsoil samples. Aliquotes were sampled in tin capsules to get either 1 mg of SOC for topsoils or twice 70 µg of SOC for subsoils. For topsoil samples, CO2 evolved from SOC was graphitized using an automated AGE 3 graphitization device3, and 14C measurement was performed on ECHoMICADAS4–6 through the solid source. For each subsoil samples, two 14C measurements were performed on ECHoMICADAS through the gaz source connected by a Gas Ion Source (GIS)7 to an elementar analyser (EA) evolving SOC to CO2. The 14C signature of root biomass were performed as decribed above for topsoil samples. Barium carbonate from soil respired CO2 was transformed into CO2 in a semi-automated carbonate line8. Evolved CO2 was sealed under vacuum in pyrex microtube and introduced into the ECHoMICADAS gas source through the cracking-GIS interface7. All 14C results have been corrected for mass-dependent isotopic fractionation using AMS-derived 13C measurements, and were expressed as deviations from the absolute (decay-corrected) Oxalic Acid I (OX1) standard (Δ14C, in ‰)9,10. The average measurement precision of the Δ14C values was 2.4 ‰.
[bookmark: _Hlk52549705][bookmark: _Hlk90665061]We estimated SOC mean age based on 14C measurements using a modelling approach. The following time-dependent, homogeneous one-pool model9,11 was used:
	(1)
given 
[bookmark: _Hlk66090953]where at time t, F14CSOC is the 14C content of SOC, C is the SOC stock, I is the rate of C input from the atmosphere to SOC, F14Catm is the 14C content of CO2 in the local atmosphere, TR is the mean C transit time through living plant material, τ is the mean SOC turnover time and λ is the radioactive decay constant for 14C (1.21 × 10−4 year−1). Assuming TR = 1 year and SOC stocks to be at steady-state so that Ct = Ct-1 = I × τ, the equation (1) reduces to:
	(2)
[bookmark: _Hlk106029312]where t-1 is the year preceding time t. We ran the model from 50 kyr BP until the year 2016 using the ‘SoilR’ package to calculate the predicted SOC Δ14C at the year of sampling for a range of τ values (1 to 30,000 years)Sierra et al., 2014. We used Δ14C atmospheric values from Reimer et al., (2020)Reimer et al., (2020) for the period 0–50 000 years BP, from Hua et al., (2013)Hua et al., (2013) for the period 1950–2010, and we calculated extrapolated values using an exponential smoothing state–space modeling approach for the period 2010–201612. We then derived τ values from our Δ14C measurements for each sample based on the relationship between τ and predicted Δ14C (Supplementary Fig. 6).
[bookmark: _Toc81226727][bookmark: _Hlk105104704]Thermal analyses
[bookmark: _Hlk84840378][bookmark: _Hlk66264559][bookmark: _Hlk66270737]Thermal analyses were used to characterize the energetic signature of SOM. Rock-Eval® thermal analysis consisting in evolved gas analysis during ramped combustion was performed using a Rock-Eval® 6 Turbo device (Vinci Technologies, France) following a procedure adapted for SOM analysis15 to measure the activation energy (Ea) of thermal SOC decomposition, and estimate SOM hydrogen and oxygen composition. Briefly, ca. 60 mg of ground (<250 μm) samples were subjected to sequential pyrolysis and oxidation phases. The pyrolysis phase was carried out in an N2 atmosphere with a 3 min isotherm at 200 °C followed by a temperature ramp from 200 to 650 °C at a heating rate of 30 °C min-1. The oxidation phase was carried out in laboratory air atmosphere with a 1 min isotherm at 300 °C followed by a temperature ramp from 300 to 850 °C at a heating rate of 20 °C min-1 and a final 5 min isotherm at 850 °C. Hydrocarbon effluents (HxCy) were quantified by flame ionization detection during the pyrolysis phase, while CO and CO2 were quantified by infrared detection during both ramping phases. Each Rock-Eval® thermal analysis generated five thermograms corresponding to hydrocarbon effluents (HxCy-pyrolysis thermogram), CO (CO-pyrolysis thermogram) and CO2 (CO2-pyrolysis thermogram) measured at each second during the pyrolysis phase, and to the CO (CO-oxidation thermogram) and CO2 (CO2-oxidation thermogram) measured at each second during the oxidation phase. Thermograms were integrated on different time intervals depending on the thermogram. The integration omitted the first 200 seconds of the analysis for the three thermograms of the pyrolysis phase. The integration ended at the time of analysis corresponding to the maximum oven temperatures of 650 °C (HxCy-pyrolysis thermogram), 560 °C (CO-pyrolysis and CO2-pyrolysis thermograms), 850 °C (CO-oxidation thermogram) and 611 °C (CO2-oxidation thermogram). These intervals of integration prevented any interference by inorganic carbon from most soil carbonates16. Before determination of the activation energy (Ea) of SOC decomposition, the three thermograms of the pyrolysis phase and the two thermograms of the oxidation phase were combined into single thermograms of mass-equivalent C evolved during each ramping phase17.
[bookmark: _GoBack][bookmark: _Hlk66270886][bookmark: _Hlk105105177]Assuming first-order reaction kinetics during ramped combustion, we used a regularized, inverse method to determine the continuous distribution of Ea that best predicts the measured SOC decay profile18. Thermograms of mass-equivalent C evolved during both pyrolysis and oxidation were analysed separately using the ‘rampedpyrox’ Python package19, resulting in distinct Ea distributions for each ramping phase. For both the thermograms and Ea distributions, the data from each phase were then merged by averaging weighted based on the relative amount of C evolved during each ramping phase. Each combined continuous Ea distribution was then integrated to calculate the mean (µEa) and standard deviation (σEa) of activation energy (kJ mol-1 SOM)18.
Two standard Rock-Eval® 6 parameters describing SOC bulk chemistry were determined16, that are the hydrogen and oxygen indices (HI and OI). The HI index was calculated the amount of hydrocarbons (HxCy) formed during thermal pyrolysis of the sample between 200 and 650 °C divided by the total SOC of the sample. The OI was calculated using the following equation20:
	(3)
where OICO2 and OICO correspond respectively to the CO2 and CO yielded during thermal pyrolysis of the sample between respectively 200 and 400 °C (OICO2) and 200 and 550 °C (OICO) divided by the total SOC of the sample. A recent study measuring the elemental H:C and O:C ratios of SOM based on nuclear magnetic resonance spectroscopy coupled to a molecular mixing model found strong relations with respectively HI (H:C = 1.21 + HI × 8.20 × 10-5, r2 = 0.53) and OI (O:C = 0.35 + OI × 1.27 × 10-3, r2 = 0.46, Van Quynh, unpublished). We used these equations to estimate the elemental H:C and O:C ratios of SOM, which allowed us to then calculate the SOC molar mass (MSOC, g SOC mol-1 SOM) using the following equation:
	(4)
where MC, MH, MO and MN are respectively the molar mass (g mol-1) of C, H, O and N.
[bookmark: _Hlk52204029][bookmark: _Hlk90665997]Differential scanning calorimetry (DSC) during ramped combustion was also performed to measure the net energy released by SOM combustion (enthalpy of combustion), knowing that some of the energy applied to the sample is consumed by the breakdown of the organo-mineral associations. The mineral phase itself could also contribute to heat flux during ramped combustion, mainly generating endothermic reactions. However, previous studies showed that the contribution of the mineral phase to heat flux is usually small relatively to the contribution from SOM21,22. Briefly, ca. 50 mg of ground (<250 μm) samples were placed in 70 L alumina crucibles, with an identical empty crucible used as a reference, and subjected to oxidation ramping (25–1000 °C, ramping rate of 5 °C·min−1 under a synthetic CO2-free air atmosphere) using a thermal analyser simultaneously performing DSC and thermogravimetry analyses (TGA/DSC 3+ model, Mettler-Toledo, Greifensee, Switzerland). DSC heat fluxes (the exothermic or endothermic energy fluxes from the sample, referenced to an empty alumina crucible) were recorded every second, and the DSC thermograms were corrected a posteriori using a spline linear baseline. Net energy released was determined by integrating the exothermic region of the DSC thermogram (185-600 °C, Figure S3c), which represents the temperature range in which SOM is combusted21. Energy density of SOM (ΔE, in kJ g-1 SOC, Supplementary Table 7) was calculated as the net energy released divided by SOC content, which was recovered from thermogravimetry mass loss converted to SOC content with an equation accounting for mass loss due to clay water loss23. To get both ΔE and µEa expressed in the same unit, ΔE was converted in kJ mol-1 SOM by multiplying it with the SOC molar mass (g SOC mol-1 SOM) estimated based on C:H:O:N stoichiometry as explained above. We acknowledge that our SOC molar mass values remain approximative because of the uncertainty associated to the estimation of H:C and O:C ratios based on HI and OI indices. However, this allowed ΔE and µEa to be expressed in the same unit for the ROI calculation, and the estimated SOC molar mass varied little between treatments (Supplementary Table 7).
[bookmark: _Toc81226728]Geochemical analyses
[bookmark: _Hlk51943181]Soil pHH2O was measured in a 1:5 soil:solution ratio after 1-h end-over-end shaking. Soil texture (proportion of sand, silt and clay) was measured using the pipette method24. Cation Exchange Capacity (CEC) as well as major exchangeable cations (Ca, Mg, Na, K, Al, Mn, Fe) were determined using the cobalt hexamine exchange method25. Phyllosilicate mineralogy was determined by X-ray diffraction26. Random oriented powders with a Philips PW 3710 X-ray diffractometer with Cu-Kα radiation at 40kV and 40mA were used to obtained spectra (Supplementary Fig. 7). A counting time of 13 s per 0.02° step was used for 2θ in the range 3.5–80°.
[bookmark: _Hlk76042978]The concentrations of divalent cations involved in organo-mineral cation bridging was calculated as the sum of exchangeable calcium and magnesium (Caex+Mgex) determined using the cobalt hexamine exchange method. Pedogenic reactive metals were quantify by selective dissolution procedures of Fe, Al and Si using standard methods of citrate–dithionite (d), acid ammonium oxalate (o), and sodium pyrophosphate (p) extractions27. Crystalline Fe minerals was then calculated as the difference between Fed and Feo (Fed–o). We used Feo to quantify short-range-ordered Fe-oxyhydroxides such as ferrihydrite, while Alo and Sio were used to quantify organo-metal complexes and short-range-ordered aluminosilicates such as allophane. Alp allows to quantify organo-metal complexes, but pyrophosphate is not completely selective and can also extract Al from silicates, which could be indicated by Sip27. Organo-metal complexes was thus calculated as Alp-xSip, where x is the Al:Si ratio of the dominant clay mineral (x = 0.5 for subsoil of the Vertisol dominated by montmorillonite, and x = 1 for all other layers dominated by vermiculite, kaolinite or halloysite).
[bookmark: _Hlk90732228]Experimental conditions and labelling system set-up
[bookmark: _Hlk84255339]Two weeks before starting the incubation experiment, the microcosms were transferred at ambient temperature, irrigated until water saturation and weighed after 48 h of water percolation to measure the soil water-holding capacity (WHC). Planted microcosms were sown (1,400 seeds m-2) with Dactylis glomerata, a fast-growing grass species with a dense and deep root system commonly found in temperate grassland28. Immediately after in situ germination in late August 2016, we grew plants by transferring the 48 microcosms to a greenhouse exposed to natural light and temperature conditions (Clermont-Ferrand, temperate semi-continental climate). The experiment was performed for 279 days, until early July 2017. The greenhouse was coupled to a continuous dual 13C/14C labelling system29,30. Briefly, air depleted in both 13C and 14C was produced by injecting fossil fuel-derived CO2 (δ13C = -35.23 ± 0.02 ‰, Δ14C ~ 0 ‰) in CO2-free air ([CO2] < 20 ppm) up to reach ambient CO2 concentration (400 ppm). Throughout the experiment during daytime, the greenhouse was continuously supplied with labelled air, with a flow renewing the greenhouse volume once every two minutes to maintain constant CO2 concentration, δ13C and Δ14C29.
The microcosms were equipped with soil moisture sensors (ECH2O EC-5, Decagon®, USA) inserted at 5 cm and irrigation pipes connected to a programmer. Soil water content was monitored daily and drip irrigation was adjusted individually for each treatment as to maintain moisture around 85 ± 5 % of WHC. In order to compensate for the low nutrient supply and plant growth potential expected in subsoil relative to topsoil, we fertilized the planted subsoil microcosms for each soil type on day 51 after planting. Unplanted subsoil microcosms were kept unfertilized to avoid accumulation of mineral nutrients in absence of plant nutrient uptake, which could have led to artificially high soil mineral N concentration. The fertilization was composed of inorganic N, P, S, K and Mg, with a dose of 11.5, 0.6, 1.0, 1.5 and 0.7 g m-2, respectively. We found little difference in plant N concentrations between planted topsoil and subsoil microcosms (respectively 6.4 versus 5.9 mg g-1; soil layer, P = 0.195; soil layer:soil type interaction, P = 0.059), indicating that subsoil fertilization allowed to ensure equal plant nutrition.
Correction of plant-soil system respiration for background atmospheric CO2
During the sampling of CO2 fluxes in the first series of incubations, the microcosms were sealed in opaque, airtight PVC chambers. Just before the sealing, each PVC chamber was intensively ventilated for 1 min with ambient air and we took care to avoid any contamination of the chamber air by breathing. The ambient air used for the ventilation was sampled to measure the initial amount and δ13C of CO2 in the chamber at the beginning of the incubation. Each microcosm sealed in chamber was then incubated for 24 h at temperature-controlled conditions (21.5 °C) in the laboratory. After 24 h of CO2 release by the plant-soil system, the chamber gas was sampled by transfer into a glass flask with a vacuum pump. After beeing ventilated ten times his volume the flask was airtight sealed until gas analysis. Its CO2 concentration as well as δ13C were measured using a Gas Chromatograph (Clarus 480, Perkin Elmer, Waltham, MA, USA) and an isotope laser spectrometer (G2201-i Isotopic Analyser, Picarro, Santa Clara, CA, USA). The amount and δ13C of CO2 derived from the plant-soil system respiration were corrected for background atmospheric CO2 using the following equations:
	(5)
	(6)
where Rtotal and δ13Ctotal are the total amount and δ13C of CO2 release by the plant-soil system after correction; CO2-chamber and δ13Cchamber are the total amount and δ13C of CO2 measured in the chamber at the end of the incubation; and CO2-atmosphere and δ13Catmosphere are the total amount and δ13C of atmospheric CO2 sampled at the beginning of the incubation.
[bookmark: _Hlk90892504][bookmark: _Toc81226730]Isotopic partitioning
[bookmark: _Hlk74650452]Plant-derived and soil-derived CO2 fluxes
In the first series of incubations, we observed that the CO2 derived from the respiration of the unplanted microcosms was systematically depleted in 13C relative to the δ13C of SOC for most treatments (Supplementary Table 8), with an average differences in δ13C of -4.2 ‰, whereas CO2 derived from SOC respiration usually tend to be slightly 13C enriched relative to SOC31. We concomitantly observed algae development on the soil surface of unplanted microcosms. Furthermore, Cros, et al. (2019)29 observed the fixation of a small quantity of CO2 in unplanted soil linked to the development of algae during daytime. They also observed a depleted δ13C signature of unplanted soil respiration during 24 h dark incubations, which was of the same order of magnitude relative to their δ13C of SOC (~ -3 to -4 ‰). This highlights that a non-negligible photosynthetic activity occurred in the unplanted soil due to algae development, which could in turn respire labeled OC and explain the depleted δ13C of the unplanted soil respiration. Following the procedure used in a previous study30, we thus decided to apply the same isotopic partitioning on Rtotal of unplanted microcosms to correct for algae respiration, thus yielding more accurate estimation of Rsoil for the unplanted controls. The δ13C values of unplanted soil respiration measured at the end of experiment in the second series of incubations after removing the thin layer contaminated by algae on soil surface (~ 1 to 2 mm) were thus used as δ13Csoil for both planted and unplanted soil in the first series of incubations.
Cros et al. (personal communication) also tested the possibility this depleted δ13C could be due to labelled CO2 back-diffusion during the 24 h dark incubation. After 24 h of pot ventilation either with labeled or with unlabeled (ambient) air, they measured the δ13C of the CO2 released during the incubation. In both cases, they found very similar δ13C, indicating that the contribution of labelled CO2 back-diffusion to the depleted δ13C signature of unplanted soil respiration was negligible. This is consistent with a recent study that also found very weak back-diffusion of labelled CO2 during incubation32.
Uncertainty in 13C source partitioning related to sampling and analytical errors was calculated following Phillips & Gregg (2001)33 with the following equation:
	(10)
given  and 
[bookmark: _Hlk53153934]where σfsoil is the standard error of the mean soil source proportion, that is fsoil;, ,  are respectively the mean δ13C of the mixture and of soil and plant sources; ,  and  are respectively the standard error of mean δ13C of the mixture and of soil and plant sources;  is the population standard deviation in δ13C among individual samples of source x;  is the δ13C analytical standard deviation; and nx is the population size of source x. The  values are respectively 0.10 and 0.12 ‰ for elemental analyser/isotope-ratio mass spectrometer and isotope laser spectrometer measurements. Since isotopic partitioning was performed at the microcosm level where the whole plant biomass has been sampled (plant source) and the isotopic signature has been measured on a well homogenized sample for both microcosm atmosphere (mixture) and plant biomass (plant source), the  values for these two sources were assumed to be zero. We found that σfsoil values were on average 1.1 and 1.2 % respectively for the first and second series of incubations (Supplementary Tables 8 and 9), indicating low level of uncertainty associated with sampling and analytical errors33.
[bookmark: _Hlk52453307][bookmark: _Hlk52451121]Our isotopic partitioning relied on several assumptions about the isotopic signature of our sources. For the first series of incubations, we used the mass-weighted δ13C of the mesocosm shoot and living root biomass as δ13Cplant, assuming negligible fractionation during whole-plant respiration34. We also used the mean δ13C of plant biomass across all treatments as δ13Cplant for unplanted soil, assuming similar δ13C fractionation during C3 photosynthesis for algae than for D. glomerata35. Finally, we used the δ13C values of unplanted control respiration measured at the end of experiment in the second series of incubations as δ13Csoil for both planted and unplanted soil in the first series of incubations, assuming constant δ13C fractionation of soil-derived respiration across time. For the second series of incubations, we used δ13Cplant values taken as the living root biomass δ13C values corrected by the δ13C fractionation factor (f) of root respiration, assuming a constant f value of -0.61 ‰30. We also used the Δ14C of root biomass as Δ14Cplant, assuming no fractionation of 14C during respiration of root-derived OC.
In order to evaluate the uncertainty associated with our isotopic mixing model assumptions, we performed a sensitivity analysis where we quantified the error in fsoil and Δ14Csoil related to a 1 ‰ variation in δ13Csoil and δ13Cplant, and a 2 ‰ variation in Δ14Cplant. Given that the deviation can be positive or negative, we tested a deviation of +0.5 or +1 and −0.5 or −1 ‰ respectively corresponding to an amplitude of 1 or 2 ‰. The error was then expressed as the difference in fsoil and Δ14Csoil between +0.5 or +1 and −0.5 or −1 ‰ source values. We found that the average errors in fsoil related to a 1 ‰ variation in δ13Cplant was respectively 2.0 and 1.9 % for the first and second series of incubations, while the average error related to a 1 ‰ variation in δ13Csoil was 1.5 % for the first series of incubations (Supplementary Tables 8 and 9). We also found that the average errors in the absolute values of RPE related to a 1 ‰ variation in δ13Cplant was respectively 19.3 and 12.2 % for the first and second series of incubations, while the average error related to a 1 ‰ variation in δ13Csoil was 0.2 % for the first series of incubations (Supplementary Tables 8 and 9). The average errors in Δ14Csoil related to a 1 ‰ variation in δ13Cplant and a 2 ‰ variation Δ14Cplant were respectively 19.4 and 2.8 ‰ (Supplementary Table 10). These low levels of uncertainty provide evidence that our isotopic partitioning was robust.
For the first and second series of incubations, the average δ13C difference between plant and soil sources were respectively 24.9 and 24.8 ‰ (range of respectively 23.6 to 26.4, and 22.9 to 26.6 across treatments). This is substantially larger than source difference typical yielded by the natural 13C-labeling method36, as well as the traditional continuous 13C-labeling method based on adding fossil fuel-derived CO2 in a flow of ambient air37. This strong labeling allows to improve the accuracy of isotopic partitioning29,31,33.
[bookmark: _Toc81226731]Living root biomass
[bookmark: _Hlk52194439][bookmark: _Hlk74663987]As the root material harvested for topsoil after the second incubation series was composed of both pre-existing root litter (unlabelled) and living root (labelled) that could not be clearly visually sorted, we used an isotopic partitioning method to estimate the biomass of living roots for each planted topsoil core. Assuming negligible pre-existing (unlabeled) root litter biomass in subsoil at the end of the experiment and equal δ13C difference between shoot and root biomass (Δδ13Cshoot-root) in topsoil and subsoil, we calculated the δ13C of living root biomass as the microcosm shoot δ13C minus the Δδ13Cshoot-root of subsoil (Supplementary Table 11). Further assuming equal δ13C for pre-existing (dead) root litter and SOC, we used the following equation based on a two-source isotopic mixing model.
	(11)
where Roottotal and δ13Ctotal are respectively the biomass and δ13C of both dead and living roots; Rootliving and δ13Cliving are respectively the biomass and δ13C of both living roots; and δ13Cdead is the δ13C of dead roots.
The standard errors in 13C source partitioning related to sampling and analytical errors was on average 0.6 %, indicating low uncertainty level (Supplementary Table 11). A similar sensitivity analysis performed as described above showed that the average errors in 13C source partitioning related to a 1 ‰ variation in δ13Cliving was 3.7 %, while the average error related to a 1 ‰ variation in δ13Cdead was 0.6 % (Supplementary Table 11). These low levels of uncertainty provide evidence that our isotopic partitioning was here also robust.
[bookmark: _Toc81226732]Net rhizodeposition
We quantified the net rhizodeposition corresponding to the root-derived SOC remaining in the soil after microbial utilization. Net rhizodeposition was used here as a proxy of the gross rhizodeposition corresponding to the flux of fresh OC supply into the soil via living roots, which remains so far very challenging to quantify38. We acknowledge that net rhizodeposition is not only driven by gross rhizodeposition, but also by other factors affecting the stabilization and destabilization of rhizodeposits such as soil mineralogy or microbial communities. However, we argue that net rhizodeposition remains a good proxy of gross rhizodeposition at the microcosm scale, and provides here useful insights about how SOC decomposition response to variation in living root density with core depth in the second incubation series was related to variation in gross rhizodeposition.
[bookmark: _Hlk74664365]Net rhizodeposition was estimated for each planted soil core harvested after the second incubation series using the following equation based on a two-source isotopic mixing model:
	(12)
[bookmark: _Hlk74664785]where SOCtotal and δ13CSOC-final are respectively the SOC content and δ13C of the planted soil core at the end of the experiment, δ13CSOC-initial is the average δ13C of SOC from soil cores sampled in the field at the beginning of the experiment, and δ13Cplant is the δ13C of living root biomass of the planted microcosm.
A sensitivity analysis was performed as described above to assess the uncertainty associated to our assumption of a negligible 13C fractionation of root-derived OC during microbial utilization. The average errors in 13C source partitioning related to a 1 ‰ variation in δ13Croot was only 0.06 %, indicating low levels of uncertainty related to this assumption (Supplementary Table 12). However, the standard error in 13C source partitioning related to sampling and analytical errors was on average 0.77 %, which we acknowledge is rather high relative the average proportion of root-derived SOC found at the end of the experiment (1.37 %, Supplementary Table 12). Such level of uncertainty nevertheless remains within the range of previous experiments quantifying plant-derived OC in a large reservoir of existing SOC with a comparable labeling intensity30,39–41.
Statistical analyses
[bookmark: _Hlk52550140]We used a rotated principal component analysis to explore soil properties covariance and divergence divergence between treatments (Fig. 1a). Analyses of variance were used to partition the variance explained by the factors ‘soil layer’, ‘soil type’ and their interaction in the two first axis scores (Fig. 1b) and soil properties (Supplementary Table 2). The rotated principal component analysis (RCA) was performed using the ‘principal’ function the ‘Psych’ package42. Rotation is commonly used in principal component analysis to simplify interpretation of principal components by maximizing/minimizing the correlations between factors and component axes. In order to simplify the RCA ordination, we selected only two axes.
For each series of incubations, the responses of kSOC, RPE and Δ14Csoil to predictors were assessed by ordinary least squares regression for each treatment (Figs. 3, 4 and 5). We tested linear (Y = a + bX), polynomial (Y = a + bX + cX2) and power (Y = aXb ) regression functions, where Y is the response variable and X is the predictor. The kSOC and RPE values were standardized for each treatment to a common high value of the following predictors: ‘respiration of plant-derived OC’ for the first incubation series, as well as ‘living root density’, ‘respiration of plant-derived OC’ and ‘net rhizodeposition’ for the second incubation series. To do so, we used the regression model parameters to predict kSOC and RPE values at the mean predictor value across treatments of the last sampling time in the first incubation series, corresponding to 9.94 g C-CO2 m-2 day-1 for ‘respiration of plant-derived OC’. For the second incubation series, the same procedure was applied with the mean predictor values across treatments in the 0-20 cm depth soil core, corresponding to 3.57 g dm-3 for ‘living root density’, 20.48 mg C-CO2 dm-3 day-1 for ‘respiration of plant-derived OC’ and 0.79 g SOCroot dm-3 for ‘net rhizodeposition’. Additionally, we used analyses of covariance including the quantitative explanatory variables, the factors ‘soil layers’ and ‘soil type’, and their interactions as fixed factors to test their effects and quantify the proportion of variance they explain (Supplementary Tables 3, 4 and 5). To deal with the repeated measures design in both the first and second incubation series, we used linear mixed-effect models including ‘microcosm’ as random factor in regression and analyses of covariance. Linear mixed-effects models were fitted using the ‘lmer’ function of the ‘lme4’ package43. Statistical significance of fixed predictors were assessed based on Satterthwaite’s approximation of denominator degrees of freedom using the ‘anova’ function of the ‘lmerTest’ package44. Marginal and conditional r2 were computed based on Nakagawa and Schielzeth45 using the ‘r.squaredGLMM’ function of the ‘MuMIn’ package46. 
[bookmark: _Hlk59185075][bookmark: _Hlk106032444][bookmark: _Hlk70687678]To examine the relationship between soil biogeochemistry and organic matter dynamics, we explore partial bivariate relationships between variation in SOC dynamics and SOM properties across depth while controlling for soil types. Before quantification of bivariate relationships, each variable was normalized using the residuals of a linear model with ‘soil type’ as a fixed effect. Partial bivariate relationships of radiocarbon-based mean SOC age with both the return-on-energy-investment of microbial SOC decomposition (RIO) and root density were first examined using ordinary least squares linear regression models (Fig. 2). Partial correlations between multiple SOC dynamics and SOM properties were then also performed by computing Spearman’s correlation coefficients (Supplementary Fig. 2). 
Additionally, we performed an ordination of SOC dynamics variables constrained by soil biogeochemical predictors using a redundancy analysis (Supplementary Fig. 3). The redundancy analysis (RDA) was performed using the ‘rda’ function of the ‘vegan’ package47. We performed an ordination of SOC dynamics variables, including unplanted kSOC and standardized RPE of each incubation series and 14C-based SOC mean age, constrained by soil biogeochemical predictors corresponding to the same set of variables used in the RCA. The significance of the overall constrained ordination and of the two first axes were tested by permutation tests48, using function ‘anova’ of the ‘vegan’ package (1,000 permutations).
[bookmark: _Toc81226734]All analyses were performed using R v3.4.349. The normal distribution and homogeneity of variances of the model residuals were graphically checked and data were log-transformed when necessary.
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Supplementary Fig. 1. Energetic properties of soil organic matter across treatments. a, thermogram of SOC decomposition measured by Rock-Eval sequential pyrolysis and oxidation. b, distribution of activation energy, p(Ea). c, thermogram of heat flow measured by differential scanning calorimetry. Polygons represent 95% confidence intervals (n = 4).
[image: ]
[bookmark: _Toc81226738]Supplementary Fig. 2. Soil core sampling and microcosm preparation method. A percussion core drill equipped with a steel tube that can be opened from sideways was used to extract intact soil columns of 8 cm diameter (a, b, d). For each layer, three soil cores collected with a knife (c) from the same depth in the initial soil column were gently stacked together (a, d), tightly sealed within a polyethylene sheath (d, e) and transferred into a bottom-capped PVC tube (e) to form a new soil column exclusively made of topsoil or subsoil (a). See Supplementary Fig. 5 for the soil core sampling design of each soil type.
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[bookmark: _Hlk90662936]Supplementary Fig. 3. Heatmap of partial correlations between variation in SOC dynamics parameters and SOM properties across depth (n = 24). Each variable was normalized for variation across soil type using the residuals of a linear model with ‘soil type’ as a fixed effect. The variation in native SOC decomposition rate (kSOC) of unplanted soil and rhizosphere priming effect (RPE) across time and soil column depth respectively represent the parameters from the first and second series of incubations. RPE values were standardized to a common high predictor value across treatments. Root density values from the field characterization are used here to reflect in situ root density. See Fig. 1 for abbreviations. ***, P < 0.001; **, P < 0.01; *, P < 0.05; †, P < 0.10.
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[bookmark: _Toc81226735][bookmark: _Hlk65147413]Supplementary Fig. 4. Soil biogeochemical drivers of SOC dynamics. a, redundancy analysis of SOC dynamics variables (dark arrows) constrained by SOM properties (orange arrows) and soil geochemical properties (purple arrows, n = 24). b, variance partitioning of axis values across experimental factors. We found that SOC dynamics properties was strongly related to soil biogeochemical properties (F23,1 = 27.7, P = 0.002). The first axis of the redundancy analysis (RDA1) explained a large portion of variation (69.9 %, F1,18 = 7676.3, P < 0.001), whereas the second axis explained only 15.8 % (F1,18 = 1733.5, P = 0.042). The coordinate means of each treatment are plotted and error bars represent ± standard errors (n = 4). The variation in unplanted kSOC and RPE across time and depth respectively represent the parameters from the first and second series of incubations. RPE values were standardized to a common high predictor value across treatments. Root density values from the field characterization are used here to reflect in situ root density. [SOC], soil organic carbon content; fPOM, fraction of particulate organic matter; fMAOM, fraction of mineral-associated organic matter; ΔE, energy density of SOC; µEa and σEa, mean and standard deviation of activation energy of decomposition; ROI, return-on-energy-investment; T50-CO2-pyrolysis and T50-CO2-oxidation, the temperatures at which 50 % of CO2 was evolved during pyrolysis and oxidation, respectively; T90-HxCy-pyrolysis, temperature at which 90 % of HxCy was evolved during pyrolysis; HI, hydrogen index; OI, oxygen index; γSOC, degree of reduction of soil organic carbon; ex, d, o, and p, exchangeable, dithionite, oxalate, and pyrophosphate extracts, respectively.
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[bookmark: _Hlk106200459][bookmark: _Toc81226737]Supplementary Fig. 5. Soil profiles and core sampling design across the three soil types.
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[bookmark: _Toc81226739]Supplementary Fig. 6. Relationship between turnover time and Δ14C in year 2016 generated by a homogeneous one-pool model radiocarbon model assuming steady-state conditions.
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[bookmark: _Toc81226740]Supplementary Fig. 7. X-ray diffractograms (Co-Kα radiation) of samples from each soil horizon. All diffractograms are presented on the same vertical scale. Secondary minerals: Ha, Halloysite; K, kaolinite; Sm, smectite; V, vermiculite. Primary minerals: A, Albite; An, Andesine; Am, Amphibole; Cr, Cristobalite; He, Hematite; Mi, Microcline; Mu, Muscovite; Px, Pyroxene; Q, quartz; Sa, Sanidine; Ti, Titanomagnetite.
[bookmark: _Toc81226741]Supplementary Tables 
[bookmark: _Hlk73095317]Supplementary Table 1. Soil properties among soil types and layers. Mean ± standard error (n = 4).
	
	Cambisol
	Vertisol
	Andosol

	
	Topsoil
	Subsoil
	Topsoil
	Subsoil
	Topsoil
	Subsoil

	Depth (cm)
	5–25 cm
	40–60 cm
	5–25 cm
	55–75 cm
	5–25 cm
	35–55 cm

	Soil organic matter
	
	
	
	
	
	

	SOC content (g C kg-1 soil)
	36.8 ± 1.6
	26.1 ± 0.4
	127.5 ± 7.4
	19.8 ± 0.2
	92.3 ± 4.6
	58.2 ± 7.6

	fPOM (% SOC)
	6.4 ± 0.5
	1.9 ± 0.1
	10.1 ± 0.4
	2.6 ± 0.5
	8.4 ± 1.4
	3.5 ± 0.3

	fMAOM (% SOC)
	93.6 ± 0.5
	98.1 ± 0.1
	89.9 ± 0.4
	97.4 ± 0.5
	91.6 ± 1.4
	96.5 ± 0.3

	HI (g HxCy·kg-1 SOC)
	163.5 ± 6.1
	109 ± 2.0
	298.1 ± 8.0
	75.3 ± 1.9
	225.8 ± 5.1
	159.3 ± 5.1

	OI (g O2·kg-1 SOC)
	219.1 ± 4.5
	288.9 ± 2.8
	142.4 ± 1.4
	140.1 ± 2.2
	178.7 ± 0.9
	237.6 ± 13

	γSOC
	2.86 ± 0.05
	2.10 ± 0.07
	3.23 ± 0.09
	2.13 ± 0.12
	3.08 ± 0.05
	2.54 ± 0.07

	δ13C (‰)
	-26.6 ± 0.0
	-25.5 ± 0.0
	-27.4 ± 0.1
	-27.1 ± 0.1
	-26.5 ± 0.0
	-25.0 ± 0.2

	Δ14C (‰)
	+10.6 ± 7.2
	-182.3 ± 6.9
	-234.1 ± 13
	-650.2 ± 0.9
	-4.0 ± 11.0
	-295.0 ± 36

	Energy density (kJ mol-1 SOM)
	158.6 ± 3.1
	111.9 ± 4.1
	190.9 ± 5.7
	127.7 ± 7.0
	175.7 ± 3.0
	140.6 ± 5.0

	µEa (kJ mol-1 SOM)
	157.8 ± 0.1
	158.4 ± 0.0
	161.3 ± 0.3
	165.9 ± 0.5
	159.5 ± 0.2
	161.5 ± 0.2

	σEa (kJ mol-1 SOM)
	15.90 ± 0.00
	15.93 ± 0.00
	16.36 ± 0.08
	18.04 ± 0.22
	16.04 ± 0.03
	16.41 ± 0.04

	T90-HxCy-pyrolysis (
°C)
	521.0 ± 1.7
	532.8 ± 0.8
	522.9 ± 0.8
	532.3 ± 1.6
	520.1 ± 1.0
	533.3 ± 2.4

	T50-CO2-pyrolysis (
°C)
	383.9 ± 0.7
	386.3 ± 0.3
	390.4 ± 0.8
	406.3 ± 1.1
	387.4 ± 1.0
	390.5 ± 1.3

	T50-CO2-oxidation (
°C)
	413.0 ± 0.4
	419.3 ± 0.5
	428.1 ± 2.1
	460.0 ± 4.0
	426.4 ± 0.2
	434.3 ± 1.3

	Return-on-Energy-Investment
	1.01 ± 0.02
	0.71 ± 0.03
	1.18 ± 0.04
	0.77 ± 0.04
	1.10 ± 0.02
	0.87 ± 0.03

	Cmicrobial (mg C kg-1 soil)
	0.67 ± 0.06
	0.21 ± 0.01
	1.99 ± 0.10
	0.34 ± 0.03
	1.08 ± 0.11
	0.42 ± 0.01

	Cmicrobial per SOC (g C kg-1 SOC)
	18.2 ± 0.9
	8.2 ± 0.5
	15.6 ± 0.7
	17.1 ± 1.2
	11.7 ± 0.7
	7.4 ± 0.8

	Root density (g dm-3)
	1.54 ± 0.30
	0.19 ± 0.07
	6.71 ± 0.85
	0.16 ± 0.05
	1.37 ± 0.73
	0.07 ± 0.01

	Soil geochemistry
	
	
	
	
	
	

	Clay (%)
	24.8 ± 0.8
	32.6 ± 0.3
	61.4 ± 4.0
	60.5 ± 3.3
	10.6 ± 1.0
	3.8 ± 0.2

	Phyllosilicate composition
	K, V
	K, V
	H
	H, S
	K, V
	K, V

	Caex+Mgex (cmol+ kg-1 soil)
	12.3 ± 0.4
	17.1 ± 0.2
	28.7 ± 0.5
	41.1 ± 1.6
	3.4 ± 0.7
	1.5 ± 0.3

	Fed-o (g kg-1 soil)
	8.1 ± 0.2
	13.1 ± 0.4
	1.6 ± 0.2
	3.6 ± 0.1
	13.8 ± 0.4
	13.2 ± 0.5

	Feo (g kg-1 soil)
	17.7 ± 0.3
	21.5 ± 0.2
	19.3 ± 0.9
	6.9 ± 0.2
	15.8 ± 0.4
	17.1 ± 0.3

	Alo (g kg-1 soil)
	7.5 ± 0.3
	8.3 ± 0.0
	10.2 ± 0.9
	2.7 ± 0.1
	28.7 ± 0.5
	36.6 ± 1.6

	Sio (g kg-1 soil)
	1.9 ± 0.1
	2.3 ± 0.0
	1.2 ± 0.2
	1.3 ± 0.0
	6.7 ± 0.2
	9.9 ± 0.7

	Alp-xSip (g kg-1 soil)
	1.2 ± 0.0
	0.9 ± 0.0
	-3.0 ± 1.4
	-1.1 ± 0.1
	10.7 ± 0.2
	9.4 ± 0.2


SOC, soil organic carbon; fPOM, fraction of particulate organic matter; fMAOM, fraction of mineral-associated organic matter; HI, hydrogen index; OI, oxygen index; γSOC, degree of reduction of SOC; µEa and σEa, mean and standard deviation of activation energy of decomposition; T90-HxCy-pyrolysis, temperature at which 90 % of HxCy was evolved during pyrolysis; T50-CO2-pyrolysis and T50-CO2-oxidation, temperatures at which 50 % of CO2 was evolved during pyrolysis and oxidation, respectively; ex, d, o, and p, exchangeable, dithionite, oxalate, and pyrophosphate extracts, respectively. Phyllosilicate composition: K, kaolinite; S, smectite; V, vermiculite. See Supplementary Figure 7 for XRD analyses of phyllosilicate composition.

[bookmark: _Toc81226742]Supplementary Table 2. Statistical results of analyses of variance for soil properties and incubations (n = 24 soil cores).
	
	Soil layer
	
	Soil type
	
	Interaction

	
	% of r2
	F1,18
	P
	
	% of r2
	F2,18
	P
	
	% of r2
	F2,18
	P

	SOC content
	45.5
	171.8
	<0.001***
	 
	27.7
	54.8
	<0.001***
	 
	51.5
	56.8
	<0.001***

	fPOM
	85.5
	110.6
	<0.001***
	
	9.7
	6.3
	0.008**
	
	4.8
	3.1
	0.068†

	fMAOM
	
	
	
	
	
	
	
	
	
	
	

	HI
	60.9
	733.2
	<0.001***
	
	11.8
	71.2
	<0.001***
	
	27.3
	164.1
	<0.001***

	OI
	15.6
	70.9
	<0.001***
	
	75.5
	171.2
	<0.001***
	
	8.9
	20.1
	<0.001***

	γSOC
	83.4
	149.8
	<0.001***
	
	9.7
	8.7
	0.002**
	
	6.9
	6.2
	0.008**

	δ13C
	35.2
	88.9
	<0.001***
	
	55.4
	70.0
	<0.001***
	
	9.4
	11.8
	<0.001***

	Δ14C
	46.3
	473.1
	<0.001***
	
	49.5
	253.0
	<0.001***
	
	4.3
	21.9
	<0.001***

	Mean SOC age 
	31.2
	684.8
	<0.001***
	
	45.4
	500.2
	<0.001***
	
	23.4
	257.1
	<0.001***

	Energy density (ΔE)
	79.0
	147.3
	<0.001***
	
	16.5
	15.4
	<0.001***
	
	4.5
	4.2
	0.032*

	µEa
	20.2
	122.6
	<0.001***
	
	70.0
	212.0
	<0.001***
	
	9.7
	29.4
	<0.001***

	σEa
	21.9
	73.3
	<0.001***
	
	55.0
	92.3
	<0.001***
	
	23.1
	38.7
	<0.001***

	T50-CO2-pyrolysis
	23.8
	91.3
	<0.001***
	
	58.1
	111.3
	<0.001***
	
	18.0
	34.5
	<0.001***

	T50-CO2-oxidation
	26.3
	92.9
	<0.001***
	
	58.3
	102.8
	<0.001***
	
	15.4
	27.1
	<0.001***

	T90-HxCy-pyrolysis
	97.8
	88.2
	<0.001***
	
	0.4
	0.2
	0.827ns
	
	14.4
	0.8
	0.460ns

	ROI
	83.3
	154.5
	<0.001***
	
	11.8
	11.0
	<0.001***
	
	4.8
	4.5
	<0.001***

	Root density
	43.3
	62.7
	<0.001***
	
	28.7
	20.8
	<0.001***
	
	28.0
	20.3
	<0.001***

	Cmicrobial
	58.1
	303.8
	<0.001***
	
	23.6
	61.8
	<0.001***
	
	18.2
	47.6
	<0.001***

	Cmicrobial:SOC
	25.4
	39.8
	<0.001***
	
	43.6
	34.2
	<0.001***
	
	31.0
	24.3
	<0.001***

	Clay
	0.0
	0.0
	0.993ns
	
	98.2
	302.2
	<0.001***
	
	1.8
	5.5
	0.013*

	Caex+Mgex
	2.5
	45.9
	<0.001***
	
	93.1
	863.5
	<0.001***
	
	4.5
	41.4
	<0.001***

	Fed-o
	4.8
	62.5
	<0.001***
	
	89.7
	584.4
	<0.001***
	
	5.5
	36.1
	<0.001***

	Feo
	7.1
	42.2
	<0.001***
	
	33.4
	99.2
	<0.001***
	
	59.4
	176.4
	<0.001***

	Alo
	0.0
	0.3
	0.550ns
	
	93.6
	713.5
	<0.001***
	
	6.4
	48.7
	<0.001***

	Sio
	3.4
	21.0
	<0.001***
	
	91.9
	280.7
	<0.001***
	
	4.6
	14.2
	<0.001***

	Alp-xSip
	0.0
	0.1
	0.820ns
	
	98.3
	229.0
	<0.001***
	
	1.7
	3.9
	0.040*

	kSOC unplanted - time‡
	54.5
	171.0
	<0.001***
	 
	31.2
	48.9
	<0.001***
	 
	14.3
	31.2
	<0.001***

	RPE - time‡
	63.9
	752.9
	<0.001***
	 
	22.2
	130.7
	<0.001***
	 
	13.9
	81.8
	<0.001***

	kSOC unplanted - depth¥
	57.4
	113.7
	<0.001***
	 
	24.3
	24.3
	<0.001***
	 
	18.0
	17.8
	<0.001***

	RPE - depth¥
	85.1
	354.5
	<0.001***
	 
	7.6
	15.8
	<0.001***
	 
	7.3
	15.1
	<0.001***


‡, first series of incubations related to variation across time; ¥, second series of incubations related to variation across depth in the microcosms. See Table 1 and Figure 1 for abbreviations.

[bookmark: _Toc81226744]Supplementary Table 3. Statistical results of analyses of covariance for the first series of incubations (variation across time, n = 288 and 144 incubations for kSOC and RPE, respectively).
	Factors
	 
	kSOC⁋
	 
	RPE

	
	 
	% of r2
	F
	P
	 
	% of r2 
	F
	P

	Plant-derived respiration (Rplant)
	 
	51.5
	578.3
	<0.001***
	
	56.6
	293.8
	<0.001***

	Soil layer (Layer)
	 
	26.2
	294.7
	<0.001***
	
	0.3
	1.5
	0.216ns

	Soil type (Soil)
	 
	10.6
	59.3
	<0.001***
	
	0.1
	0.2
	0.845ns

	Rplant:Layer
	 
	10.3
	116.2
	<0.001***
	
	24.1
	125.1
	<0.001***

	Rplant:Soil
	 
	0.7
	3.8
	0.025*
	
	8.4
	21.7
	<0.001***

	Layer:Soil
	 
	0.0
	0.3
	0.779ns
	
	1.0
	2.5
	0.087†

	Rplant:Layer:Soil
	 
	0.6
	3.5
	0.034*
	
	9.6
	25.0
	<0.001***

	Marginal r2
	
	0.84
	
	0.80

	Conditional r2
	
	0.87
	
	0.81


⁋ log-transformed

[bookmark: _Toc81226745][bookmark: _Hlk75792746][bookmark: _Hlk75856889]Supplementary Table 4. Statistical results of analyses of covariance for the second series of incubations (variation across soil column depth, n = 144 and 72 incubations for kSOC and RPE, respectively).
	Factors
	 
	kSOC⁋
	 
	RPE

	
	 
	% of r2
	F
	P
	 
	% of r2 
	F
	P

	Living root density (Root)
	
	66.1
	182.0
	<0.001***
	
	60.8
	142.8
	<0.001***

	Soil layer (Layer)
	
	10.3
	28.4
	<0.001***
	
	7.9
	18.5
	<0.001***

	Soil type (Soil)
	
	10.5
	14.4
	<0.001***
	
	4.0
	4.7
	0.014*

	Root:Layer
	
	1.5
	4.2
	0.044*
	
	15.6
	36.7
	<0.001***

	Root:Soil
	
	6.8
	9.3
	<0.001***
	
	8.2
	9.7
	<0.001***

	Layer:Soil
	
	3.0
	4.5
	0.022*
	
	1.3
	1.5
	0.234ns

	Root:Layer:Soil
	
	1.8
	2.4
	0.094†
	
	2.1
	2.5
	0.096†

	Marginal r2
	
	0.64
	
	0.84

	Conditional r2
	
	0.88
	
	0.87

	Root-derived respiration (Rroot)
	
	43.1
	141.2
	<0.001***
	
	49.7
	48.7
	<0.001***

	Soil layer (Layer)
	
	17.0
	55.5
	<0.001***
	
	5.2
	5.1
	0.028*

	Soil type (Soil)
	
	13.8
	22.6
	<0.001***
	
	8.1
	4.0
	0.024*

	Rroot:Layer
	
	7.2
	23.6
	<0.001***
	
	14.4
	14.1
	<0.001***

	Rroot:Soil
	
	11.3
	18.5
	<0.001***
	
	17.8
	8.7
	<0.001***

	Layer:Soil
	
	2.9
	4.8
	0.014*
	
	2.6
	1.3
	0.287ns

	Rroot:Layer:Soil
	
	4.7
	7.6
	<0.001***
	
	2.3
	1.1
	0.337ns

	Marginal r2
	
	0.73
	
	0.78

	Conditional r2
	
	0.85
	
	0.78

	Net rhizodeposition (NetRhiz)
	
	50.4
	175.0
	<0.001***
	
	51.4
	34.1
	<0.001***

	Soil layer (Layer)
	
	10.4
	36.0
	<0.001***
	
	10.5
	7.0
	0.011*

	Soil type (Soil)
	
	7.2
	12.5
	<0.001***
	
	0.2
	0.1
	0.234ns

	NetRhiz:Layer
	
	8.8
	30.5
	<0.001***
	
	24.6
	16.3
	<0.001***

	NetRhiz:Soil
	
	17.1
	29.6
	<0.001***
	
	10.7
	3.5
	0.036*

	Layer:Soil
	
	5.7
	9.8
	<0.001***
	
	0.3
	0.1
	0.234ns

	NetRhiz:Layer:Soil
	
	0.6
	1.0
	0.386ns
	
	2.3
	0.8
	0.234ns

	Marginal r2
	
	0.72
	
	0.65

	Conditional r2
	
	0.74
	
	0.65


⁋ log-transformed for the predictors ’Living root density’ and ’ Root-derived respiration’

[bookmark: _Toc81226746]Supplementary Table 5. Statistical results of two-way analyses of covariance for radiocarbon data in the second series of incubations (variation across soil column depth, n = 24 incubations).
	Factors
	 
	Δ14Csoil
	 
	Mean age of respired SOC 

	
	 
	% of r2
	F
	P
	 
	% of r2 
	F
	P

	Living root density (Root)
	 
	95.6
	61.9
	<0.001***
	
	93.7
	72.1
	<0.001***

	Soil type (Soil)
	 
	4.3
	5.6
	0.034*
	
	4.1
	6.2
	0.027*

	Root:Soil
	 
	0.1
	0.0
	0.972ns
	
	2.2
	1.7
	0.220ns

	Marginal r2
	
	0.85
	
	0.81

	Conditional r2
	
	0.90
	
	0.94



[bookmark: _Toc81226747][bookmark: _Toc81226748]Supplementary Table 6. Site characteristics for each soil type.
	
	Cambisol
	Vertisol
	Andosol

	Location
	Theix
	Saint Jean de Nay
	Laqueuille

	Latitude
	45°43’24”N
	45°04’43”N
	45°38’20”N

	Longitude
	03°01’15”E
	03°43’25”E
	2°44’28”E

	Elevation (m)
	880
	920
	1040

	Mean annual temperature (°C)
	9.0
	8.1
	7.7

	Mean annual precipitation (mm)
	760
	692
	859

	Parent material
	granite
	basalt
	[bookmark: _Hlk73007797]trachyandesite

	Soil depth (m)
	1
	2.5
	0.8

	Soil texture
	Loam
	Clay
	Silt



[bookmark: _Toc81226743]Supplementary Table 7. Additional soil properties. Mean ± standard error (n = 4).
	
	Cambisol
	Vertisol
	Andosol

	
	Topsoil
	Subsoil
	Topsoil
	Subsoil
	Topsoil
	Subsoil

	SOC molar mass (g SOC mol-1 SOM)
	6.11 ± 0.02
	5.86 ± 0.01
	6.51 ± 0.01
	6.59 ± 0.01
	6.28 ± 0.00
	6.09 ± 0.06

	Energy density (kJ g-1 SOC)
	25.9 ± 0.4
	19.1 ± 0.7
	29.3 ± 0.8
	19.4 ± 1.1
	28.0 ± 0.5
	23.1 ± 0.7

	SOM C:N ratio (g C·g-1 N)
	9.2 ± 0.1
	9.3 ± 0.1
	13.4 ± 0.3
	13.9 ± 0.5
	9.9 ± 0.1
	10.7 ± 0.3

	pH
	5.8 ± 0.1
	6.9 ± 0.0
	5.9 ± 0.1
	6.4 ± 0.0
	5.3 ± 0.1
	6.1 ± 0.1

	CEC (cmol+ kg-1 soil)
	13.4 ± 0.4
	18.8 ± 0.3
	31.4 ± 0.5
	45.1 ± 1.7
	6.0 ± 0.4
	4.2 ± 0.2

	Soil bulk density (kg dm-3)
	0.81 ± 0.03
	0.81 ± 0.03
	0.51 ± 0.01
	0.84 ± 0.03
	0.54 ± 0.02
	0.44 ± 0.06




Supplementary Table 8. Uncertainty in 13C isotopic partitioning of CO2 fluxes for the first series of incubations. Mean ± standard error (n = 4).
	Soil type
	Soil layer
	Plant presence
	Days after planting
	Season
	‰
	%

	
	
	
	
	
	δ13Ctotal
	δ13Csoil
	δ13Cplant
	fsoil
	σfsoil
	Δfsoil|
Δδ13Csoil
	Δfsoil|
Δδ13Cplant
	ΔRPE|
Δδ13Csoil
	ΔRPE|
Δδ13Cplant

	Mean
	-37.6
	-25.5
	-53.8
	57.3
	1.1
	2.0
	1.5
	0.2
	19.3

	Min
	-48.7
	-26.6
	-54.4
	18.3
	0.4
	0.6
	0.2
	0.0
	2.5

	1st quartile
	-44.6
	-26.0
	-54.1
	32.3
	0.6
	1.1
	0.7
	0.1
	6.0

	Mediane
	-37.6
	-25.8
	-54.0
	56.5
	0.7
	2.0
	1.5
	0.1
	11.4

	3st quartile
	-30.3
	-24.8
	-53.8
	81.9
	1.5
	2.9
	2.4
	0.1
	24.2

	Max
	-27.1
	-24.4
	-52.7
	95.9
	2.1
	3.5
	2.9
	1.1
	85.8

	Cambisol
	Topsoil
	Planted
	76
	Fall
	-40.5 ± 0.5
	-24.6 ± 0.5
	-54.4 ± 0.1
	46.5 ± 1.7
	1.0 ± 0.0
	1.6 ± 0.1
	1.8 ± 0.1
	0.1 ± 0.0
	2.6 ± 0.3

	
	
	
	139
	Winter
	-43.0 ± 1.4
	
	
	38.4 ± 4.6
	0.8 ± 0.1
	1.3 ± 0.2
	2.1 ± 0.2
	0.1 ± 0.0
	4.5 ± 1.2

	
	
	
	174
	Spring
	-45.1 ± 0.3
	
	
	31.2 ± 0.7
	0.7 ± 0.0
	1.0 ± 0.0
	2.3 ± 0.0
	0.1 ± 0.0
	7.5 ± 0.5

	
	
	
	201
	Spring
	-45.5 ± 0.3
	
	
	30.0 ± 1.2
	0.7 ± 0.0
	1.0 ± 0.0
	2.3 ± 0.0
	0.1 ± 0.0
	12.2 ± 1.4

	
	
	
	242
	Summer
	-46.4 ± 0.8
	
	
	26.8 ± 2.7
	0.7 ± 0.0
	0.9 ± 0.1
	2.5 ± 0.1
	0.1 ± 0.0
	16.1 ± 1.0

	
	
	
	272
	Summer
	-44.2 ± 0.5
	
	
	34.3 ± 1.8
	0.8 ± 0.0
	1.1 ± 0.1
	2.2 ± 0.1
	0.1 ± 0.0
	11.9 ± 0.9

	
	
	Unplanted
	83
	Fall
	-32.4 ± 0.4
	
	-53.8 ± 0.1
	73.1 ± 1.3
	1.4 ± 0.0
	2.5 ± 0.0
	0.9 ± 0.0
	

	
	
	
	146
	Winter
	-33.2 ± 1.1
	
	
	70.6 ± 3.6
	1.4 ± 0.1
	2.4 ± 0.1
	1.0 ± 0.1
	

	
	
	
	181
	Spring
	-30.2 ± 0.4
	
	
	80.8 ± 1.4
	1.6 ± 0.0
	2.8 ± 0.0
	0.7 ± 0.0
	

	
	
	
	209
	Spring
	-30.2 ± 0.7
	
	
	80.9 ± 2.4
	1.6 ± 0.0
	2.8 ± 0.1
	0.7 ± 0.1
	

	
	
	
	230
	Spring
	-29.1 ± 0.4
	
	
	84.5 ± 1.5
	1.6 ± 0.0
	2.9 ± 0.1
	0.5 ± 0.1
	

	
	
	
	251
	Spring
	-29.0 ± 0.2
	
	
	84.8 ± 0.7
	1.7 ± 0.0
	2.9 ± 0.0
	0.5 ± 0.0
	

	
	Subsoil
	Planted
	83
	Fall
	-43.5 ± 0.9
	-24.4 ± 0.4
	-53.8 ± 0.1
	35.8 ± 3.1
	0.7 ± 0.0
	1.2 ± 0.1
	2.2 ± 0.1
	0.0 ± 0.0
	4.3 ± 1.0

	
	
	
	146
	Winter
	-44.5 ± 3.0
	
	
	32.6 ± 9.8
	0.7 ± 0.1
	1.1 ± 0.3
	2.3 ± 0.3
	0.1 ± 0.0
	10.9 ± 3.7

	
	
	
	181
	Spring
	-45.7 ± 0.5
	
	
	28.3 ± 1.6
	0.6 ± 0.0
	1.0 ± 0.1
	2.4 ± 0.1
	0.1 ± 0.0
	21.5 ± 1.6

	
	
	
	209
	Spring
	-46.5 ± 0.6
	
	
	25.8 ± 1.9
	0.6 ± 0.0
	0.9 ± 0.1
	2.5 ± 0.1
	0.1 ± 0.0
	32.7 ± 2.1

	
	
	
	230
	Spring
	-48.7  ± 0.5
	
	
	18.3 ± 1.5
	0.6 ± 0.0
	0.6 ± 0.1
	2.8 ± 0.1
	0.1 ± 0.0
	52.4 ± 4.9

	
	
	
	251
	Spring
	-47.9  ± 0.5
	
	
	20.7 ± 2.1
	0.6 ± 0.0
	0.7 ± 0.1
	2.7 ± 0.1
	0.1 ± 0.0
	46.4 ± 2.7

	
	
	Unplanted
	83
	Fall
	-35.3 ± 1.5
	
	-53.8 ± 0.1
	63.2 ± 5.0
	1.1 ± 0.1
	2.2 ± 0.2
	1.3 ± 0.2
	

	
	
	
	146
	Winter
	-31.6 ± 2.9
	
	
	74.6 ± 8.8
	1.2 ± 0.1
	2.6 ± 0.3
	0.9 ± 0.3
	

	
	
	
	181
	Spring
	-31.3 ± 1.0
	
	
	76.8 ± 3.4
	1.2 ± 0.0
	2.6 ± 0.1
	0.8 ± 0.1
	

	
	
	
	209
	Spring
	-33.4 ± 0.8
	
	
	69.7 ± 2.6
	1.1 ± 0.0
	2.4 ± 0.1
	1.0 ± 0.1
	

	
	
	
	230
	Spring
	-27.4 ± 0.3
	
	
	89.8 ± 1.1
	1.4 ± 0.0
	3.1 ± 0.0
	0.3 ± 0.0
	

	
	
	
	251
	Spring
	-29.1 ± 2.4
	
	
	84.0 ± 8.1
	1.3 ± 0.1
	2.9 ± 0.3
	0.5 ± 0.3
	

	Vertisol
	Topsoil
	Planted
	83
	Fall
	-40.0 ± 0.6
	-26.0 ± 0.3
	-53.9 ± 0.4
	49.8 ± 1.6
	0.8 ± 0.0
	1.8 ± 0.1
	1.8 ± 0.1
	0.1 ± 0.0
	2.5 ± 0.2

	
	
	
	146
	Winter
	-41.5 ± 1.6
	
	
	44.6 ± 5.4
	0.7 ± 0.1
	1.6 ± 0.2
	2.0 ± 0.2
	0.1 ± 0.0
	4.3 ± 1.1

	
	
	
	181
	Spring
	-43.2 ± 0.3
	
	
	38.2 ± 1.0
	0.7 ± 0.0
	1.4 ± 0.0
	2.2 ± 0.0
	0.1 ± 0.0
	6.3 ± 0.3

	
	
	
	209
	Spring
	-43.6 ± 0.4
	
	
	36.9 ± 0.8
	0.7 ± 0.0
	1.3 ± 0.0
	2.3 ± 0.0
	0.1 ± 0.0
	8.4 ± 0.2

	
	
	
	230
	Spring
	-44.4 ± 0.7
	
	
	34.1 ± 1.9
	0.6 ± 0.0
	1.2 ± 0.1
	2.4 ± 0.1
	0.1 ± 0.0
	10.9 ± 0.4

	
	
	
	251
	Spring
	-43.4 ± 0.7
	
	
	37.7 ± 2.6
	0.7 ± 0.0
	1.4 ± 0.1
	2.2 ± 0.1
	0.1 ± 0.0
	8.6 ± 0.1

	
	
	Unplanted
	83
	Fall
	-31.2 ± 0.7
	
	-53.8 ± 0.1
	81.4 ± 2.5
	1.1 ± 0.0
	2.9 ± 0.1
	0.7 ± 0.1
	

	
	
	
	146
	Winter
	-29.6 ± 2.2
	
	
	84.7 ± 5.5
	1.1 ± 0.1
	3.1 ± 0.3
	0.6 ± 0.3
	

	
	
	
	181
	Spring
	-27.7 ± 0.2
	
	
	93.1 ± 1.1
	1.2 ± 0.0
	3.4 ± 0.0
	0.2 ± 0.0
	

	
	
	
	209
	Spring
	-28.5 ± 0.2
	
	
	91.2 ± 0.5
	1.2 ± 0.0
	3.3 ± 0.0
	0.3 ± 0.0
	

	
	
	
	230
	Spring
	-27.8 ± 0.2
	
	
	93.7 ± 0.6
	1.2 ± 0.0
	3.4 ± 0.0
	0.2 ± 0.0
	

	
	
	
	251
	Spring
	-27.6 ± 0.6
	
	
	94.3 ± 2.2
	1.2 ± 0.0
	3.4 ± 0.1
	0.2 ± 0.1
	

	
	Subsoil
	Planted
	83
	Fall
	-42.2 ± 1.3
	-26.1 ± 0.4
	-54.0 ± 0.1
	42.2 ± 4.3
	0.9 ± 0.1
	1.5 ± 0.2
	2.1 ± 0.2
	0.0 ± 0.0
	5.0 ± 1.0

	
	
	
	146
	Winter
	-47.4 ± 1.8
	
	
	23.6 ± 6.3
	0.7 ± 0.1
	0.8 ± 0.2
	2.7 ± 0.2
	0.1 ± 0.0
	18.3 ± 4.2

	
	
	
	181
	Spring
	-48.3 ± 0.2
	
	
	20.4 ± 0.6
	0.6 ± 0.0
	0.7 ± 0.0
	2.8 ± 0.0
	0.1 ± 0.0
	32.3 ± 1.2

	
	
	
	209
	Spring
	-48.3 ± 0.5
	
	
	20.5 ± 1.6
	0.6 ± 0.0
	0.7 ± 0.1
	2.8 ± 0.1
	0.1 ± 0.0
	38.8 ± 2.7

	
	
	
	230
	Spring
	-48.7 ± 0.7
	
	
	19.0 ± 2.4
	0.6 ± 0.0
	0.7 ± 0.1
	2.9 ± 0.1
	0.1 ± 0.0
	61.4 ± 7.1

	
	
	
	251
	Spring
	-46.5 ± 0.6
	
	
	27.0 ± 2.0
	0.7 ± 0.0
	1.0 ± 0.1
	2.6 ± 0.1
	0.1 ± 0.0
	36.2 ± 4.9

	
	
	Unplanted
	83
	Fall
	-31.5 ± 0.8
	
	-53.8 ± 0.1
	80.2 ± 2.7
	1.5 ± 0.0
	2.9 ± 0.1
	0.7 ± 0.1
	

	
	
	
	146
	Winter
	-31.9 ± 1.5
	
	
	79.0 ± 5.2
	1.4 ± 0.1
	2.8 ± 0.2
	0.8 ± 0.2
	

	
	
	
	181
	Spring
	-27.8 ± 0.7
	
	
	93.8 ± 2.7
	1.7 ± 0.0
	3.4 ± 0.1
	0.2 ± 0.1
	

	
	
	
	209
	Spring
	-30.3 ± 1.3
	
	
	84.8 ± 4.8
	1.5 ± 0.1
	3.1 ± 0.2
	0.5 ± 0.2
	

	
	
	
	230
	Spring
	-27.1 ± 0.8
	
	
	95.9 ± 2.5
	1.7 ± 0.0
	3.5 ± 0.1
	0.2 ± 0.1
	

	
	
	
	251
	Spring
	-30.7 ± 3.8
	
	
	81.2 ± 10.8
	1.5 ± 0.2
	3.0 ± 0.4
	0.8 ± 0.4
	

	Andosol
	Topsoil
	Planted
	83
	Fall
	-42.7 ± 0.5
	-26.6 ± 0.5
	-54.0 ± 0.2
	41.0 ± 2.3
	1.0 ± 0.0
	1.5 ± 0.1
	2.2 ± 0.1
	0.0 ± 0.0
	4.9 ± 0.9

	
	
	
	146
	Winter
	-43.4 ± 1.7
	
	
	38.5 ± 6.1
	1.0 ± 0.1
	1.4 ± 0.2
	2.2 ± 0.2
	0.1 ± 0.0
	7.0 ± 1.6

	
	
	
	181
	Spring
	-45.4 ± 0.3
	
	
	31.3 ± 1.4
	0.8 ± 0.0
	1.1 ± 0.0
	2.5 ± 0.0
	0.1 ± 0.0
	10.7 ± 1.0

	
	
	
	209
	Spring
	-45.4 ± 0.6
	
	
	31.2 ± 2.0
	0.8 ± 0.0
	1.1 ± 0.1
	2.5 ± 0.1
	0.1 ± 0.0
	18.1 ± 0.7

	
	
	
	230
	Spring
	-46.1 ± 0.7
	
	
	28.7 ± 2.0
	0.8 ± 0.0
	1.1 ± 0.1
	2.6 ± 0.1
	0.1 ± 0.0
	18.7 ± 1.6

	
	
	
	251
	Spring
	-45.9 ± 0.6
	
	
	29.4 ± 2.4
	0.8 ± 0.0
	1.1 ± 0.1
	2.6 ± 0.1
	0.1 ± 0.0
	17.4 ± 1.2

	
	
	Unplanted
	83
	Fall
	-33.1 ± 0.1
	
	-53.8 ± 0.1
	76.2 ± 0.4
	1.7 ± 0.0
	2.8 ± 0.0
	0.9 ± 0.0
	

	
	
	
	146
	Winter
	-30.1 ± 2.6
	
	
	83.2 ± 6.1
	1.9 ± 0.1
	3.2 ± 0.4
	0.8 ± 0.4
	

	
	
	
	181
	Spring
	-29.4 ± 0.2
	
	
	89.5 ± 0.8
	2.0 ± 0.0
	3.3 ± 0.0
	0.4 ± 0.0
	

	
	
	
	209
	Spring
	-30.4 ± 0.2
	
	
	86.1 ± 0.6
	1.9 ± 0.0
	3.2 ± 0.0
	0.5 ± 0.0
	

	
	
	
	230
	Spring
	-28.1 ± 0.1
	
	
	94.5 ± 0.2
	2.1 ± 0.0
	3.5 ± 0.0
	0.2 ± 0.0
	

	
	
	
	251
	Spring
	-28.2 ± 0.5
	
	
	94.1 ± 1.7
	2.1 ± 0.0
	3.5 ± 0.1
	0.2 ± 0.1
	

	
	Subsoil
	Planted
	83
	Fall
	-40.0 ± 0.6
	-25.6 ± 0.5
	-52.7 ± 0.3
	46.9 ± 2.0
	1.1 ± 0.0
	1.7 ± 0.1
	2.0 ± 0.1
	0.2 ± 0.0
	3.0 ± 0.3

	
	
	
	146
	Winter
	-40.5 ± 1.9
	
	
	45.1 ± 6.8
	1.1 ± 0.1
	1.7 ± 0.3
	2.0 ± 0.3
	0.2 ± 0.0
	4.2 ± 1.2

	
	
	
	181
	Spring
	-42.8 ± 1.3
	
	
	36.5 ± 4.3
	0.9 ± 0.1
	1.4 ± 0.2
	2.3 ± 0.2
	0.2 ± 0.1
	8.8 ± 1.9

	
	
	
	209
	Spring
	-43.8 ± 1.7
	
	
	32.8 ± 6.2
	0.9 ± 0.1
	1.2 ± 0.2
	2.5 ± 0.2
	0.3 ± 0.1
	16.5 ± 4.8

	
	
	
	230
	Spring
	-45.4 ± 0.8
	
	
	26.9 ± 2.8
	0.8 ± 0.0
	1.0 ± 0.1
	2.7 ± 0.1
	0.7 ± 0.2
	41.7 ± 7.8

	
	
	
	251
	Spring
	-46.4 ± 0.2
	
	
	23.0 ± 1.5
	0.7 ± 0.0
	0.8 ± 0.0
	2.9 ± 0.0
	1.1 ± 0.2
	85.8 ± 4.8

	
	
	Unplanted
	83
	Fall
	-34.8 ± 0.8
	
	-53.8 ± 0.1
	67.4 ± 2.9
	1.4 ± 0.1
	2.4 ± 0.1
	1.2 ± 0.1
	

	
	
	
	146
	Winter
	-33.8 ± 1.8
	
	
	71.1 ± 6.2
	1.5 ± 0.1
	2.5 ± 0.2
	1.0 ± 0.2
	

	
	
	
	181
	Spring
	-33.2 ± 0.7
	
	
	72.9 ± 2.5
	1.5 ± 0.0
	2.6 ± 0.1
	1.0 ± 0.1
	

	
	
	
	209
	Spring
	-33.5 ± 1.4
	
	
	71.9 ± 4.9
	1.5 ± 0.1
	2.5 ± 0.2
	1.0 ± 0.2
	

	
	
	
	230
	Spring
	-30.4 ± 0.5
	
	
	82.9 ± 1.8
	1.7 ± 0.0
	2.9 ± 0.1
	0.6 ± 0.1
	

	
	
	
	251
	Spring
	-32.9 ± 2.2
	
	
	74.3 ± 7.6
	1.5 ± 0.1
	2.6 ± 0.3
	0.9 ± 0.3
	


fsoil is the proportion of soil-derived CO2 in plant-soil system respiration (in %); σfsoil is the standard error of fsoil related to sampling and analytical errors; Δfsoil|Δδ13Csoil and Δfsoil|Δδ13Cplant are the variations in fsoil to a 1 ‰ variation in δ13Csoil and δ13Cplant, respectively; ΔRPE|Δδ13Csoil and ΔRPE|Δδ13Cplant are the variations in RPE to a 1 ‰ variation in δ13Csoil and δ13Cplant, respectively.

[bookmark: _Toc81226749]Supplementary Table 9. Uncertainty in 13C isotopic partitioning of CO2 fluxes for the second series of incubations. Mean ± standard error (n = 4).
	Soil type
	Soil layer
	Depth
	‰
	%

	
	
	
	δ13Ctotal
	δ13Csoil
	δ13Cplant
	fsoil
	σfsoil
	Δfsoil|
Δδ13Csoil
	ΔRPE|
Δδ13Cplant

	Mean
	-37.1
	-25.5
	-50.4
	53.3
	1.2
	1.9
	12.2

	Min
	-42.9
	-26.6
	-51.2
	30.3
	0.7
	0.8
	0.4

	1st quartile
	-37.4
	-25.8
	-50.8
	50.7
	1.1
	1.9
	9.5

	Mediane
	-37.4
	-25.8
	-50.8
	50.7
	1.1
	1.9
	9.5

	3st quartile
	-36.6
	-24.6
	-50.0
	57.4
	1.4
	2.2
	14.1

	Max
	-30.4
	-24.4
	-48.5
	78.1
	1.7
	2.7
	55.7

	Cambisol
	Topsoil
	0-20 cm
	-38.0 ± 0.4
	-24.6 ± 0.5
	-51.2 ± 0.1
	49.7 ± 1.5
	1.1 ± 0.0
	1.9 ± 0.1
	8.6 ± 0.5

	
	
	20-40 cm
	-32.9 ± 1.6
	
	
	68.9 ± 5.9
	1.5 ± 0.1
	1.2 ± 0.2
	2.0 ± 0.1

	
	
	40-60 cm
	-30.4 ± 1.3
	
	
	78.1 ± 4.9
	1.7 ± 0.1
	0.8 ± 0.2
	0.4 ± 0.4

	
	Subsoil
	0-20 cm
	-42.9 ± 0.2
	-24.4 ± 0.4
	-50.9 ± 0.1
	30.3 ± 0.8
	0.7 ± 0.0
	2.6 ± 0.0
	55.7 ± 3.6

	
	
	20-40 cm
	-38.2 ± 0.8
	
	
	48.2 ± 3.1
	0.9 ± 0.0
	2.0 ± 0.1
	10.5 ± 0.8

	
	
	40-60 cm
	-38.1 ±0.4
	
	
	48.4 ± 1.4
	0.9 ± 0.0
	1.9 ± 0.0
	9.8 ± 0.9

	Vertisol
	Topsoil
	0-20 cm
	-36.4 ± 0.0
	-26.0 ± 0.3
	-50.8 ± 0.4
	57.9 ± 0.7
	0.9 ± 0.0
	1.7 ± 0.1
	5.4 ± 0.5

	
	
	20-40 cm
	-34.2 ± 1.9
	
	
	66.8 ± 7.5
	1.0 ± 0.1
	1.3 ± 0.3
	2.4 ± 0.5

	
	
	40-60 cm
	-34.7 ± 2.1
	
	
	64.8 ± 8.4
	1.0 ± 0.1
	1.4 ± 0.3
	2.9 ± 0.9

	
	Subsoil
	0-20 cm
	-37.1 ± 0.1
	-26.1 ± 0.4
	-51.0 ± 0.4
	55.5 ± 0.7
	1.2 ± 0.0
	1.8 ± 0.1
	19.7 ± 2.5

	
	
	20-40 cm
	-38.6 ± 1.6
	
	
	49.4 ± 7.1
	1.1 ± 0.1
	2.0 ± 0.3
	9.7 ± 2.0

	
	
	40-60 cm
	-40.4 ± 2.1
	
	
	42.3 ± 8.3
	1.0 ± 0.1
	2.3 ± 0.3
	15.8 ± 6.1

	Andosol
	Topsoil
	0-20 cm
	-36.9 ± 0.0
	-26.6 ± 0.5
	-50.0 ± 0.2
	55.8 ± 0.4
	1.5 ± 0.0
	1.9 ± 0.0
	10.7 ± 1.4

	
	
	20-40 cm
	-37.9 ± 0.7
	
	
	51.7 ± 2.9
	1.4 ± 0.1
	2.1 ± 0.1
	4.4 ± 0.5

	
	
	40-60 cm
	-36.9 ± 1.4
	
	
	55.9 ± 5.9
	1.5 ± 0.1
	1.9 ± 0.3
	3.1 ± 0.3

	
	Subsoil
	0-20 cm
	-37.5 ± 0.6
	-25.6 ± 0.5
	-48.5 ± 0.1
	48.1 ± 2.5
	1.3 ± 0.1
	2.3 ± 0.1
	33.7 ± 4.7

	
	
	20-40 cm
	-39.6 ± 0.9
	
	
	39.0 ± 4.0
	1.1 ± 0.1
	2.7 ± 0.2
	15.2 ± 0.5

	
	
	40-60 cm
	-37.3 ± 1.5
	
	
	48.8 ± 6.8
	1.3 ± 0.1
	2.2 ± 0.3
	10.1 ± 0.6


fsoil is the proportion of soil-derived CO2 in plant-soil system respiration; σfsoil is the standard error of fsoil related to sampling and analytical errors; Δfsoil|Δδ13Cplant and ΔRPE|Δδ13Cplant are the variation in respectively fsoil and RPE to a 1 ‰ variation in δ13Cplant.

[bookmark: _Toc81226750]Supplementary Table 10. Uncertainty in 14C isotopic partitioning for the second series of incubations. Mean ± standard error (n = 4).
	Soil type
	Soil layer
	Depth
	mg C-CO2 kg-1 soil day-1
	‰
	mg C-CO2 kg-1 soil day-1
	‰
	mg C-CO2 kg-1 soil day-1
	‰
	‰
	‰

	
	
	
	Rtotal
	Δ14Ctotal
	Rplant
	Δ14Cplant
	Rsoil
	Δ14Csoil
	ΔΔ14Csoil|Δδ13Cplant
	ΔΔ14Csoil|ΔΔ14Cplant

	Cambisol
	Subsoil
	0-20
	41.1 ± 2.5
	-761 ± 6 
	28.6 ± 1.8
	-852 ± 3
	12.5 ± 0.8
	-551 ± 17
	26.1 ± 1.0
	4.6 ± 0.2

	
	
	40-60
	9.7 ± 0.8
	-622 ± 16
	5.0 ± 0.5
	
	4.7 ± 0.4
	-377 ± 20
	19.1 ± 0.6
	2.1 ± 0.1

	Andosol
	Subsoil
	0-20
	45.3 ± 3.8
	-731 ± 11
	23.8 ± 3.3
	-820 ± 7
	21.5 ± 0.6
	-633 ± 23
	9.3 ± 2.1
	2.2 ± 0.2

	
	
	40-60
	14.3 ± 1.1
	-654 ± 20
	7.1 ± 0.4
	
	7.2 ± 1.4
	-452 ± 77
	22.9 ± 11.4
	2.4 ± 0.8

	Mean
	27.6
	-692
	16.1
	-836
	11.5
	-503
	19.4
	2.8


ΔΔ14Csoil|Δδ13Cplant and ΔΔ14Csoil|ΔΔ14Cplant are the variations in Δ14Csoil to a 1 ‰ variation in δ13Cplant and to a 2 ‰ variation in Δ14Cplant, respectively.
[bookmark: _Toc81226751]Supplementary Table 11. Plant biomass and δ13C at the end of the experiment and uncertainty in 13C isotopic partitioning of root biomass. Mean ± standard error (n = 4).
	 
	Cambisol
	 
	Vertisol
	 
	Andosol

	
	Surface
	Deep
	 
	Surface
	Deep
	 
	Surface
	Deep

	Shoot δ13C (‰)
	-51.15 ± 0.07
	-50.90 ± 0.19
	
	-50.52 ± 0.41
	-50.73 ± 0.12
	
	-51.25 ± 0.21
	-49.82 ± 0.32

	Dead and living root δ13C (‰)
	-47.33 ± 0.96
	-50.33 ± 0.08
	
	-44.25 ± 1.19
	-50.35 ± 0.39
	
	-48.28 ± 0.54
	-47.93 ± 0.14

	Living root δ13C (‰)
	-50.58 ± 0.07
	
	
	-50.15 ± 0.41
	
	
	-49.37 ± 0.21
	

	fliving (%)
	86.4 ± 3.8
	
	
	74.2 ± 5.3
	
	
	95.3 ± 3.0
	

	σfliving (%)
	0.6 ± 0.0
	
	
	0.6 ± 0.0
	
	
	0.6 ± 0.0
	

	Δfliving|Δδ13Cliving (%)
	3.6 ± 0.2
	
	
	3.3 ± 0.3
	
	
	4.2 ± 0.2
	

	Δfliving|Δδ13Cdead (%)
	0.6 ± 0.2
	
	
	1.1 ± 0.2
	
	
	0.2 ± 0.1
	

	Dead and living root biomass (g m-2)
	872 ± 34
	1,376 ± 91
	
	1,347 ± 194
	681 ± 160
	
	1,409 ± 135
	808 ± 78

	Living root biomass (g m-2)
	753 ± 45
	1,376 ± 91
	
	981 ± 101
	681 ± 160
	
	1,338 ± 126
	808 ± 78

	Shoot biomass (g m-2)
	1,893 ± 173
	2,012 ± 38
	
	2,731 ± 207
	1,733 ± 168
	
	2,147 ± 127
	1,713 ± 86

	Living plant biomass (g m-2)
	2,645 ± 203
	3,388 ± 97
	
	3,712 ± 196
	2,414 ± 316
	
	3,485 ± 227
	2,521 ± 158

	Living plant δ13C (‰)
	-50.99 ± 0.07
	-50.66 ± 0.14
	
	-50.42 ± 0.40
	-50.61 ± 0.13
	
	-50.53 ± 0.20
	-49.23 ± 0.27


fliving is the proportion of living roots in the living and dead root mixture (in %); σfliving is the standard error of fliving related to sampling and analytical errors; Δfliving|Δδ13Cliving and Δfliving|Δδ13Cdead are the variations in fliving to a 1 ‰ variation in δ13Cliving and δ13Cdead, respectively.

[bookmark: _Toc81226752]Supplementary Table 12. Uncertainty in 13C isotopic partitioning of SOC for the second series of incubations. Mean ± standard error (n = 4).
	Soil type
	Soil layer
	Depth
	‰
	%

	
	
	
	δ13Ctotal
	δ13Croot
	δ13Csoil
	froot
	σfroot
	Δfroot|
Δδ13Croot

	Mean
	-26.68
	-50.41
	-26.37
	1.37
	0.77
	0.06

	Min
	-28.22
	-50.99
	-27.36
	0.00
	0.51
	0.00

	1st quartile
	-27.4
	-50.66
	-26.96
	0.37
	0.52
	0.02

	Mediane
	-26.81
	-50.57
	-26.60
	1.10
	0.73
	0.05

	3st quartile
	-25.77
	-50.42
	-25.80
	1.91
	0.93
	0.08

	Max
	-25.06
	-49.23
	-25.03
	4.98
	1.17
	0.22

	Cambisol
	Topsoil
	0-20 cm
	-27.08 ± 0.02
	-50.99 ± 0.07
	-26.66 ± 0.06
	1.75 ± 0.09
	0.56 ± 0.00
	0.07 ± 0.00

	
	
	20-40 cm
	-26.88 ± 0.04
	
	
	0.93 ± 0.16
	0.56 ± 0.00
	0.04 ± 0.01

	
	
	40-60 cm
	-26.73 ± 0.06
	
	
	0.31 ± 0.27
	0.56 ± 0.00
	0.01 ± 0.01

	
	Subsoil
	0-20 cm
	-26.09 ± 0.07
	-50.66 ± 0.14
	-25.55 ± 0.02
	2.17 ± 0.29
	0.51 ± 0.01
	0.09 ± 0.01

	
	
	20-40 cm
	-25.66 ± 0.01
	
	
	0.46 ± 0.06
	0.51 ± 0.00
	0.02 ± 0.00

	
	
	40-60 cm
	-25.58 ± 0.03
	
	
	0.11 ± 0.13
	0.52 ± 0.00
	0.00 ± 0.01

	Vertisol
	Topsoil
	0-20 cm
	-27.97 ± 0.06
	-50.42 ± 0.40
	-27.36 ± 0.14
	2.67 ± 0.32
	0.92 ± 0.01
	0.12 ± 0.02

	
	
	20-40 cm
	-27.66 ± 0.14
	
	
	1.27 ± 0.62
	0.93 ± 0.02
	0.05 ± 0.03

	
	
	40-60 cm
	-27.44 ± 0.21
	
	
	0.35 ± 0.89
	0.94 ± 0.02
	0.02 ± 0.04

	
	Subsoil
	0-20 cm
	-28.22 ± 0.11
	-50.61 ± 0.13
	-27.06 ± 0.19
	4.98 ± 0.51
	0.90 ± 0.01
	0.22 ± 0.02

	
	
	20-40 cm
	-27.84 ± 0.07
	
	
	3.34 ± 0.31
	0.91 ± 0.01
	0.14 ± 0.01

	
	
	40-60 cm
	-27.40 ± 0.16
	
	
	1.49 ± 0.70
	0.92 ± 0.01
	0.06 ± 0.03

	Andosol
	Topsoil
	0-20 cm
	-26.89 ± 0.01
	-50.53 ± 0.20
	-26.54 ± 0.01
	1.54 ± 0.05
	0.51 ± 0.00
	0.07 ± 0.00

	
	
	20-40 cm
	-26.72 ± 0.10
	
	
	0.80 ± 0.45
	0.51 ± 0.00
	0.04 ± 0.02

	
	
	40-60 cm
	-26.54 ± 0.01
	
	
	0.00 ± 0.6
	0.51 ± 0.00
	0.00 ± 0.00

	
	Subsoil
	0-20 cm
	-25.38 ± 0.17
	-49.23 ± 0.27
	-25.03 ± 0.20
	1.97 ± 0.60
	1.16 ± 0.01
	0.09 ± 0.03

	
	
	20-40 cm
	-25.04 ± 0.03
	
	
	0.08 ± 0.15
	1.17 ± 0.01
	0.09 ± 0.01

	
	
	40-60 cm
	-25.12 ± 0.05
	
	
	0.41 ± 0.20
	1.17 ± 0.01
	0.02 ± 0.01


froot is the proportion of root-derived SOC in the soil core; σfroot is the standard error of froot related to sampling and analytical errors; Δfroot|Δδ13Croot is the variation in fsoil to a 1 ‰ variation in δ13Croot.
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