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Hydrogen Isotopes (δ2H) in Plants

δ2H

δ2H values in plant organic compounds are 
believed to record hydrological signals

δ2H
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Sachse et al. 2012, Annu. Rev. Earth Planet. Sci

δ2H in Leaf Wax n-Alkanes
Why are leaf-wax lipids from living plants highly variable?
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Biosynthetic H Fractionation in Plants
Experiments manipulating the plants C 
metabolism:

1) Manipulation of the 
energy supply (light)

2) Manipulation of the 
substrate supply (CO2) 
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Strong effect of C-metabolism on plant δ2H 
values

Biosynthetic H Fractionation in Plants
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Biosynthetic H Fractionation in Plants
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Biosynthetic H Fractionation in Plants
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Biosynthetic H Fractionation in Plants
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δ2H as Proxy for C Metabolism
Carbon transfer between plants

Sarcodes sanguinea (Ericaceae) Orobanche hederae (Scroph.)

à e.g. autotrophic and heterotrophic plants
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Fig. 3. δ2H values of individual plant organs standardized for each 
species by calculating the deviation of an organ’s δ2H values from 
the respective species mean.  

 Conclusions  Objectives 

 Introduction 

1)  Determine the n-alkane 
concentrations of leaves, 
stems, sheaths, 
inflorescences and roots in a 
broad range of grass species. 

2)  Determine the δ2H of n-
alkanes in these different 
grass organs. 

 
 

 Methods 

 Results & Discussion 

To test n-alkanes concentrations and δ2H values of different plant organs, we sampled a total of 14 C3 
grass species from a temperate (Ennetbaden, Aargau, 400m above sea level) and an alpine (Preda, 
Graübunden, 2000m above sea level) grassland in Switzerland. The sampling period was in the summer 
season to assure the presence of mature plant organs: Leaves, sheaths, stems, inflorescences and 
roots. The goal of the sampling was to variability test for differences in n-alkane concentration and δ2H 
values in different plant organs. 

Fig. 1. Alpine research site in Preda, 
Switzerland. 

Contact: 
bruno.gamarra@usys.ethz.ch 

Funding: 
ERC Starting Grant COSIWAX 
 

Variable concentration and δ2H values of 
n-alkanes in different organs of grasses 

from alpine and temperate grasslands 

Our data show similar n-alkane concentrations of leaves, stems and sheaths of 
the prevalent alkanes C29 and C31 (Fig. 2). In contrast, inflorescences have in 
general higher n-alkane concentrations than leaves, sheaths and stems. On the 
other hand roots have comparably low n-alkane concentrations.  

1)  Our study shows are large differences in n-alkane 
concen t ra t ions among d i f fe ren t o rgans : 
inflorescences > green organs > roots (Fig. 2). 

2)  There are large differences of n-alkane δ2H values 
from heterotrophic and autotrophic plant organs: 
inflorescences and roots > green organs (Fig. 3). 

3)  The δ2H variability among different organs may be 
the result of physiological mechanisms, where the 
origin of NADPH used in tissue formation might be 
particularly important. 

Acknowledgements 
We would like to thank Nadine Brinkmann and Marc-André 
Cormier for sampling the grass species at Alpweissenstein and, 
Prof. Tim Egglinton for the use of his laboratory for the lipid  
quantification at ETH Zurich 

Leaf wax n-alkanes are long chained hydrocarbons produced by terrestrial plants. Their hydrogen isotope ratios (δ2H) have been 
used as a proxy for environmental and plant ecophysiological processes. Calibration studies designed to resolve the mechanisms 
that determine the δ2H values of n-alkanes have exclusively focused on n-alkanes derived from leaves. It is therefore unclear in 
which quantities- n-alkanes are produced also by other plant organs such as roots or inflorescences. Moreover, there is insufficient 
information on the variability of n-alkane δ2H values in different tissues and organs within a plant.  
 

Fig. 2. n-alkane concentration (µg/mg organ dry weight).   
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The comparison of organ δ2H deviation from plant mean shows that 
the δ2H values of leaves, sheaths and stems were slightly lower 
than the overall mean δ2H values of a species, while inflorescences 
and roots show significantly higher δ2H values. The patterns we 
found were consistent for grasses from the temperate and the 
alpine site. Variable n-alkane δ2H values in different plant organs 
could be the result of different 2H-enrichment of biosynthetic water 
or are the result of differences in biosynthetic fractionation (e.g. H 
from different NADPH sources). 
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δ2H as Proxy for C Metabolism in Plants
Carbon transfer within a plant

à e.g. tissue formation of C autonomous vs. non-C autonomous plant organs
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Can δ2H inform on long-term shifts in C metabolism?
à Oldest ecological experiment
à Archived hay samples from 1860 – 2013

Stable Isotopes in Biological Archives
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Hydrogen Isotopes (δ2H)
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Hydrogen isotopes indicate metabolic changes in plants 
over the past century
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Hydrogen isotopes in plant-derived organic compounds as 
new tool to identify changes in the carbon metabolism of 

plants and ecosystems during the anthropocene

- HYDROCARB -

Prof. Ansgar Kahmen
University of Basel, Switzerland

Plants in a Changing Environment
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Ansgar Kahmen & Cristina Moreno-Gutiérrez 

Department of Environmental Sciences – Botany, University of Basel.

Do foliar δ15N values indicate a tighter 
nitrogen cycle in the 21st century? 
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Foliar δ15N Values …

... reflect inorganic N availability in the soil.

Kahmen et al. 2008, Oecologia; Craine et al. 2015, Plant and Soil
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Tansley review

© The Authors (2006). Journal compilation © New Phytologist (2006) www.newphytologist.org New Phytologist (2006) 172: 393–411

Review 401

CO2 effects on plant communities that have already estab-
lished close to steady-state fine root mass and LAI (canopy
closure) before the test commenced cannot propagate previ-
ous CO2 effects (the ramping in Fig. 3b–d), but they will
always propagate their previous life conditions and life history

into the response obtained after a step increase of CO2 con-
centration. Unfortunately, in the case of forests and in view of
tree generation times, we have little alternative to an experi-
mental step increase in CO2 concentration, because any prac-
tical ramping would still be far steeper than the actual rise of
CO2 in the atmosphere of 1.5–2 ppm yr−1. Hence, CO2
enrichment in these cases induces a step change in life condi-
tions, which may cause initial over-reactions (Luo & Rey-
nolds, 1999), followed by time-dependent adjustments to a
new growth regime, as permitted by factors other than CO2.
The only way to cope with such transitions from initial dis-
equilibrium to new equilibrium conditions is time series ana-
lysis over as many years as possible (Fig. 4). Key to any such
analysis is to account for individualistic or plot-specific growth
signals by covariant analysis or standardization by growth
before the treatment period (as can easily be achieved in trees
using tree ring analysis; Norby et al., 2001; Körner et al., 2005;
Asshoff et al., 2006). Because there are only three steady-state
forest CO2-nrichment experiments (referred to previous sections),
this issue has not yet been widely discussed.

VI. Plant CO2 responses per unit land area, 
a matter of definition

Most of the considerations discussed in previous sections
focused on growth of individual plants or plant stands, based
on raw data (biomass), simple to obtain and straightforward
to analyse. A next step is accounting for productivity per unit
land area, using a suite of approaches that require a lot of expert
skills and usually remain mysterious to nonexpert readers. I
noticed that, for the average reader, science journalist or
politician, it makes no difference if a text refers to growth or
production or net primary production (NPP) or net eco-
system production (NEP) or gross primary production
(GPP). For most people, these are synonyms and refer to
something one can touch or harvest. Scientists know that this
is not the case. There may be little or no change in the annual
increase in biomass stores (e.g. forest growth in the common
sense) but substantial gain in productivity. By definitions
developed during the International Biological Program (IBP)
in the late 1960s, following Boysen-Jensen (1932), NPP refers
to the annual accumulative amount of biomass produced per
unit land area, be it present (harvestable) or not (i.e. consumed
by animals, lost as litter or to symbionts etc. between census
intervals; Roy & Saugier, 2001). NPP excludes respiratory
losses by the living plant (c. half of all gross primary
production), but it treats decomposed (metabolized) organic
debris as ‘produced’. It also treats sugars exported to mycorrhiza
as ‘produced’. So sugar, which had been respired in the plant
body, is not treated as ‘produced’, but sugar exported from the
plant and metabolized by external consumers is treated as
‘produced’. Obviously, true NPP following this definition
cannot be measured and what is published as NPP are
approximations obtained by assessing at least changes in

Fig. 3 A schematic representation of four different types of CO2 
responses of plants when CO2 exposure is initiated at the seedling or 
rooted cutting stage (type II growth conditions). (a) No CO2 effect; 
(b) continuous CO2 effect combined with compound interest effects 
(expanding system), leading to exponential growth; (c) initial effects 
as in (b) but no further stimulation after completion of canopy and 
root volume expansion; (d) initial effect as in (b) but return to control 
biomass after completion of the expansive phase. (a) and (d) 
responses to a step increase in CO2 may be very rare in expanding 
systems, but are possible in steady-state systems (d incurs a period of 
negative effects); (b) is impossible in nature, because it contravenes 
the law of limiting resources (except for short periods), so variants of 
(c) are most likely. Note that the constant difference between the two 
solid lines after the breakpoint in (c) results in diminishing relative 
responses with time. E, elevated; A, ambient CO2 concentration; 
P, phase (time) shift in plant development.

Fig. 4 Schematic above-ground growth responses of forest trees 
to elevated CO2 in the three existing (type III) forest-scale 
CO2-enrichment experiments. E/A ratios (elevated vs ambient CO2) 
are for either annual tree basal area (Swiss) or above-ground biomass 
increment or net primary production (NPP; other experiments), which 
does not affect the overall trend of strong initial and reduced later 
CO2 responses. Duke I depicts the single free-air CO2 enrichment 
(FACE) ring pilot study (Oren et al., 2001), Duke II is for the 
replicated (n = 3) main experiment at Duke. Duke I + II offers the 
combined data for all four FACE rings at Duke using the data by 
Schäfer et al. (2003), with a variant (lowest dashed line, n = 1 + 2) 
without the single FACE ring that showed exceptionally high 
stimulation in year 4 for unknown reasons. The Oak Ridge data are 
from Norby et al. (2004), and the Swiss data are from Körner et al. 
(2005). For the sake of clarity, data points and error bars have been 
omitted, and trends were smoothed by hand.

Körner et al. 2005, New Phytologist

Responses of trees to elevated CO2
à The effects of elevated CO2 on forest growth decline and disappear 

over time in all experiments that have been done across the globe.
à Other drivers than CO2, in particular nutrients, limit the growth of 

forests.

Nutrient limitation of the C cycle
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BassiriRad et al. 2003, Global Change Biology

Foliar δ15N values suggest declining N availability under FACE

Nutrient limitation of the C cycle

Open bars:
ambient CO2

Closed bars:
elevated CO2
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Declining N availability in the 21st century?

Herbarium specimen from the Kansas prairie

MacLauchlan et al. 2011, New Phytologist
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Galloway et al. 2004, Biogeochemistry

à global atmospheric deposition of NOx, NH4
+

à up to 50 kg N/ha/yr

1990(mg m-2 yr-1)

2050

1860

Human footprint on the nitrogen cycle

Are we saturating terrestrial ecosystems with N?
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à 3120 specimen
à 74 plant species (42 forbs, 12 

grasses, 10 legumes, 10 
sedges)

à From different locations and 
altitudes in Switzerland since 
year 1820

Herbaria Basel

Sampling
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Declining N availability in the 21st century?
δ1

5 N
 (‰

) Site fertility based 
on Ellenberger 
and Landolt
Indicator values 

Gutierrez & Kahmen, unpublished

Declining foliar δ15N also in European ecosystems 
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Declining N availability in the 21st century?
δ1

5 N
 (‰

)
Declining foliar δ15N also in European ecosystems 

à Trend is dependent on site fertility

Gutierrez & Kahmen, unpublished

Site fertility based 
on Ellenberger 
and Landolt
Indicator values 
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Declining N availability in the 21st century?
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Declining N availability in the 21st century?

Heaton 1986, Chermical Geology

Are we seeing the δ15N fingerprint of deposited N?
à Reactive N in the atmosphere is15N depleted



© A. Kahmen, Dept. of Environmental Sciences - Botany, University of Basel Ascona 2017

Declining N availability in the 21st century?

δ1
5 N

 (‰
)

Gutierrez & Kahmen, unpublished

Are we seeing the δ15N fingerprint of deposited N?
à …. δ15N trends are independent of N deposition rate



© A. Kahmen, Dept. of Environmental Sciences - Botany, University of Basel Ascona 2017

Thank You


