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IsoNET	
   =	
   Réseau	
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   de	
   dendroclimatologie	
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  chronologies	
  (>400ans)	
  des	
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  13C/12C	
  
et	
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  de	
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Le	
  projet	
  MIST	
  visait	
  trois	
  objec=fs:	
  	
  

•  caractériser,	
   à	
   l’aide	
  de	
  mesures	
   intensives	
  conduites	
   sur	
  un	
   site	
  du	
  
réseau	
  CarboEurope,	
  les	
  teneurs	
  isotopiques	
  des	
  principaux	
  réservoirs	
  
et	
  flux	
   intervenant	
   lors	
  de	
   la	
  forma=on	
  du	
  bois	
  (CO2	
  de	
   l’air,	
  eau	
  des	
  
précipita=ons,	
  du	
  sol,	
  du	
  xylème	
  et	
  des	
  feuilles,	
  sucres	
  phloémiens	
  et	
  
foliaires,	
  photosynthèse,	
  respira=on	
  et	
  cellulose),	
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   des	
   signaux	
   isotopiques	
   enregistrés	
   dans	
   la	
   cellulose	
   du	
  
bois	
  et	
  	
  



Objectifs du projet MIST 

Colloque Changements Environnementaux- 21 et 22 mai 2012 

Le	
  projet	
  MIST	
  visait	
  trois	
  objec=fs:	
  	
  

•  caractériser,	
   à	
   l’aide	
  de	
  mesures	
   intensives	
  conduites	
   sur	
  un	
   site	
  du	
  
réseau	
  CarboEurope,	
  les	
  teneurs	
  isotopiques	
  des	
  principaux	
  réservoirs	
  
et	
  flux	
   intervenant	
   lors	
  de	
   la	
  forma=on	
  du	
  bois	
  (CO2	
  de	
   l’air,	
  eau	
  des	
  
précipita=ons,	
  du	
  sol,	
  du	
  xylème	
  et	
  des	
  feuilles,	
  sucres	
  phloémiens	
  et	
  
foliaires,	
  photosynthèse,	
  respira=on	
  et	
  cellulose),	
  	
  

•  développer,	
  à	
   l’aide	
  des	
  mesures	
  précédentes,	
  un	
  modèle	
  mécaniste	
  
générique	
   des	
   signaux	
   isotopiques	
   enregistrés	
   dans	
   la	
   cellulose	
   du	
  
bois	
  et	
  	
  

•  tester	
   l’apport	
   du	
   nouveau	
  modèle	
   sur	
   de	
   «	
   longues	
   »	
   chronologies	
  
isotopiques	
   (100	
   ans)	
   pour	
   reconstruire	
   et	
   étudier	
   la	
   réponse	
  
physiologique	
   de	
   différentes	
   essences	
   en	
   Europe	
   aux	
   varia=ons	
  
clima=ques	
  passées.	
  



Consortium 

Colloque Changements Environnementaux- 21 et 22 mai 2012 

EPHYSE	
  
INRA	
  Bordeaux	
  

LSCE	
  
Cnrs	
  Gif/Yvece	
  

BIOEMCO	
  
Cnrs	
  Grignon	
  

School	
  Geosciences	
  
Univ.	
  Edinbugh	
  (UK)	
  

Fac.	
  Metabolomics	
  
Univ.	
  Freiburg	
  (D)	
  

modélisa=on	
  
micrométéorologie	
  

membre	
  de	
  CarboEurope	
  

dendroclimatologie	
  
isotopique	
  

membre	
  d’IsoNET	
  

écophysiologie	
  
membre	
  de	
  CarboEurope	
  

métabolomique	
  
isotopique	
  

biogéochimie	
  
isotopique	
  



Consortium 

Colloque Changements Environnementaux- 21 et 22 mai 2012 

EPHYSE	
  
INRA	
  Bordeaux	
  

LSCE	
  
Cnrs	
  Gif/Yvece	
  

BIOEMCO	
  
Cnrs	
  Grignon	
  

School	
  Geosciences	
  
Univ.	
  Edinbugh	
  (UK)	
  

Fac.	
  Metabolomics	
  
Univ.	
  Freiburg	
  (D)	
  

modélisa=on	
  
micrométéorologie	
  

membre	
  de	
  CarboEurope	
  

dendroclimatologie	
  
isotopique	
  

membre	
  d’IsoNET	
  

écophysiologie	
  
membre	
  de	
  CarboEurope	
  

métabolomique	
  
isotopique	
  

biogéochimie	
  
isotopique	
  

site	
  d’étude	
  commun	
  
Landes	
  de	
  Gascogne	
  



Méthodologie 

Colloque Changements Environnementaux- 21 et 22 mai 2012 

1 .	
   Mesures	
   con=nues	
   des	
  
échanges	
   de	
   12CO2,	
   	
   13CO2	
   et	
  
CO18O	
   par	
   spectromètre	
   op=que	
  
rapide	
   (1Hz)	
   couplé	
   à	
   des	
  
chambres	
   de	
   photosynthèse	
   ou	
  
respira=on	
  



Méthodologie 

Colloque Changements Environnementaux- 21 et 22 mai 2012 

1 .	
   Mesures	
   con=nues	
   des	
  
échanges	
   de	
   12CO2,	
   	
   13CO2	
   et	
  
CO18O	
   par	
   spectromètre	
   op=que	
  
rapide	
   (1Hz)	
   couplé	
   à	
   des	
  
chambres	
   de	
   photosynthèse	
   ou	
  
respira=on	
  

2.	
   Prélèvements	
   mensuels	
   d’échan=llons	
   (aiguilles,	
   =ges,	
   sol,	
   vapeur,	
  
pluie)	
  pour	
  analyses	
  isotopiques	
  
	
  
3.	
  Campagnes	
  intensives	
  
	
  



Méthodologie 

Colloque Changements Environnementaux- 21 et 22 mai 2012 

1 .	
   Mesures	
   con=nues	
   des	
  
échanges	
   de	
   12CO2,	
   	
   13CO2	
   et	
  
CO18O	
   par	
   spectromètre	
   op=que	
  
rapide	
   (1Hz)	
   couplé	
   à	
   des	
  
chambres	
   de	
   photosynthèse	
   ou	
  
respira=on	
  

2.	
   Prélèvements	
   mensuels	
   d’échan=llons	
   (aiguilles,	
   =ges,	
   sol,	
   vapeur,	
  
pluie)	
  pour	
  analyses	
  isotopiques	
  
	
  
3.	
  Campagnes	
  intensives	
  
	
  
4.	
   Mesures	
   à	
   haute-­‐résolu=on	
   (15-­‐40	
   frac=ons/cerne)	
   de	
   la	
   teneur	
  
isotopique	
   13C/12C	
   et	
   18O/16O	
   de	
   la	
   cellulose	
   du	
   bois	
   sur	
   période	
   de	
  
mesure	
  des	
  flux	
  (1996-­‐2008)	
  
	
  
5.	
  Modélisa=on	
  mécaniste	
  



Résultats marquants 

Colloque Changements Environnementaux- 21 et 22 mai 2012 

of DA typically occurred at dusk throughout the growing
season, but also in the early mornings of June and July and
throughout the day during the winter months. This gener-
ally led to an asymmetric daily pattern in DA with highest
values occurring when CO2 uptake was low, indicating a
relatively high proportion of CO2 molecules being respired
that could contain a slightly different isotopic composition
to that of current assimilates (Wingate et al., 2007).
During June and the start of July when weather condi-

tions were still relatively wet and cloudy, midday DA values
tended to be high (> 15‰) with lower values observed only
occasionally. By contrast, the end of July and the months of
August and September gave rise to much lower midday DA

values (often < 15‰), when soil moisture contents were

relatively lower than those observed earlier in the season.
(Figs 2 and 4). Rain events during this study often caused
values of DA to increase above 20‰ and are often identified
as conspicuous orange and red regions, for example, during
the rainy periods of August and December.

Seasonal patterns in the d13C of component CO2

fluxes

During the summer months (July–September), the d13C
signal of both stem and soil respired CO2 were generally
more depleted than the observed flux-weighted daytime
photosynthetic signal dA = (da ) DA) ⁄ (1 + DA) (Figs 5 and
6). Outside this period, they both remained in the same
range of values as observed dA. However, model simulations
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Fig. 3 Seasonal variations in the observed mean daily (circles) or 5-d
running mean (thick solid black lines) of sap flux-derived transpira-
tion rates, modelled ecosystem evapotranspiration rates (thin red
line) (includes canopy, soil and understorey contributions) and net
CO2 exchange measured and modelled (thin red line) at the eco-
system (NEE), branch (FA), stem (FW) and soil (FS) scale during 2007.
Branch fluxes are shown for daytime conditions only and are
expressed on a ground area basis using the total canopy leaf area
predicted by the model. Modelled branch fluxes are for either the
entire canopy (thin blue line) or a canopy of 1-yr-old shoots only
(thin red line).
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Fig. 4 Diurnal and seasonal variations in branch 13C discrimination
(DA) measured during 2007 in the maritime pine forest studied.

6 Research
New
Phytologist

! The Authors (2010)
Journal compilation ! New Phytologist Trust (2010)

New Phytologist (2010)
www.newphytologist.com

Un	
   jeu	
   de	
   données	
   unique	
   pour	
   tester	
   les	
   théories	
   de	
   discrimina=on	
  
isotopique	
   lors	
   de	
   la	
   photosynthèse,	
   de	
   la	
   respira=on	
   ou	
   de	
   la	
  
transpira=on	
  des	
  arbres	
  

Wingate,	
  Ogée	
  et	
  al.	
  Glob.	
  Change	
  	
  Biol.	
  (2010)	
  

W
ingate,	
  O

gée	
  et	
  al.	
  N
ew

	
  Phyt.	
  (2010)	
  

205 206 207 208

-20

-10

0

10

20

18
O

 [‰
 V

SM
O

W
]

|

|

Day of year 2008

    

-120

-80

-40

0

40

2 H 
[‰

 V
SM

O
W

]

|

|

Day of year 2008

Top leaf (measured)          
Twig (measured)          
Soil surface (measured)          
Vapour 1 level (measured)          
          

Sunlit leaves (modelled)          
Shaded leaves (modelled)          
Twig (modelled)          
Soil surface (modelled)          
Vapour (modelled)          

                                      
                                      
                                      
                                      
                                      

                                      
                                      
                                      
                                      
                                      

281 282 283 284 285

 

 

 

 

 

|

|

Day of year 2008

     

 

 

 

 

 

|

|

Day of year 2008

205 206 207 208

-20

-10

0

10

20

18
O

 [‰
 V

SM
O

W
]

|

|

Day of year 2008

    

-120

-80

-40

0

40

2 H 
[‰

 V
SM

O
W

]

|

|

Day of year 2008

Top leaf (measured)          
Twig (measured)          
Soil surface (measured)          
Vapour 1 level (measured)          
          

Sunlit leaves (modelled)          
Shaded leaves (modelled)          
Twig (modelled)          
Soil surface (modelled)          
Vapour (modelled)          

                                      
                                      
                                      
                                      
                                      

                                      
                                      
                                      
                                      
                                      

281 282 283 284 285

 

 

 

 

 

|

|

Day of year 2008

     

 

 

 

 

 

|

|

Day of year 2008

205 206 207 208

-20

-10

0

10

20

18
O

 [‰
 V

SM
O

W
]

|

|

Day of year 2008

    

-120

-80

-40

0

40

2 H 
[‰

 V
SM

O
W

]

|

|

Day of year 2008

Top leaf (measured)          
Twig (measured)          
Soil surface (measured)          
Vapour 1 level (measured)          
          

Sunlit leaves (modelled)          
Shaded leaves (modelled)          
Twig (modelled)          
Soil surface (modelled)          
Vapour (modelled)          

                                      
                                      
                                      
                                      
                                      

                                      
                                      
                                      
                                      
                                      

281 282 283 284 285

 

 

 

 

 

|

|

Day of year 2008

     

 

 

 

 

 

|

|

Day of year 2008

Wingate,	
  Ogée	
  et	
  al.	
  Plant	
  Cell	
  &	
  Env.	
  (in	
  prep)	
  

ging isotopically with leaf water and diffusing back to
the atmosphere (i.e., gtcCa ! gtcCc " [FA]). At these
particular times, the second term in Eqn (1) (the ‘inva-
sion’ term) becomes dominant and strongly negative
(deq4da and FAo0), and leads to these high DA values.
The theory originally developed to understand DA

during leaf gas exchange in the light (Farquhar & Lloyd,
1993) can also be used to interpret nocturnal oxygen
isotope signals during leaf respiration (Cernusak et al.,
2004; Seibt et al., 2006a, 2007; Barbour et al., 2007). If
stomata open at night, CO2 can readily diffuse both into
and out of leaves and exchange oxygen atoms with leaf
water. This exchange occurs quickly when the enzyme
carbonic anhydrase (CA) is present (Silverman, 1982).
In leaves, CA is located not only in the chloroplasts but
also in the cytoplasm and mitochondria of plant meso-
phyll cells (Parisi et al., 2004) so that leaf respired CO2

during dark periods is usually close to full equilibrium
with leaf water (Cernusak et al., 2004). Thus, the isotopic
composition of CO2 diffusing from the leaf to the atmo-
sphere will contain information on the nocturnal varia-
tions of both dlw and gnight (Cernusak et al., 2004).
Using a subsample of our DA observations we calcu-

lated the isotopic signal of the net branch CO2 flux dA
for a period of 12 consecutive diel cycles (Fig. 4b).

Because FA switches from being a large CO2 sink during
the day to a small source in the dark (Fig. 4a), dA usually
flips sign at dawn and dusk, as a consequence of the
invasion signal [Eqn (1)]. Within a single night and
between subsequent nights, we also found that dA had
generally positive and more variable values than those
observed in the light. Typical dA values at night varied
between 30% and 200% VPDB-CO2. This range is
consistent with values of dA found in previous studies
for both laboratory and field situations (Cernusak et al.,
2004; Seibt et al., 2006a, 2007; Barbour et al., 2007), and is
mostly attributed to CO2 invasion. A number of rain
events punctuated this time-series and caused noctur-
nal values of dA to become less positive and even
negative at times (e.g., days 236, 237, 241 and 242). dA
values also occasionally displayed a pronounced pat-
tern during the night. For instance, over the nights of
243–247 dA values were observed to increase at the
beginning of the dark period, before gradually deplet-
ing towards the end of the dark period. Only one other
study has measured nocturnal dA at a similarly-high
temporal resolution on Ricinus communis L. leaves in the
laboratory (Barbour et al., 2007). Typically they observed
a similar range of dA values and a gradual depletion in
dA when plants were placed in the dark, without the

(a)

(b)

(c)

(d)

Fig. 4 Diel variations in (a) branch net CO2 exchange (FA) (b) observed variations in the isotopic signature of branch CO2 exchange (dA)
(c) estimates of leaf water isotopic composition (dlw) predicted by either inverting observations of dA, using a steady-state (SS) leaf water

enrichment model or using a non-SS leaf water enrichment model (NSS) alongside variations in (d) relative humidity (ha) measured for a

12-day period during 2007 in a Maritime pine forest.

d 1 8 O D I S EQU I L I B R I UM B E TWE EN ECO S Y S T EM CO 2 F LUX E S 9

r 2010 Blackwell Publishing Ltd, Global Change Biology, doi: 10.1111/j.1365-2486.2010.02186.x
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Sensitivity to big leaf/simple bucket approach
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change in D of control trees was detected during the two
decades. The D response was a common and significant
response of all three forests when analysed as a blocked
analysis of variance (P < 0.01), but there was no difference
among stands (P = 0.11).

Photosynthetic capacity and water availability

Photosynthetic capacity, assessed using foliar [N] and A–Ci

curves, was unchanged by thinning (Table 3). Foliar [N]
values averaged 1.11%, and did not vary with thinning or
stand [blocked analysis of variance (ANOVA), P = 0.41 and
P = 0.26, respectively]. The A–Ci parameters Vcmax and Jmax

were also unresponsive to thinning at stand A (paired t-test,
P = 0.97 and P = 0.51, respectively). The value of Ypre-dawn

was significantly less negative at the thinned stands
throughout the summer of 2000 (repeated measures
blocked ANOVA, P < 0.01, Table 4). As the summer drought
progressed the value of Ypre-dawn became more negative at

both control and thinned stands, but the relative rankings
between treatments did not change at any date or stand.
There was a strong relationship between stand-average
Ypre-dawn and stand-average D after thinning (Fig. 3).

Sapwood anatomy

Sapwood anatomy was unresponsive to stand density
reductions (Table 5). There was no response of tracheid
lumen diameters calculated as the straight mean or the
‘hydraulic’ mean (equivalent to S diameter4/S diameter5;
Pockman & Sperry 2000) between the thinned and control
trees after thinning (P = 0.50 and 0.60, respectively). Poten-
tial hydraulic conductivity of sapwood calculated from Eqn
4 also did not respond to thinning (P = 0.72), nor did the
early-wood : late-wood ratio (P = 0.94). The lumen surface
area per unit sapwood area was invariant with stand density
reduction (P = 0.93). The wood density did not respond to
thinning (P = 0.12). Correlations between anatomical
parameters and D (as carried out by Ponton et al. 2001)
were not examined due to the lack of variation in anatom-
ical parameters.

Figure 1. Basal area index (BAI, cm2) of trees from the control 
stand (open circles) and the thinned stand (filled circles) from 
stand B (upper panel) and stand C (lower panel) from before and 
after the thinning. Carbon isotope discrimination (D, ‰) for the 
same trees is shown in the upper portion of each figure, with open 
triangles representing trees from the control stand and filled trian-
gles representing trees from the thinned stand. The D values for 
stand B are averages of five trees for tree rings from 1990 to 1992 
and 1996 to 1998. The D values for stand C are averages of five 
trees for tree rings from 1978 to 1980 and 1990 to 1992. The date 
of thinning for stand B is 1993, and for stand C is 1985 (indicated 
by dashed lines). Bars are standard errors, and the sample size was 
five trees per plot.

Figure 2. (a) BAI and (b) D of trees from the paired thinned and 
control portions of stand A. Trees from the thinned stand are 
indicated by closed symbols and from the control stand are indi-
cated by open symbols. The date of thinning is indicated by the 
dashed line. Values are means with standard errors.
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