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OBJECTIVES

1)Determine Ps and its isotopic signature 8'3Ps for the different soil horizons.

CONTEXT

» Future dynamics of soil CO, efflux (Fs) = key question in climate change research.

» Two processes lead to Fs: CO, production P (heterotrophic + autotrophic) + transport F to surface 2)Find factors affecting Ps & 6"Ps intra & inter day fluctuations

> Factors affecting P & F (t°, moisture, substrate...) vary vertically and temporally. 3) Evaluate by modeling which processes (those linked to production or transport) drive

> Better understanding of the mechanisms controlling Fs needs - soil multilayer approach F's temporal variabilit

- fine temporal resolution (intra-day) study

EXPERIMENTAL SITE: HARTHEIM FOREST

» 46 year old Scots Pine Forest (Pinus sylvestris L.)

OBJECTIVE 1: Determine soil horizons Ps and 0'3Ps EF, » Mean annual Air Temp/Prec: 10.3°C/642 mm

» Use of BC & 12C improve EFs origin (partitioning) and pathway (spatiotemporal tracer) knowledge

Based on 2CO, & *CO, balances for layer i &  Diffusive Flux-Gradient approach I » Haplic Regosol (calcaric, humic)
AC. F,.,. —F, —C —I » Humus type is mull (1-3 cm thick
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4 = | |OBJECTIVEZ2: Factors affecting Ps and 0'3Ps (Goffin et al. 2014)
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P. and &P, can be obtain by measuring the temporal evolution of the [2CO,] & [!*CO,] vertical profiles + Lab.

measurement (on soil samples) of € and dependence of D on soil water content (vertical profiles) " Ps in Ah and AhC are correlated to their local temperature
Boundary conditions : F,,,, = 0; F,, = Fs " No diurnal evolution of Ps in C (t° = constant over the campaign)
‘ " Ps in Ol (litter) is correlated to u*. The CO, transport processes due to
Experimental device (Parent et al. 20 13) turbulence are not represented in Eq. 1 & 3 when they are actually
present in the litter layer. Consequently their influences are reflected back
- \Mew brane\ube L | coil 1 Experiment in the Ps term (= Eq. 3 output). This point explains also negative value of
S Chamber |f duration : 20 days Ps in Ol met in Fig. 2
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' imputed to change in Fig. 5: Dependence of daily mean (a) 83Ps in Ah and (b)
swc Se“SOﬁrS : LS. the substrate / &13F's on soil water content (SWC) at 7 cm depth
7 | q ' microbial communities
1" sensor = -\ “1CO,] & 7ICO,] involved in C mineralization when SWC decreases.
1)membrane tube =
» [CO,] & 3:°CO, in " This dependence is not observed for efflux (0°Fs ) because Fs is a mixed of #
soil layers layer contributions with # dependences and the presence of soil chamber can have
2)from chamber = induced difference between SWC below them and the SWC measuring points.
EFs & 3“EFs
OBJECTIVE 3: Model applications to evaluate the part of
Results production and transport processes in the [CO,]_ . & Fs temporal
: 10T AR variability (Goffin et al. under review).
10} 10f 10 " anl
/ O 1) Model run with a reference version simulating production in the # layers (rate
'20' ) ® i A AAAAAAN AR depending on local t°) and diffusion as the only CO, transport process
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g--mj 40/ 40 | X production regulated by phloem pressure concentration waves (PPCW) are
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MWM o . . o
_60] . Wl - o o am A ws 3) Comparison of the reference and testing versions outputs with [CO,] ., & Fs
-70¢ -70; -70r | '70;:' i 3t C — 10 —— Reference Model
:I E | N - :; ol _xz:irzmhthe Phloem Pressure Concentration Wave ‘ Ref. model
-800 %oftoztl(a)ll co, 0 _BOOI l;ine Roioimpacts * -800 Coarse R(7)I;)5timpacts " -800‘ é é ’ 839 S 247“ :2_51- v_:éhgg:ﬁ—v: %N ° y ‘ f ‘ . Inter-day Variation relatiVEIy
production [impacts/0.01m2] [impacts/O.OlmZ] E,; 4 well reproduced
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AhC, C) in parallel with fine roots and carbon content production for the different horizons 1 e day variability (amplitude too
Vertical profiles sl L xz;iseirznththe Phloem Pressure Concentration Wave low, not ln phase)
‘ * CO, production decrease with depth as fine roots & carbon contents ‘ Adding Advection
80872010 03/09/2010 09/09/2010 " Affect Only OlltplItS at very
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* Not plausible negative CO, production (consumption) in ) _7 an v Daily means Fig. 6 a & c: Time evolutions of Fs and [CO,]
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Ol ! (see explanation in Objective 2 section)
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ds), no i t on half-
26! obtained with reference model, model including seconds), no impact on ha
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Fig. 6 b & d: Corresponding averaged intra-day ™ Brings intra-day amplitude for
variability [CO,] . but no benefit for the
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Fig. 3: Temporal evolution of 0**Ps for Ah (a & b) and gl
Ahc (c & d). Hourly variability (a & c¢) and daily means 3050 s 250 2 30500 245 250 255
(b & d) are presented

soil

‘ * Significant day to day variation of 8"3Ps in i% | FEESSNUITY S SRR =) Adding PPCW phase
Ah o __ " Improve significantly the simulation of F's & [CO,]_, amplitude and phase
TTa40 245 250 255 " Best way to reproduce the intra-day Fs & [CO,]_. variations
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