Stable Isotopes





Objectives – you should understand:





Isotopic notation: d and D


The uses of different stable isotopes


The major fractionation steps for C, D, O isotopes


What C isotopes tell us about ecosystem function








Stable isotopes of C, O, H, N, and S can be used as tracers and indicators of plant and ecosystem function.  They have and have the potential to dramatically increase our understanding of plant and ecosystem processes.





Sources:  Ehleringer JR et al. 1993.  Stable isotopes and plant carbon-water relations, Academic Press;  Rundel PW et al.  1989.  Stable isotopes in ecological research, Springer-Verlag; Coleman DC and B Fry.  1991.  Carbon isotope techniques, Academic Press; Sala OE et al. 2000.  Methods in ecosystem science, Springer-Verlag.  








Basics:





Abundance of stable isotopes – from Ehleringer, Table 1.1





Stable isotope ratio in samples:   dX = (RSAMPLE/RSTD - 1) x 1000; dX is in ‘per mil’ or ‰;  For example, d13C = (RSAMPLE/RPBD - 1) x 1000;  RSAMPLE is the molar ratio of the heavy form: light form of the sample.  For example, RPBD = 0.011237, what would RSAMPLE be for d13C = -27 ‰ (a typical value for C3 plants?  d13C values get more negative as 13C is selected against. 





Discrimination = D; For C, D = [d13CAIR - d13CPLANT] / [1 + d13CPLANT/1000]; d13CPLANT/1000 is  small and often neglected.  D13C values get more positive as 13C is selected against.





Fractionation: occurs because molecules with different weights of isotopes diffuse and react differently with enzymes or other chemical reactions.








Carbon Isotopes:  





Fractionation (C3), D = �EMBED Equation.3���


Fractionation (C3), d13Cleaf = d13Cair - �EMBED Equation.3���





a = discrimination from diffusion (4.4 ‰)


b = discrimination from carboxylation (27 ‰)


pi = internal CO2 pressure (also Ci)


pa = external CO2 pressure (also Ca)


d = fudge term (respiration, liquid phase diffusion, other factors), usually small.





Fractionation (C4) = �EMBED Equation.3���


b4 = discrimination from PEP carboxylation (-5.7 ‰)


b3 = discrimination from Rubisco carboxylation (30 ‰)








Water-use efficiency:  


A = (Ca – Ci) g/1.6


E = Dg


A/E = (Ca – Ci)/(1.6D)


A = photosynthesis, E = transpiration, D = leaf to air vapor pressure deficit, g = stomatal conductance to water vapor.





For C3 plants, differences in A/E will cause differences in 13C discrimination, and this can be used as an index of water use ‘efficiency’ of differences in stomatal control.  C3/C4 differences in D can also be used as tracers of organic matter dynamics, and potentially root respiration.








Hydrogen and Oxygen:





D/H shows the largest variation of any stable isotope.  D/H ratio in precipitation will vary with the temperature at which water was condensed.  dD will be more negative when precipitation has been formed in colder weather.  Differences in dD of source water can be used to trace water use and rooting depth.





Applications.





dO in precipitation varies with dD, but O isotopes go through more exchange in the plant.








Nitrogen.





Used as tracers and natural abundances have been used to understand food webs, as animal tissues become enriched in 15N.





�
Carbon Isotopes for Idiots





When comparing two samples, the sample with:





More negative d13C�
Less negative d13C�
�
�
�
�
Has less 13C�
Has more 13C�
�
Weighs less (‘lighter’)�
Weighs more (‘heavier’)�
�
Has larger D (more discrimination)�
Has smaller D (less discrimination)�
�
Has higher Ci (~15 (mol/mol/1‰)�
Lower C�I�
�
If both samples have the same photosynthetic capacity, and light levels are the same, this one has higher gs�
If both samples have the same photosynthetic capacity, and light levels are the same, this one has lower gs�
�
If this sample has lower leaf N or photosynthetic capacity, gs may not differ.�
If this sample has higher leaf N or photosynthetic capacity, gs may not differ.�
�
If this sample has higher leaf N or photosynthetic capacity, gs differences are larger than differences in Ci. �
If this sample has lower leaf N or photosynthetic capacity, gs differences are larger than differences in Ci.�
�
If both samples have the same photosynthetic capacity, and gs is the same, this sample will be in lower light.�
If both samples have the same photosynthetic capacity, and gs is the same, this sample will be in higher light.�
�






Higher N or photosynthetic capacity generally equals lower Ci and a less negative d13C.


