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Supplementary methods

Soil biogeochemical properties
Radiocarbon (**C) measurements and SOC turnover time estimation

Once in the *C laboratory, soil samples were crushed under 200 um 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 pg of SOC for subsoils. For topsoil samples,
CO2 evolved from SOC was graphitized using an automated AGE 3 graphitization device!, and
14C measurement was performed on ECHoMICADAS?* through the solid source. For each
subsoil samples, two 1“C measurements were performed on ECHoMICADAS through the gaz
source connected by a Gas lon Source (GIS)® to an elementar analyser (EA) evolving SOC to
CO,. The *C signature of root biomass were performed as decribed above for topsoil samples.
Barium carbonate from soil respired CO, was transformed into CO> in a semi-automated
carbonate line®. Evolved CO2 was sealed under vacuum in pyrex microtube and introduced into
the ECHoMICADAS gas source through the cracking-GIS interface®. All 24C results have been
corrected for mass-dependent isotopic fractionation using AMS-derived **C measurements, and
were expressed as deviations from the absolute (decay-corrected) Oxalic Acid | (OX1) standard
(AYC, in %0)"®. The average measurement precision of the A*C values was 2.4 %o.

We estimated SOC turnover time based on radiocarbon measurements using a modelling
approach. The following time-dependent, homogeneous one-pool model”® was used:

(Fog X SOC), = (I X Fgnd),__+ (Foeé x SOC),__ (1 —1- ,1) (1)
given Fl%c = (%) +1
1000

where at time t, F**Csoc is the 1*C content of SOC, SOC is the SOC stock, | is the rate of C input
from the atmosphere to SOC, F*C.nm is the 1C content of CO; in the local atmosphere, Tr is
the mean C transit time through living plant material, T is the mean SOC turnover time and A is
the radioactive decay constant for #C (1.21 x 10~* year ). Assuming Tr = 1 year and SOC
stocks to be at steady-state so that Ci = Ci1 =1 x 1, the equation (1) reduces to:

%104& = %Faltiri,t—l + %104&_1 (1 - % - A) )
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 AC at the year of sampling for a
range of t values (1 to 30,000 years)™®. We used A*C atmospheric values from Reimer et al.,
(2020)** for the period 0-50 000 years BP, from Hua et al., (2013)*? for the period 19502010,
and we calculated extrapolated values using an exponential smoothing state—space modeling
approach for the period 2010-2016%. We then derived t values from our A*C measurements
for each sample based on the relationship between t and predicted A*C (Supplementary Fig.
6).

Thermal analyses

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 analysis'® to measure the activation energy (Ea) of thermal SOC
decomposition. Briefly, ca. 60 mg of ground (<250 um) 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*. 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* 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 CO> 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 CO, (CO2-pyrolysis thermogram) measured at each second
during the pyrolysis phase, and to the CO (CO-oxidation thermogram) and CO, (COz-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 (CO»-oxidation thermogram). These intervals
of integration prevented any interference by inorganic carbon from most soil carbonates“.
Before determination of the activation energy (E.) 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 phase®®.

Assuming first-order reaction kinetics during ramped combustion, we used a regularized,
inverse method to determine the continuous distribution of E, that best predicts the measured
SOC decay profile®. Thermograms of mass-equivalent C evolved during both pyrolysis and
oxidation were analysed separately using the ‘rampedpyrox’ Python package'’, resulting in
distinct Ea distributions for each ramping phase. For both the thermograms and E. 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 (UEa) and standard deviation (cEa) of activation energy (kJ
mol* SOM)*®. The E, represents the energy input required for SOC combustion and was used
here as a proxy for the energetic barriers to microbial SOC decomposition, that is the energy
input needed from microbes producing exoenzymes to access and metabolize it!8, We
acknowledge that these computed E. values of thermal SOC decomposition are expected to be
much higher than for naturally occurring SOC biodegradation catalysed by microbial
exoenzymes'®. However, many studies combining radiocarbon and thermal analyses have
found Ea of SOC combustion to be strongly related to SOC biogeochemical stability, with
increasing E, for SOC having increasing SOC radiocarbon ages?®-22, We thus assumed here that
the Ea of SOC combustion remains a good proxy of the energy investment in exoenzymes
production needed for microbial decomposers to acquire this SOC. Though the pyrolysis phase
may have overestimated our E. values due to charring effects?®, it has been found that these
charring reactions do not affect the determination and interpretations of relative thermal
stability of SOC?*. Previous studies further showed that ramped pyrolysis and oxidation yielded
similar E, results?%2?,

Two standard Rock-Eval® 6 parameters describing SOM bulk chemistry in term of
hydrogen and oxygen composition were determined*#, 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 Ol was calculated using the following equation®:

Ol = 22 X Olgo + == X Olgoy ®)

where Olcoz2 and Olco correspond respectively to the CO, and CO vyielded during thermal
pyrolysis of the sample between respectively 200 and 400 °C (Olco2) and 200 and 550 °C
(Olco) divided by the total SOC of the sample. The HI and Ol indices are well correlated
respectively with elemental H:C and O:C ratios?®. The analysis of biologically relevant
standards showed, for example, that lipids have high HI values whereas polyphenols and
carbohydrates have higher Ol values?’. A preliminary 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 x 8.20 x 10, r? =
0.53) and OI (O:C = 0.35 + Ol x 1.27 x 103, r? = 0.46). 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™t SOM) using the following equation:

Msoc=Mc+Z_z+%+x_z 4
where Mc, Mu, Mo and My are respectively the molar mass (g mol™?) of C, H, O and N.

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 SOM?%2°, Briefly, ca. 50 mg of ground (<250 um) samples were placed in 70 pL 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~" under a synthetic CO,-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 combusted?®. Energy density of SOM (AE, in kJ g* SOC,
Supplementary Table 8) 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 loss®’. To get both AE and pEa expressed
in the same unit, AE was converted in kJ mol™* SOM by multiplying it with the SOC molar mass
(g SOC mol? 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 Ol indices. However, this
allowed AE and pE, to be expressed in the same unit for the ROI calculation, and the estimated
SOC molar mass varied little between treatments (Supplementary Table 8).

Isotopic partitioning
Correction of plant-soil system respiration for background atmospheric CO>

During the sampling of CO> 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 8'C of CO; 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 CO- 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 5'3C 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 §3C of CO, derived from the plant-soil system respiration were
corrected for background atmospheric CO- using the following equations:

Reotar = COZchamber - Cozatmosphere ®)

_ (CozchamberX813CChambeT)_(COZatmosphereX613Cafm05phere)

813Ctotal - (6)

Rtotal




where Riotal and 8*Ciotar are the total amount and §'3C of CO; release by the plant-soil system
after correction; COg-chamber and 83Ccnamber are the total amount and §**C of CO, measured in
the chamber at the end of the incubation; and COz-atmosphere and *3Catmosphere are the total amount
and 5'3C of atmospheric CO, sampled at the beginning of the incubation.

Plant-derived and soil-derived CO; fluxes

In the first series of incubations, we observed that the CO> derived from the respiration of
the unplanted microcosms was systematically depleted in 3C relative to the §*3C of SOC for
most treatments (Supplementary Table 11), with an average differences in 8*3C of -4.2 %o,
whereas CO- derived from SOC respiration usually tend to be slightly $3C enriched relative to
SOC3. We concomitantly observed algae development on the soil surface of unplanted
microcosms. Furthermore, Cros, et al. (2019)32 observed the fixation of a small quantity of CO;
in unplanted soil linked to the development of algae during daytime. They also observed a
depleted 8*3C signature of unplanted soil respiration during 24 h dark incubations, which was
of the same order of magnitude relative to their 5:°C of SOC (~ -3 to -4 %o). 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 5'°C of the
unplanted soil respiration. Following the procedure used in a previous study®3, we thus decided
to apply the same isotopic partitioning on Riotal O unplanted microcosms to correct for algae
respiration, thus yielding more accurate estimation of Rsii for the unplanted controls. The §*3C
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 83Csil for both planted and unplanted soil in the first series of incubations.

Cros et al. (personal communication) also tested the possibility this depleted §*C 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 §*3C of the CO; released
during the incubation. In both cases, they found very similar §'3C, indicating that the
contribution of labelled CO- back-diffusion to the depleted §**C signature of unplanted soil
respiration was negligible. This is consistent with a recent study that also found very weak back-
diffusion of labelled CO, during incubation3.

Uncertainty in 'C source partitioning related to sampling and analytical errors was
calculated following Phillips & Gregg (2001)® with the following equation:

_ 1 2 2 2 — )262 ]
O soi \/(Ssoil_gplant)z [Gstotal +f50110550zz + (1= fson) 8 piant 10)

. 5 -3 62 o2 )
given fyo; = =2l _Plant ang G% _ %5x Oanalytical
8soil_'dplant x ) .

where oisil is the standard error of the mean soil source proportion, that is fsil; S¢otars Ssoirs

Splant are respectively the mean 513C of the mixture and of soil and plant sources; 08,0ra1’ OBsoil
and 05, ane AT respectively the standard error of mean §*3C of the mixture and of soil and plant

sources; o, is the population standard deviation in 513C among individual samples of source
X; Oanatytical 1S the 513C analytical standard deviation; and ny is the population size of source
X. The 6 gnaiyticar Values are respectively 0.10 and 0.12 %o 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 o5 values for these two
sources were assumed to be zero. We found that osoil values were on average 1.1 and 1.2 %
respectively for the first and second series of incubations (Supplementary Tables 11 and 12),
indicating low level of uncertainty associated with sampling and analytical errors®.

Ny Ny



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 §*C of the mesocosm
shoot and living root biomass as 8*3Cpiant, assuming negligible fractionation during whole-plant
respiration®®. We also used the mean §'3C of plant biomass across all treatments as 8**Cpjant for
unplanted soil, assuming similar §*3C fractionation during C3 photosynthesis for algae than for
D. glomerata®’. Finally, we used the §'3C values of unplanted control respiration measured at
the end of experiment in the second series of incubations as 8*Csoil for both planted and
unplanted soil in the first series of incubations, assuming constant §'3C fractionation of soil-
derived respiration across time. For the second series of incubations, we used 8**Cpiant Values
taken as the living root biomass 5!3C values corrected by the §!3C fractionation factor (f) of root
respiration, assuming a constant f value of -0.61 %0>%. We also used the A*C of root biomass
as A¥Cpiant, assuming no fractionation of *4C 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 fsii and A*Csil related to
a 1 %o variation in 8*3Csoil and §*3Cplant, and a 2 %o variation in A¥Cpiant. Given that the deviation
can be positive or negative, we tested a deviation of +0.5 or +1 and —0.5 or —1 %o respectively
corresponding to an amplitude of 1 or 2 %o.. The error was then expressed as the difference in
fsoit and AXCsoit between +0.5 or +1 and —0.5 or —1 %o source values. We found that the average
errors in fil related to a 1 %o variation in 8**Cpiant Was respectively 2.0 and 1.9 % for the first
and second series of incubations, while the average error related to a 1 %o variation in 8**Csil
was 1.5 % for the first series of incubations (Supplementary Tables 11 and 12). We also found
that the average errors in the absolute values of RPE related to a 1 %o variation in §*Cplant Was
respectively 19.3 and 12.2 % for the first and second series of incubations, while the average
error related to a 1 %o variation in §*Csoii was 0.2 % for the first series of incubations
(Supplementary Tables 11 and 12). The average errors in A**Csil related to a 1 %o variation in
813Cplant and a 2 %o variation A*Cpiant were respectively 19.4 and 2.8 %o (Supplementary Table
13). These low levels of uncertainty provide evidence that our isotopic partitioning was robust.

For the first and second series of incubations, the average §*°C difference between plant and
soil sources were respectively 24.9 and 24.8 %o (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 *C-labeling method®®, as well as the traditional continuous ‘C-labeling method
based on adding fossil fuel-derived CO; in a flow of ambient air®®. This strong labeling allows
to improve the accuracy of isotopic partitioning3!32%,

Living root biomass

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 8°C difference between shoot and root
biomass (AS**Cshoot-root) in topsoil and subsoil, we calculated the 83C of living root biomass as
the microcosm shoot 53C minus the A8**Cshoot-root OF SUbs0il (Supplementary Table 10). Further
assuming equal 5!3C for pre-existing (dead) root litter and SOC, we used the following equation
based on a two-source isotopic mixing model.
513Ctotal_ 513Cdead
813Ciiving— 613Cdead (11)
where RoOtta and 8*3Crotal are respectively the biomass and 5'°C of both dead and living roots;
ROOtiving and 8**Ciiving are respectively the biomass and §**C of both living roots; and §*3Cead
is the 5'3C of dead roots.

The standard errors in *C source partitioning related to sampling and analytical errors was
on average 0.6 %, indicating low uncertainty level (Supplementary Table 10). A similar

ROOtliving = Rootipar X



sensitivity analysis performed as described above showed that the average errors in *C source
partitioning related to a 1 %o variation in §*Ciing Was 3.7 %, while the average error related to
a 1 %o variation in 8*3*Cgead Was 0.6 % (Supplementary Table 10). These low levels of uncertainty
provide evidence that our isotopic partitioning was here also robust.

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 quantify*®. 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.

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:
83 Csoc-finai—8"3Csoc—initial (12)

Net rhizodeposition = SOC X
p total 813Cro0t=8'3Csoc-initial

where SOCiotal and 83Csoc-final are respectively the SOC content and §'3C of the planted soil
core at the end of the experiment, $*3Csoc-initial is the average §**C of SOC from soil cores
sampled in the field at the beginning of the experiment, and §**Cpian is the §*3C 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 3C fractionation of root-derived OC during microbial
utilization. The average errors in 3C source partitioning related to a 1 %o variation in 8**Croot
was only 0.06 %, indicating low levels of uncertainty related to this assumption (Supplementary
Table 14). However, the standard error in 3C 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 14). 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 intensity334:43,

Statistical analyses

We used a rotated principal component analysis to explore soil properties covariance and
divergence divergence between treatments (Fig. 1a). The rotated principal component analysis
(RCA) was performed using the ‘principal’ function of the ‘Psych’ package**. 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. 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).

Partial n? of depth effect on SOC properties is calculated as the sum of squares for the depth
effect divided by the total sum of squares (after accounting for the variance associated with soil
type effect). It was computed using the ‘eta_squared’ function of the ‘effectsize’ package® on
a linear mixed-effect model fitted using the ‘Imer’ function of the ‘Ime4’ package*® and
including ‘soil layer’ as a fixed factor and ‘soil type’ as a random factor.

For each series of incubations, the responses of ksoc, RPE and ACsil 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 + ¢X?) and power (Y = aXP) 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™ day™ 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™ for ‘living root density’, 20.48 mg C-CO2 dm"
3 day* for ‘respiration of plant-derived OC’ and 0.79 g SOCroot dm™ 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 ‘Imer’ function of the ‘Ime4’
package®®. Statistical significance of fixed predictors were assessed based on Satterthwaite’s
approximation of denominator degrees of freedom using the ‘anova’ function of the ‘ImerTest’
package*’. Marginal and conditional r*> were computed based on Nakagawa and Schielzeth®
using the ‘r.squaredGLMM’ function of the ‘MuMIn’ package*°.

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 centered 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 (ROI) and root density were first examined
using ordinary least squares linear regression models (Fig. 2). The slope coefficients of the
regression models were standardized by range. To do so, the unstandardized slope coefficient
was multiped by the range (the difference between the maximum and minimum values) of the
predictor and divided by the range of the dependant variable). It was computed using the ‘coefs’
function of the ‘piecewiseSEM’ package® Partial correlations between SOC dynamics
variables, including **C-based SOC turnover time as well as unplanted ksoc and standardized
RPE of each incubation series, and SOM properties were then also performed by computing
Spearman’s correlation coefficients (Supplementary Fig. 3). It was computed using the ‘rcorr’
function of the ‘Hmisc’ package®! with depth-centered variables. Additionally, we performed
an ordination of the same SOC dynamics variables constrained by soil biogeochemical
predictors (same set of variables used in the RCA) using a redundancy analysis (Supplementary
Fig. 4). The redundancy analysis (RDA) was performed using the ‘rda’ function of the ‘vegan’
package®? with raw variables. The significance of the overall constrained ordination and of the
two first axes were tested by permutation tests®®, using the ‘anova’ function of the ‘vegan’
package®? (1,000 permutations).

All analyses were performed using R v3.4.3%4. Null hypothesis testing was always based on
two-sided statistical tests. 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. 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, €) and transferred
into a bottom-capped polyvinyl chloride (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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Supplementary Fig. 3. Heatmap of partial correlations between variation in soil organic carbon (SOC) dynamics parameters and soil organic
matter (SOM) properties across depth (n = 24 soil cores/microcosms). 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 biogeochemical characterization of soil are
used here to reflect in situ root density. See Supplementary Fig. 1 for abbreviations. *** P <0.001; ** P <0.01; *, P <0.05; f, P <0.10. P values
are derived from a two-sided Spearman’s correlation test.
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Supplementary Fig. 4. Soil biogeochemical drivers of soil organic carbon (SOC) dynamics. a,
redundancy analysis of SOC dynamics variables (dark arrows) constrained by soil organic
matter (SOM) properties (orange arrows) and soil geochemical properties (purple arrows, n =
24 soil cores/microcosms). We found that SOC dynamics properties was strongly related to soil
biogeochemical properties (Fi7,6 = 25.8, P < 0.001). The first axis of the redundancy analysis
(RDAL) explained a large portion of variation (82.0 %, F1,19 = 1154.6, P < 0.001), whereas the
second axis explained only 11.6 % (F1,10 = 163.7, P = 0.042). F and P values are derived from
a two-sided ANOVA-like permutation test. The coordinate means of each treatment are plotted
and error bars represent + standard errors (n = 4 replicate soil cores). 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 biogeochemical characterization of soil are used
here to reflect in situ root density. ksoc, native SOC decomposition rate; RPE, rhizosphere
priming effect; [SOC], soil organic carbon content; fPOM, fraction of particulate organic
matter; AE, energy density of SOC; HEa and oEas, mean and standard deviation of activation
energy of decomposition; ROI, return-on-energy-investment; ysoc, degree of reduction of soil
organic carbon; ex, d, o, and p, exchangeable, dithionite, oxalate, and pyrophosphate extracts,
respectively. b, variance partitioning of axis values across experimental factors.
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Supplementary Fig. 7. X-ray diffractograms (Co-Ka 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.
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Supplementary Tables

Supplementary Table 1. Soil properties among soil types and layers. Mean + standard error

(n = 4 replicate soil cores).

Cambisol Vertisol Andosol

Topsoil Subsoil Topsoil Subsoil Topsoil Subsoil
Depth (cm) 525cm  40-60cm 525cm  55-75cm  5-25cm  35-55cm
Soil organic matter
SOC concentration (g C kgt soil) 368+16 26.1+04 1275+7.4 198+02 923+46 582+76
fPOM (% SOC) 6.4+0.5 19+01 101+04 2605 84+14 35103
fMAOM (% SOC) 936+05 981+01 899+04 974+05 916x14 96503
S13C (%o0) -26.6+00 -255+0.0 -274+01 -271+01 -265+00 -250%0.2
AMC (%) +106+7.2 -182.3+6.9 -2341+13 -6502+09 -40+110 -295.0%36
SOC turnover time (years) 278+29  1,933+88 2,665+192 16,987+67 346+46 3,780+ 705
Energy density (kJ mol SOM)  158.6 +3.1 111.9+4.1 190.9+57 127.7+7.0 1757+3.0 140.6+5.0
Ysoc 286005 2.10+0.07 3.23+x0.09 2.13+0.12 3.08+0.05 2.54+0.07
HI (g Hny-kg'1 SOC) 163.5+6.1 109+20 2981+80 753+19 2258+51 159.3+5.1
Ol (g Oz-kg'1 SOC) 219.1+45 2889+28 1424+14 140122 178.7+09 237.6+13
MEa (kJ mol* SOM) 157.8+0.1 1584+0.0 161.3+0.3 1659+05 1595+0.2 161.5%0.2
oEa (kJ mol™! 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
Too-HxCy-pyrolysis (°C) 521.0+1.7 532.8+0.8 5229+0.8 5323+16 520.1+1.0 533.3x24
Ts0-CO2-pyrolysis (°C) 383.9+0.7 386.3+0.3 3904+0.8 4063+11 3874+10 3905+13
Ts0-CO2-oxidation (°C) 413.0+£04 419.3+05 428.1+21 460.0+4.0 4264+0.2 4343+13
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
Chicrobial (@ C kg'l 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
Chmicrobial per SOC (g C kgt SOC) 18.2+09 82+05 156+07 17.1+12 11.7+07 7408
Root density (g dm'3) 154+030 0.19+0.07 6.71+£0.85 0.16+0.05 1.37%+0.73 0.07+0.01
Soil geochemistry
Clay (%) 248+08 326+03 614+40 605+33 106+10 3.8=x0.2
Phyllosilicate composition K,V K,V H H, S K,V K,V
Caex+Mgex (cmol* kg™ soil) 123+04 17.1+02 287+05 411+16 34+07 15+03
Feg-o (g kg™ soil) 81+02 131+04 16+02 36+01 138+04 132+05
Feo (g kg soil) 17.7+03 215+02 193+09 69+02 158+04 17.1+0.3
Alo+Si, (g kgt soil) 95+04 106+01 114+11 40+01 354+07 465+23
Alp-xSip (g kg soil) 12+00 09+00 -30+14 -11+01 107+02 94+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; ysoc, degree of
reduction of SOC; MEa and oEa, mean and standard deviation of activation energy of
decomposition; Teo-HxCy-pyrolysis, temperature at which 90 % of HxCy was evolved during
pyrolysis; Tso-CO2-pyrolysis and Tso-CO»-oxidation, temperatures at which 50 % of CO, 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.



Supplementary Table 2. Statistical results of analyses of variance for soil properties and

incubations (n = 24 soil cores/microcosms).

Soil layer Soil type Interaction
0, 0 0
Of/o 2 F11s P /orzo f F218 P /Orzo f F218 P

SOC content 455 171.8 <0.001***  27.7 54.8 <0.001*** 515 56.8 <0.001***
;E/&I\QM 85.5 110.6 <0.001*** 9.7 6.3  0.008** 48 3.1 0.0687

d13C 35.2 88.9 <0.001*** 554 70.0 <0.001*** 9.4 11.8 <0.001***
A¥C 46.3 473.1 <0.001***  49.5 253.0 <0.001*** 43 219 <0.001***
SOC turnover time 31.2 684.8 <0.001*** 454 500.2 <0.001*** 234 257.1 <0.001***
Energy density (AE) 79.0 147.3 <0.001***  16.5 154 <0.001*** 45 42 0.032*

Ysoc 83.4 149.8 <0.001*** 9.7 87  0.002** 69 6.2  0.008**
HI 60.9 733.2 <0.001***  11.8 71.2 <0.001***  27.3 164.1 <0.001***
Ol 156 70.9 <0.001*** 755 171.2 <0.001*** 89 20.1 <0.001***
UEa 20.2 122.6 <0.001***  70.0 212.0 <0.001*** 9.7 29.4 <0.001***
oEa 21.9 733 <0.001*** 550 92.3 <0.001***  23.1 38.7 <0.001***
Ts0-CO2-pyrolysis  23.8 91.3 <0.001***  58.1 111.3 <0.001***  18.0 34.5 <0.001***
Ts0-COz-oxidation  26.3 92.9 <0.001*** 583 102.8 <0.001*** 154 27.1 <0.001***
Too-HxCy-pyrolysis  97.8 88.2 <0.001*** 04 0.2 0.827™ 144 0.8 0.460™

ROI 83.3 1545 <0.001***  11.8 11.0 <0.001*** 48 45 <0.001***
Chicrobial 58.1 303.8 <0.001***  23.6 61.8 <0.001***  18.2 47.6 <0.001***
Chicrobial:SOC 254 39.8 <0.001***  43.6 34.2 <0.001*** 310 24.3 <0.001***
Root density 43.3 62.7 <0.001*** 287 20.8 <0.001***  28.0 20.3 <0.001***
Clay 0.0 0.0 0.993"™ 98.2 302.2 <0.001*** 1.8 55 0.013*

Caex+Mgex 25 459 <0.001***  93.1 863.5 <0.001*** 45 414 <0.001***
Fed-o 48 625 <0.001***  89.7 584.4 <0.001*** 55 36.1 <0.001***
Feo 7.1 422 <0.001*** 334 99.2 <0.001***  59.4 176.4 <0.001***
Alo+Sio 03 32 0.0917 93.9 575.4 <0.001*** 59 359 <0.001***
Alp-xSip 00 0.1 0.820™ 98.3 229.0 <0.001*** 1.7 3.9 0.040*

Ksoc unplanted - timef  54.5 171.0 <0.001***  31.2 48.9 <0.001*** 143 312 <0.001***
RPE - time} 63.9 752.9 <0.001***  22.2 130.7 <0.001*** 139 81.8 <0.001***
Ksoc unplanted - depth¥ 57.4 113.7 <0.001*** 243 243 <0.001***  18.0 17.8 <0.001***
RPE - depth¥ 85.1 354.5 <0.001*** 7.6 15.8 <0.001*** 7.3 151 <0.001***

SOC, soil organic carbon; fPOM, fraction of particulate organic matter; fMAOM, fraction of
mineral-associated organic matter; HI, hydrogen index; OI, oxygen index; ysoc, degree of
reduction of SOC; pEa and oEa, mean and standard deviation of activation energy of
decomposition; Teo-HxCy-pyrolysis, temperature at which 90 % of HxCy was evolved during
pyrolysis; Tso-CO2-pyrolysis and Tso-CO»-oxidation, temperatures at which 50 % of CO, was
evolved during pyrolysis and oxidation, respectively; ex, d, o, and p, exchangeable, dithionite,
oxalate, and pyrophosphate extracts, respectively; Ksoc unplanted, Native SOC decomposition rate
of unplanted soil; RPE, rhizosphere priming effect. {, first series of incubations related to
variation across time; ¥, second series of incubations related to variation across depth in the
microcosms. F and P values are derived from a two-sided F-test.
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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).

ksoc RPE
0, 0
Factors . f/or2 . P . f/or L F P

Plant-derived respiration (Rpant) 51.5 578.3 <0.001***  56.6 293.8 <0.001***
Soil layer (Layer) 26.2 294.7 <0.001*** 03 15  0.216"
Soil type (Soil) 10.6 59.3 <0.001*** 0.1 02  0.845™
Rplant:Layer 10.3 116.2 <0.001*** 241 125.1 <0.001***
Rptant:Soil 0.7 3.8 0.025* 8.4 21.7 <0.001***
Layer:Soil 00 03 0.779™ 1.0 25 0.0877
Rplant:Layer:Soil 06 35 0.034* 9.6 25.0 <0.001***
Marginal r? 0.84 0.80
Conditional r? 0.87 0.81

Plog-transformed. ksoc, native SOC decomposition rate; RPE, rhizosphere priming effect.

F and P values are derived from a two-sided F-test.
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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).

ksoc” RPE
0, 0,
Factors ) f/or2 = P . f/or , 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*** 7.9 185 <0.001***
Soil type (Soil) 105 14.4 <0.001*** 40 4.7  0.014*
Root:Layer 15 42  0.044* 15.6 36.7 <0.001***
Root:Soil 6.8 9.3 <0.001*** 82 9.7 <0.001***
Layer:Soil 3.0 45 0.022* 1.3 15 0.234™
Root:Layer:Soil 1.8 24  0.094 21 25  0.096
Marginal r2 0.64 0.84
Conditional r? 0.88 0.87
Root-derived respiration (Rroot) 43.1 141.2 <0.001***  49.7 48.7 <0.001***
Soil layer (Layer) 17.0 555 <0.001*** 52 51 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*** 144 141 <0.001***
Rroot:Soil 11.3 185 <0.001*** 178 8.7 <0.001***
Layer:Soil 29 48 0.014* 26 13  0.287™
Rroot: Layer:Soil 47 7.6 <0.001*** 23 11 0.337"
Marginal r? 0.73 0.78
Conditional r? 0.85 0.78
Net rhizodeposition (NetRhiz) 50.4 175.0 <0.001*** 514 34.1 <0.001***
Soil layer (Layer) 104 36.0 <0.001*** 105 7.0 0.011*
Soil type (Soil) 72 125 <0.001*** 0.2 0.1  0.234™
NetRhiz:Layer 8.8 30.5 <0.001*** 246 16.3 <0.001***
NetRhiz:Soil 17.1 29.6 <0.001*** 10.7 35  0.036*
Layer:Soil 57 9.8 <0.001*** 03 0.1 0.234™
NetRhiz:Layer:Soil 06 10 0.386™ 23 08  0.234™
Marginal r? 0.72 0.65
Conditional r? 0.74 0.65

P log-transformed for the predictors *Living root density’ and *Root-derived respiration’.
ksoc, native SOC decomposition rate; RPE, rhizosphere priming effect. F and P values
are derived from a two-sided F-test.
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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 A¥Csoil Mean age of respired SOC
%ofr? F P %ofr? F P
Living root density (Root) 95.6 619 <0.001*** 93.7 721 <0.001***
Soil type (Soil) 43 56  0.034* 41 62  0.027*
Root:Soil 0.1 0.0 0.972" 2.2 1.7 0.220™
Marginal r? 0.85 0.81
Conditional r? 0.90 0.94

AMCsil is the AXC of respired soil organic carbon (SOC). F and P values are derived from a
two-sided F-test.

Supplementary Table 6. Information about root C amount relative to soil organic carbon
(SOC). Mean = standard error (n = 4 replicate microcosms).

Cambisol Vertisol Andosol

Topsoil ~ Subsoil ~ Topsoil ~ Subsoil ~ Topsoil  Subsoil

Pre-existing root C content (g C kg*
soil)

Proportion of pre-existing root C in
SOC at the beginning of the 226+038 040+0.15 443+042 044+015 119+0.60 0.15+0.04
experiment (%)

Proportion of pre-existing root C lost

by decomposition by the end of the 87.3+£3.3 91.0+2.8 92.2+49

experiment (%)

0.84+0.13 0.11+0.04 6.01£0.91 0.09%£0.03 1.20+0.00 0.08+0.02

Proportion of pre-existing root C in

: 0.29 +0.08 0.42 +0.13 0.10 + 0.06
SOC at the end of the experiment (%) * § *
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Supplementary Table 7. Site characteristics for each soil type.

Cambisol Vertisol Andosol
Location Theix Saln}\lJae;n de 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 trachyandesite
Soil depth (m) 1 2.5 0.8
Soil texture Loam Clay Silt

Supplementary Table 8. Additional soil properties. Mean + standard error (n = 4 replicate soil

cores).
Cambisol Vertisol Andosol

Topsoil ~ Subsoil ~ Topsoil ~ Subsoil ~ Topsoil  Subsoil
SOC molar mass (g SOC molt SOM) 6.11+0.02 586+0.01 6.51+0.01 659+0.01 6.28+0.00 6.09+0.06
Energy density (kJ g SOC) 259+04 19.1+07 293+08 194+11 28.0+05 23.1%07
SOM C:N ratio (g C-g* N) 92+01 93+01 134+03 139+05 99+01 10.7+03
pH 58+0.1 69+00 5901 6400 53+01 6101
CEC (cmol+ kg soil) 134+04 188+03 31405 451+17 60+04  42+02

Soil bulk density (kg dm™)

0.81+0.03 0.81+003 051+0.01 0.84+0.03 054+0.02 0.44+0.06

SOC, soil organic carbon; SOM, soil organic matter; CEC, cation exchange capacity.

Supplementary Table 9. Information about soil N fertilization for planted treatments. Mean +
standard error (n = 4 replicate microcosms).

Cambisol Vertisol Andosol
Topsoil ~ Subsoil ~ Topsoil ~ Subsoil ~ Topsoil  Subsoil
Initial soil mineral N content (mg kg™®) 209+1.9 3803 31.0+19 07%02 494%91 6406
Initial soil mineral N stock (g m) 13.0+17 23+03 119+06 04+02 199+30 22%05
Mineral N added (g m?) 115 115 23.0
Final soil mineral N stock (g m) 130+1.7 13.8+03 11.9+06 119+02 199+30 252%05
Living plant N content (mg kg?) 6.0+04 54+03 67+03 5005 67+03 74+08

P Post-fertilization.
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Supplementary Table 10. Plant biomass and &*3C at the end of the experiment and uncertainty
in 13C isotopic partitioning of root biomass. Mean + standard error (n = 4 replicate microcosms).

Cambisol Vertisol Andosol

Surface Deep Surface Deep Surface Deep
Shoot §3C (%o) 51154007 -50.90+0.19  -50.52+041 -50.73+0.12 5125021 -49.82+0.32
Dead and living root 85C (%0) 7332098 ia3r00s I ghasioge BBEDM gsiow
Living root 5'3C (%o) -50.58 + 0.07 -50.15 + 0.41 -49.37 +0.21
fiiving (%) 86.4+3.8 742+53 95.3+3.0
Gliving (%0) 0.6 +0.0 0.6 £0.0 0.6 £0.0
Afiiving| AS**Cliving (%) 36+0.2 33+0.3 42+0.2
Afiiving| AS**Caead (%) 0.6+0.2 11402 02+0.1
Dead and living root biomass (g m?)  872+34 1376+91  1347+194 681+160  1409+135 808+78
Living root biomass (g m2) 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 1713+86
Living plant biomass (g m) 2,645+203 3,388+97  3,712+196 2,414+316  3,485+227 2,521+ 158
Living plant §*3C (%o) -50.99+0.07 -50.66 +0.14  -50.42+0.40 -50.61+0.13  -50.53+0.20 -49.23+0.27

fiiving IS the proportion of living roots in the living and dead root mixture; oriving IS the standard
error of fiving related to sampling and analytical errors; Afiiving|A**Ciiving and Afiiving| AS**Cead

are the variations in fiiving to a 1 %o variation in 8**Ciiving and 8'*Cgeaq, respectively.
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Supplementary Table 11. Uncertainty in *C isotopic partitioning of CO; fluxes for the first
series of incubations. Mean + standard error (n = 4 replicate microcosms).

0,
Soil Plant Days %00 %
Soil type after  Season
P layer  presence lantin 85Cioa 8%Cait  8°Cpiant Tsoil Gsoil Afssonl Algsonl AFngPEl AEPEl
p 9 P Ad Csoil Ad CD'&"‘ Ad Csoil Ad CDIant
Mean -37.6 -25.5 -53.8 57.3 1.1 2.0 15 0.2 19.3
Min -48.7 -26.6 -54.4 18.3 0.4 0.6 0.2 0.0 25
1st quartile -44.6 -26.0 -54.1 32.3 0.6 11 0.7 0.1 6.0
Mediane -37.6 -25.8 -54.0 56.5 0.7 2.0 15 0.1 11.4
3st quartile -30.3 -24.8 -53.8 81.9 15 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
76 Fall  405%05 #6517 L0£00 1601 1801 0100  26%03
139 Winter  -43.0 + 1.4 384+46 08+01 13+02 21+02 0100 4512
Planted 174 Spring  -45.1+0.3 sa4s0q O3L2%07 07200 10:00 2300 01%00 7505
ante 201 spring  -45.5+0.3 ©44£01 300+12 07£00 1000 23+00 01+00 122414
242 Summer -46.4+0.8 26827 07+00 09+01 25+01 01+00 161+10
Topsoil 272 Summer -442%05 .. oo 34318 0.8+00 1101 2201 _ 01+00  11.9+09
opsoi 83 Fall  -324%04 020, 731+13 14£00 2500  09%00
146 Winter  -332+11 706+36 14+01 2401  10+01
181 Spring  -30.2+0.4 808+14 16+00 2800 0.7:00
Unplanted 209 Spring  -30.2+0.7 538+01  g)9424 16+00 28401  07+01
230 spring  -29.1+0.4 84515 16+00 29+01  05+01
Cambisol 251 Spring  -29.0+0.2 848+07 1700 2900 _ 05:00
ambiso 83 Fall 435209 38:31 07:00 12£01 2201 0000 4310
146 Winter  -44.5+30 32698 07+01 1103 2303 0100 109+37
181 Spring  -45.7 0.5 ] 283+16 0.6+00 10+01 2401 0100 215%16
Planted 209 Spring  -46.5+0.6 538201 58119 06+00 09401 25+01 01+00 327421
230 Spring  -48.7 £0.5 183+15 06+00 06+01 28%01 01%00 524%49
. 251 Spring _ -47.9 05 20721 0.6+£00 0701 2701 0100  464%27
Subsoil 83 Fall  353:l5 ~2A4*04 632£50 L1£01 2202 13202
146 Winter ~ -31.6+2.9 746+88 12+01 2603  09+03
181 Spring  -3L.3+1.0 768+34 12:00 2601  08+01
Unplanted 209 Spring  -33.4+0.8 538+01 697126 11+00 24401  10+01
230 spring  -27.4+0.3 89.8+11 1400 3100  03%00
251 Spring  -29.1+2.4 84081 1301 2903  05:03
83 Fall  -40.0%06 49816 0800 1801 1801 0100 2502
146 Winter  -41.5+16 446+54 07+01 1602 20£02 0100 43:11
181 Spring  -43.2+0.3 38210 07+00 14+00 22+00 0100 6303
Planted 209 Spring  -43.6+0.4 539204 369108 07:00 13+00 23+00 01400  84+02
230 spring  -44.4+0.7 34119 0600 1201 2401 0100 109+04
. 251 Spring  -43.4+0.7 377£26 07+00 1401 2201  01+00  8.6+0.
Topsoil 83 Fall  3loxoy ~200%03 814225 L1£00 2901  07£01
146 Winter ~ -29.6+2.2 847+55 11+01 3103  06+03
181 spring  -27.7£0.2 93111 1200 3400  02:00
Unplanted 209 Spring  -285+0.2 538+01 515105 12+00 33+00  03+00
230 Sspring  -27.8+0.2 93706 12+00 3400  0.2%00
Vertisol 251 Spring _ -27.6+0.6 94322 1200 3401  02+01
ertiso 83 Fall  422%13 42243 0901 1502 2102  00%£00  50%L0
146 Winter  -47.4+18 23663 07+01 0802 2702 0100 183%42
181 Spring  -48.3+0.2 ] 20406 0.6+00 07+00 2800 0100 323%12
Planted 209 Spring  -483+05 540201 505116 06+00 07401 28+01 01+00 388427
230 Spring  -48.7+0.7 190424 0600 07+01 29401 01+00 6l4%71
. 251 Spring  -465+06 270£20 0700 1001  26+01 0100  362+49
Subsoil 83 Fall  3ls:og ~2ol*04 802£27 15£00 2901  07%01
146 Winter  -31.9+15 790+52 14+01 2802  08+02
181 Spring  -27.8+0.7 938+27 17+00 3401  02+01
Unplanted 504 Spring  -30.3+13 538+01  gi8i4g8 15+01 31+02 05402
230 spring  -27.1+0.8 959+25 17+00 35+01  02+01
251 Spring  -30.7 +3.8 812+ 1502 3.0%04  08+04
83 Fall  427%05 41023 10£00 1501  22£01 0000 4909
146 Winter  -43.4%17 38561 10+01 1402 2202 0100 7.0+16
181 Spring  -45.4+0.3 ] 31314 0800 1100 2500 0100 107+10
Planted 209 Spring  -45.4+06 540202 315150 08+00 11401 25+01 01+00 181407
230 spring  -46.1+0.7 28720 0800 1101 26+01 01+00 187+16
. 251 Spring  -459+06 20424 0800 1101  26+01 0100 174%12
Topsoil 83 Fall  33i:01 ~206%05 762204 L7£00 2800 09200
146 Winter  -30.1%26 83261 19+01 3204  0.8+04
181 Spring  -29.4+0.2 805+08 20+00 3300  0.4:00
Unplanted 504 Spring 30402 538+01  g60i06 19+00 32+00 05400
230 spring  -28.1+0.1 94502 21+00 35+00  0.2%00
Andosol 251 Spring _ -28.2+0.5 941+17 2100 3501  02+01
83 Fall  -40.0%06 46920 11£00 17£01  20£01 0200  30%03
146 Winter ~ -405+ 1.9 451%68 1101 17+03 20+03 02+00  42+12
181 Spring  -42.8+1.3 36543 09+01 14+02 23+02 02+01  88+19
Planted 209 Spring  -43.8+17 527£03 398462 09+01 12:02 25:02 03+01 16548
230 Spring  -45.4+0.8 269+28 08+00 10+01 2701 0702 417+78
. 251 Spring  -46.4+0.2 23.0%15 07+00 08+00 29:00 11+02 85848
Subsoil 83 Fall  3aszog 2>0*05 674229 1401 2401 12201
146 Winter ~ -33.8+18 71162 15+01 25+02  10+02
181 Spring  -33.2+0.7 729+25 15+00 2601  10+01
Unplanted 209 Spring  -335% 1.4 538201 719449 15+01 25:02 1002
230 Spring  -30.4+05 829+18 17+00 2901  06+01
251 Spring  -32.9+2.2 743+76 15+01 26+03  0.9+03

883 Crotat, 8°Csoil and 8*Cpiant are the 53C of respectively total, native soil organic carbon (SOC) and
plant-derived organic carbon respiration. fs; is the proportion of CO, from native SOC respiration; csoil
is the standard error of f related to sampling and analytical errors; Afsil| AS*Csoil and Afsoi| AS*Copiant
are the variations in fei to a 1 %o variation in 8™*Csil and 8*Cplan, respectively; ARPE|A8®Cgi and
ARPE|AS®Cyiant are the variations in RPE to a 1 %o variation in §*Csoit and 8*3Cyplant, respectively.
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Supplementary Table 12. Uncertainty in *3C isotopic partitioning of CO; fluxes for the second
series of incubations. Mean + standard error (n = 4 replicate soil cores).

) ) %0 %
Soil type  Soil layer Depth 3Ciom  5%Ceon  5°Comm  feoi _ AaAlf%s'on AglegilL
Mean -37.1 -25.5 -50.4 53.3 1.2 19 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 11 1.9 9.5
Mediane -37.4 -25.8 -50.8 50.7 1.1 19 9.5
3st quartile  -36.6 -24.6 -50.0 574 14 2.2 14.1
Max -30.4 -24.4 -48.5 78.1 1.7 2.7 55.7
0-20 cm -38.0+ 0.4 497+15 1100  19+01 8.6+0.5
Topsoil 20-40cm  -329+16 -246+05 -51.2%x01 689%59 15+01 1202 20+0.1
40-60 cm  -304+13 781+49 17+01 08202 0.4+04
Cambisol
0-20 cm 42.9+0.2 303+08 07+00 26200 55.7+3.6
Subsoil 20-40cm  -382:08 -244+04 -509+01 482%31 09+00  20x01 105+08
40-60 cm -38.1+0.4 484+14 0900 1.9+0.0 9.8+0.9
0-20 cm -36.4%0.0 579+07 09+00 17201 54+05
Topsoil 20-40cm  -342+19 -260+03 -508+04 668+75 10+01  13x03 24%05
40-60 cm 34721 648+84 10+01 14203 29%09
Vertisol
0-20 cm -37.1£0.1 555+07 1.2+0.0 1.8+0.1 19.7+25
Subsoil 20-40cm  -386+16 -261+04 51004 494%71 11+01 2003 9.7£20
40-60 cm 40421 423+83 1001 23+03 158+6.1
0-20 cm -36.9+0.0 558+0.4 15+0.0 1.9+0.0 10.7+1.4
Topsoil 20-40cm  -37.9%07 -266+05 -500%02 51.7+29 14*01  21#01 44+05
40-60 cm -36.9+ 1.4 559+59 15%0.1 1.9+03 31+03
Andosol
0-20 cm -37.5+06 481+25 13%01 23+01 33747
Subsoil 20-40cm  -396+09 -256+05 -485+01 39.0+40 11+01  27%02 15205
40-60cm  -37.3+15 488+68 1301  22+03 10.1+0.6

813 Crotal, 8°Csoil and 8*Cpiant are the 53C of respectively total, native soil organic carbon and
root-derived organic carbon respiration. fsi is the proportion of CO, from native SOC
respiration; oroil is the standard error of fwi related to sampling and analytical errors;
Afsoil| AS3Cpiant and ARPE|ASCpiant are the variation in respectively fsoi and RPE to a 1 %o

variation in 8**Cpjant.
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Supplementary Table 13. Uncertainty in *C isotopic partitioning for planted soil cores of the
second series of incubations. Mean + standard error (n = 4 replicate soil cores).

mg C- mg C- mg C-
. CO2 kg'l %o CO2 kg'l %o CO2 kg‘l %o %0 %0
. Soil ; -1 ; -1 f 1
Soil type layer Depth  soil day soil day soil day"
Rtotal A14Ctotal Rplant A14Cp|ant Rsoil Al4CsoiI AA14CsoiI|A513Cplant AA14CsoiI|AA14CpIant
. i 0-20 41.1+25 -761+6 28.6+18 125+08 -551+17 26.1+£1.0 46+0.2
Cambisol Subsoil -852+3
40-60 9.7+08 -622+16 50x05 47+04 -377+x20 19.1+0.6 21+£0.1
. 0-20 453+38 -731+11 23.8%+33 215+06 -633+23 93+21 22+0.2
Andosol  Subsoil -820+7
40-60 143+11 -654+20 7.1+04 72+14 -452+77 229+114 24+0.8
Mean 27.6 -692 16.1 -836 115 -503 194 2.8

Riotal and A¥Crotal are respectively the total CO; flux and its A*C of root-soil respiration. Rpjant
and AYCpiant are respectively the the total CO- flux and A™C of root-derived organic carbon
respiration. Rsoit and ACsoii are respectively the the total CO> flux and A¥C of soil organic
carbon respiration. AA¥Cail] ASCplant and AAMCsoil] AA¥*Cpiant are the variations in A*Csil to
a 1 %o variation in 8*3Cpjant and to a 2 %o variation in A¥Cpiant, respectively.

Supplementary Table 14. Uncertainty in $3C isotopic partitioning of soil organic carbon for
the second series of incubations. Mean + standard error (n = 4 replicate soil cores).

%00 %
Soil type Soil layer Depth Af
yp 4 P 813Ctotal 813Croot 613Csoi| froot Gfroot 1;;00t|

AS Croot

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
0-20cm -27.08 £ 0.02 1.75+£0.09 056+0.00 0.07+0.00
Topsoil 20-40 cm -26.88+0.04 -50.99+0.07 -2666+0.06 093+0.16 056+0.00 0.04+0.01
40-60 cm -26.73 +0.06 0.31+£0.27 056+0.00 0.01+0.01

Cambisol
0-20 cm -26.09 + 0.07 217+029 051+001 0.09+0.01
Subsoil 20-40 cm -25.66 +0.01 -50.66 +0.14 -2555+0.02 046+0.06 051+0.00 0.02+0.00
40-60 cm -25.58 + 0.03 0.11+0.13 052+0.00 0.00+0.01
0-20cm -27.97 £ 0.06 267+032 092+0.01 0.12+0.02
Topsoil 20-40 cm -2766+0.14 -5042+0.40 -27.36+0.14 127+0.62 0.93+0.02 0.05+0.03
Vertisol 40-60 cm -27.44+0.21 035+0.89 094+0.02 0.02+0.04
ertiso
0-20 cm -28.22+0.11 498+051 090+0.01 0.22+0.02
Subsoil 20-40 cm -27.84+0.07 -50.61+0.13 -27.06+0.19 334+031 091+0.01 014001
40-60 cm -27.40+0.16 149+0.70 092+0.01 0.06+0.03
0-20cm -26.89 £ 0.01 154+£0.05 051+0.00 0.07+0.00
Topsoil 20-40 cm -26.72+0.10 -5053+0.20 -26.54+0.01 0.80+045 051+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
Andosol

0-20 cm -25.38+0.17 197+060 116+0.01  0.09+0.03
Subsoil 20-40 cm -25.04£0.03 -49.23+0.27 -25.03+0.20 0.08+0.15 1.17+0.01 0.09%0.01
40-60 cm -25.12 +0.05 041+020 1.17+0.01 0.02+0.01

313Crotat, 8*3Csoil and 8*3Cpiant are the 8*3C of respectively total, native and root-derived soil
organic carbon. it is the proportion of root-derived soil organic carbon; oot is the standard
error of froot related to sampling and analytical errors; Afroot| AS**Croot is the variation in fsil to a
1 %o variation in 8*3Croot.
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