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Stable C Isotopes in Plants

Terrestrial Plants:

+ different from δ13C-
value of the atmosphere

+ unequal distribution of 
δ13C values
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Which processes are discriminating against 13C?

CO2 diffusion

CO2
fixation

CO2
solubilization
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Δ= a+(b-a)*(ci/ca)

a, diffusion in air [+4.4‰, α=1.0044] kinetic

b, carboxylation [+29‰, α=1.029] kinetic

incl. CO2 dissolution [+1.1‰, α=1.0011] equilibrium
CO2 aqueous diff. [+1.1‰, α=1.0011] kinetic

Ci, internal CO2
Ca, ambient CO2
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δ13Cplant= δ13Cair –[a+(b-a)*(ci/ca)]

δ13Cplant= (-8)-(4.4)-(31.1-4.4)*(ci/ca)

If ci=ca: δ13Cplant ~ -39‰

i.e., diffusion does not play a role!

If ci << ca: δ13Cplant ~ -12.4‰

i.e., discrimination by RubisCO does not play a role!
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Photosynthesetypen

Terrestrial Plants:
Why bimodal distribution?

Terrestrial Plants:
Different photosynthetic 
pathways
C3, C4 and CAM
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PEP Carboxylase
α=1.002 (2‰)
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Blatt-Anatomie
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Crassulacean acid metabolims and succulence
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Valid for different
cultivars and
different species
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18O - Discrimination

The enzym „carbonic anhydrase“ catalyses the exchange of O2
between CO2 and leaf water.

Organic material caries two „lables“ –
13C and 18O – which allow for different conclusions!
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Intramolecular C Isotope Distribution

Fractionation in metabolism!
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Chapin, Matson, Mooney (2002)

Global CO2-Concentration
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Seasonal
Changes

(M. Trolier et al., 1996)

High Photosynthesis:
enrichment in 13C of the
atmospheric CO2
(preferential use of 12CO2)

Oxygen exchange:
enrichment of 18O during
exchange in leaves;
depletion during exchange
in soils
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Latitudinal
Discrimination

Effected by vegetation and 
land mass distribution

(Chapin, Matson, Mooney, 2002)
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Battle et al. (Science, 2000)

Global δ13CO2-Value
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Balesdent & Mariotti (1998)

Atmospheric CO2

Fossil fuel burning

(a) decreases δ13C of CO2
(b) increases in CO2 concentration


