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Biogeochemical cycles in Forest
Ecosystems

Carbon, water, nutrients and their interactions

Saint-Andre L, Granier A., Loustau D., Legout A., Augusto L. 01/ 07/ 2013
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Two Key Programs of Challenge 1 (Develop the sustainable provisionning

service of ecological systems) and Challenge 2 (Characterize and optimize

ecosystem services
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For which we have a method
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....IN-situ and in lab consistent tools

Comprehensive sites National experimental networks Large database
SOERE F-ORE-T GIS-COOP/PLANTACOMP ECOPLANTI Digitalis
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....models at different scales
A
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....models at different scales

Data for calibration,
validation and forcing
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.... a strong disciplinary and inter-disciplinary settlement

/ Ecology of tree and stand \
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.... and collaborations through international networks
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Snapshots on Carbon, water and

balances in temperate and tropical
forests
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Carbon Allocation in Trees and Soil ANR-07-BLAN-0109
C.A.T.S. (Fontainebleau, Hesse, Landes), 13C Leaf Labeling
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Time lag in soil Peak time in soil 0 20 40 60 80
Days after labelling
Beech: 12~ 32 h Beech: 41 ~89 h
Oak: 14~ 26 h Oak: 38 ~89h Epron et al. 2012, TREE PHYSIOLOGY 32(6):
Pine: 39~ 110 h Pine: 89 ~ 278 h 776-798
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Impact of weeding and thinning on forest energy balance
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Carbon balance in different ecosystems, long term trends,

and drought effects

hétre (Hesse, France)
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Evapotranspiration at continental scale - ICOS Ecosystem

newigurz gy - Micosct Pewaieint

Global average: 550 mmlyr
~ 60 Eglyr (+10-15%)
(1Eg = 1018g ~ 1000 km3)

‘wMap of mean Evapotranspiration from 1982-2008
wPredicted vs. Observed ET at FLUXNET sites (10-fold cross-validation from MTE training)

wCorroboration against river catchment water balances
wComparison against GSWP-2 land surface model ensemble (16 models) stratified according to

bioclimatic zones

Evapotranspiration leveling off due to water limitation
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Snapshots on Nutrient cycling In
forests
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NanoSIMS Study of Organic Matter Associated with Soil
Aggregates (Combination with STXM)
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Remusat et al. 2012 A microbial componds
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Interaction between N and CalP cycles

Rainfall

Douglas Fir Douglas Fir
(control) (fertilized)
30 years old (Ca+Pin 1979

and1983)

Non-saturated
Ecosystem

Qeole of microbes ?

Ecosystem
satured by N
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Norg.ha-1
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Measuring 44Cal40Ca and 26Mg/24Mg in environmental
samples from a tracer experiment using ICP-MS and TIMS

Goncentration  Hux Isotopiccomposition Monitoring in situ and measurement of isotopic ratios
meqL” kgha' % %o 26Mg/24Mg et 44Cal40Ca (ICP-MS)
15N Nitrate 26.7 1 9 2.69EH07 ] ] .
44Ca Caldum 96 053 %.45 1.26E+06 Humus, sol, biomasse microbienne
26Mg Magnésium 29.6 0.96 99.25 1.09E+06 Pluie incidente, écoulement de tronc,
2H Deutérium - 99.85 2.37TE:04 pluviolessivats, solutions de sol

44Ca Two years after application

CEC

Coll. INRA, MNHN, CNRS | \F’Z‘:‘e‘iterEt';'(’)%?”aﬁd etal. 2013,

University of Nevada, USA s-15em [ |

Lund University, Swe’den ] Mgﬁ]gg?'ﬂg%en G., etal. 2013,
]

James Hutton Institute, UK 15-60cm Geoderma

Van der Heijden G., et al. 2013, 0%  20% 40%  60% Van der Heijden G., et al. 2013,

International Journal of Mass % du traceur appliqué Plant and soil
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Measuring and modeling 15N, 42Ca and 26Mg movement in
tree xylem from a tracer experiment using ICP-MS and TIMS

Concentration Isotopic enrichment Monitoring in situ (2 years) and measurement of
gid % isotopic ratios: 015N, 26Mg/24Mg and 42Cal/40Ca (ICP-
15N I 4. ) MS
42Ca Nltriate 3 99.0 Modeling of Ca transport in)tree xylem (homothetic upsaling
26Mg Calcium 1.4 79.0 approac[\&,
]sol —lab sap—ﬁeld

Magneslum 21 938.8 TRSPHZO—ﬁeld =TRSPy 61 % ’ al VOL
s sol — field

'sap —lab

1.4
15N quickly transported et
Bl - 1.21
2 to foliage .| 42Ca slowly transported
= 104 by sap convection - 1'0 successive cation
5 £ N exchanges along the
S 084 80
= 3 os xylem vessels
0.6+ N 07
L e (N I = Y s
Coll. Inra, oel
injecti 0.5 # injection
Macaulay Institute, UK I I -
US FO re St Se er ce, US A Feb-05 Jun-05 Oct-05 Feb-06 Jun-06 Oct-06 Feb-07  Jun-07 Feb-05 Ju,, 05 o:t 05 Feb~06 Ju,,{,s ogt 06 Feb~07
—<o— Control (current-year-old) —Ut— Control (1-year-old) ------ Standard ——Labelled (current-year-old) Natural abundance level
—=&— Labelled (current-year-old) —#— Labelled (1-year-old) —O0—Control (current-year-old) =Maximum value for foliage
Augusto L. et al. 2011, Annals of Forest > I
Crinn 2 years
DUITITIUCT.

results confirmed by the model
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Using radiotracers 32P and 33P to assess phosphorus
nutritive status in forest soils

Batch experiments Incubation experiments Greenhouse experlments Modeling and Meta-
(soil-solution suspensions with ol | ' ;
*P) Plant
1 32P04 Solutior
Coll. Inra _ | % of total P
Tomsk Univ., Russia n 0 WD N e om0 @ s w0
P . . complete assessment of P nutritive status |3 g
Novosibirsk Univ., Russia e
2012ab, 2013ab. Jonard et al. 2009, 2010. ‘ g
1 ; -60
w

Trichet et al. 2009. Ann. For. Sci., “
Biogeochemistry, Biogeosciences, Ecol. -_’ water P

Model., For. Sci., Geoderma, JSS, Soil Biol.

Biochem _SSSAJ
lj P from mi lized SOM i soil) - non labile inorganic Pin 1 year

Pinr ant SOM (undisturbed soil) inorganic P diffused in 1 day-1 year
Pin soil microflora

P ions in solution
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CONCLUSION

Large advances

Interaction between cycles,

Data model integration,

Robust service-related indicators,
Mapping of forest ecosystem services

ESFRI road maps (ICOS, EXPEER) .
LABEX (ARBRE, COTE, CEBA)
EQUIPEX (XYLOFOREST)
Infrastructure (ANAEE-S)
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