
Two Broad Classes of Experimental Studies

1. Source Control of Isotope Composition

Assumption: Fractionation events are not important

Example: dD of stem water to identify patterns of water use

2. Physiological Control of Isotope Composition

Assumption: Fractionation events are important

Example: d13C of leaf tissue



d15N Research in Ecological Research

15N labeling studies have been popular in agricultural research

for decades (ex: pool dilution)

The original hope was that 15N at levels of natural

abundance could be used as a natural tracer

A B

Fractionation =0

-Source of nitrate in groundwater

-Contribution of nitrogen fixation

-Identification of sources of atmospheric deposition

Assumption



Original Assumption Is Not Correct

In Many Cases
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Element Isotope Abundance (%)

Nitrogen 14N 99.629 - 99.636
15N 0.364 - 0.371

Nitrogen Stable Isotopes
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Variation in Soil and Plants

From Fry, 1991



Variation in Soil and Plants

From Fry, 1991



Variation in Soil and Plants

Observations from Fry (1991)

1. Large variation

2. No correlation with precipitation

3. Soils more enriched than plants

4. N2-fixers near 0 ‰
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Variation in Soil and Plants

1. Each observation is the mean

of five samples from a single

species.

2. How can we observe more 

variation in a single site than

Fry (1991) observed across

all LTER sites (alpine to tropics:

arid to very wet)?

3. Stay tuned!

Kinsey and Evans, Unpublished Data
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Factors

1. Sources of Input

2. Sources of Loss

3. Internal Transformations



General Trends in Soil d15N

Values are usually positive (but there are exceptions)

Amundson et al. (2003)
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General Trends in Soil d15N

Observation: Soil d15N is usually positive and increases with depth

Mechanisms

1. d15N of nitrogen inputs into soil
2. Fractionation during internal transformations

3. Fractionation during nitrogen loss
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d15N of Input: N2 Fixation

N2(atmosphere) + 8e- + 16ATP + 16H2O        2NH3 + H2 + 16ADP + 16Pi + 8H+

Values for N2-fixation should be 0 ‰ if there is no fractionation
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Host #Species Discrimination (‰)

Azotobacter 4 1.2

Gycine max 1.5

Medicago sativa -0.2

Trifolium 2 -0.5

Vicia faba -0.2

Lupinus 2 0.0

Phaseolus vulgaris 1.5

Cyamopsis tetragonoloba -0.8

Dalea 2 1.7

Prosopis glandulosa 1.5

Lotus pendunculatus 0.1

Macroptillium atropurpureum 3.4

Discrimination Observed with N2-Fixation

From Shearer and Kohl, 1993

d15N of Input: N2 Fixation



From Fry, 1991

d15N of Input: N2 Fixation



Contribution of N Fixation ?



Careful selection of 

reference plant

General rule, reference

plant must be 8 to 10 ‰

different than 0.

d15N of Input: N2 Fixation



d15N of Input: Atmospheric Deposition

From: Heaton (1987)

Scientists hoped

to identify sources of 

pollutants based on 

their d15N values.



d15N of Input: Atmospheric Deposition

Wet deposition is

usually negative

Dry deposition is 

usually positive

From: Heaton (1986)



d15N of Input: Atmospheric Deposition
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Seasonal Variation

1. Change in source?

2. Change in intensity?



d15N of Input: Atmospheric Deposition

Seasonal Variation

1. Change in source?

2. Change in intensity?

From: Heaton (1986)



d15N of Input: Atmospheric Deposition

Bragazza et al. (2004, 2005)

-Sixteen sites across 11 European countries

-Atmospheric deposition gradient from 1 to 20 kg N ha-1 y-1

-Measured d15N of mosses

Parameter P-Value

Total Deposition 0.13

Annual Temperature 0.87

Annual Precipitation 0.63



d15N of Input: Atmospheric Deposition

Parameter P-Value

NHx / NOx Quotient <0.01

Bragazza et al. (2005)



Pichlmayer et al. (1998)

d15N of Input: Atmospheric Deposition

Attempt to reconstruct

sources of nitrate in 

atmospheric deposition

Correlate ratios with known

storm tracks



Pichlmayer et al. (1998)

d15N of Input: Atmospheric Deposition



d15N of Input: Atmospheric Deposition

Throughfall           Canopy (calculated)          Rainfall

NO3 4.7                              12.0                            0.9

NH4 2.6                                4.0                           -5.6

-

+

From: Heaton (1997)
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Vitoria et al. (2004)

d15N of Input: Fertilizer

Total NO3
-

NH4
+



General Trends in Soil d15N

Observation: Soil d15N is usually positive and increases with depth

Mechanisms

1. d15N of nitrogen inputs into soil

2. Fractionation during internal transformations
3. Fractionation during nitrogen loss



Soil d15N

Transformations

Plant d15N

Lecture – Part 1
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Process Observed Discrimination 

(‰)

Mineralization 0

NH4
+ : NH3 Equilibrium 20 to 27

Volatilization 29

Diffusion in Solution 0

Nitrification 0 to 35

Denitrification 0 to 33

Högberg (1997)

Shearer and Kohl (1990)



Soil Nitrogen Transformations
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0 to 35 ‰

Why the variation (Shearer and Kohl, 1990)?

1. Processes limited by substrate availability (diffusion)

2. Multiple substrates for same product (N2O, NO)

3. Multiple fates for each substrate (NH4
+, NO3

-)



Soil Nitrogen Transformations: d15N of Inorganic N

Assumption Made in Many Studies
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Soil Nitrogen Transformations: d15N of Inorganic N
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Soil Nitrogen Transformations: d15N of Inorganic N

TN   NH4     NO3   Fir Alder TN   NH4     NO3   Fir Alder



Soil Nitrogen Transformations: d15N of Inorganic N

Herman and Rundel (1989)



Soil Nitrogen Transformations: d15N of Inorganic N

DDI Extract KCl Extract Bound (calculated)

Site One

NO3
- Concentration 5.1 mg / g 6.4 mg / g 1.3 mg / g

NO3
- d15N 6.4 ‰ 4.5 ‰ -2.9 ‰

Site Two

NO3
- Concentration 8.6 mg / g 10.5 mg / g 1.9 mg / g

NO3
- d15N 5.3 ‰ 1.4 ‰ -16.3 ‰

Role of Extractant

From: Herbel and Spalding (1992)



Soil Nitrogen Transformations: d15N of Inorganic N

Observations by Robinson (2001) on d15N Measurements of Inorganic N

1. Methods developed for enriched samples may not be

appropriate.

2. It is critical to avoid fractionation during isolation

(ex. Diffusion or ion exchange may not be appropriate).

3. Avoid contamination.  Organic N will be included in most

methods developed for ammonium.

4. Use methods developed explicitly for natural abundance.

Three are available for nitrate, none for ammonium.



General Trends in Soil d15N

Observation: Soil d15N is usually positive and increases with depth

Mechanisms

1. d15N of nitrogen inputs into soil

2. Fractionation during internal transformations

3. Fractionation during nitrogen loss



Soil d15N

N Losses

Plant d15N

Lecture – Part 1



Nitrogen Loss: Volatilization

d15N

GrazedNot Grazed

From: Frank and Evans (1997)

How can grazers

increase soil d15N?



From: Frank and Evans (2004)

Nitrogen Loss: Volatilization

Elk and bison urine leads

to an increase in 

volatilization

NH3 is becomes enriched 

over time
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From: Frank and Evans (2004)

f

0.40.60.81.0

d
1
5

N
 (‰

)

-40

-20

0

20

40

Model - Cumulative Ammonia

Model - Ammonium in Soil

Model - Instantaneous 
  Ammonia Production

Nitrogen Loss: Volatilization

Fractionation during

volatilization enriches

remaining ammonium

in soil, and this enriched

ammonium is immobilized

by soil microbes, 

retaining it in the soil



Nitrogen Loss: Nitrification and Denitrification

From: Perez et al. (2001)

Same pattern observed

for nitrification and 

denitrification



Soil Nitrogen Transformations
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Nitrogen Loss: Nitrification and Denitrification

From: Perez et al. (2001)

Same pattern observed

for nitrification and 

denitrification



Soil d15N

Models and Patterns of Soil d15N

Plant d15N

Lecture – Part 1



General Models of Soil d15N

From: Nadelhoffer and Fry (1994)

Input

Loss



General Models of Soil d15N

From: Nadelhoffer and Fry (1988)

Role of differential preservation of

compounds that have different

isotope composition?

Long-term incubation

No difference in d15N of nonpolar

extracts, hot water solubles, 

holocellulose, and lignin



General Models of Soil d15N

Aliphatic / O-Alkyl is a measure of

humification

Kramer et al. (2003)



General Models of Soil d15N

From: Brenner et al. (2001)

N2-Fixation Deposition

Soil and Plant N

N Losses

Steady-State Conditions

Ns: Soil N (kg / m2)

Iex, Ifix: Inputs from deposition and fixation (kg m-2 y-1)

kex: Fractional rate of loss (y-1)

Rs: Isotope ratio of soil organic matter

Rex, Rfix: Isotope ratio of inputs

Rtotal: Weighted mean isotope ratio of inputs

aex: “Apparent fractionation factor”

-
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General Models of Soil d15N

Input

Loss

   

Rs =
RexIex + RfixI fix

Iex + I fix
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PDF download

• https://nextcloud.bgc-

jena.mpg.de/s/yP83SARmDSQjBAq
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What Controls Plant d15N?
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What Controls Plant d15N?

The Perfect World

1. No observed discrimination 

with uptake of N

2.  Leaf d15N reflects that of the

entire plant.

3.  If 1 and 2 are true, then leaf

d15N reflects that of the N 

source, and leaf d15N can be 

used as a tracer.

Kinsey and Evans, Unpublished Data
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What Controls Plant d15N?

The Perfect World

1. No observed 

discrimination 

with uptake of N

2.  Leaf d15N reflects that of the

entire plant.

3.  If 1 and 2 are true, then leaf

d15N reflects that of the N 

source, and leaf d15N can be 

used as a tracer.
Kinsey and Evans, Unpublished Data



What Controls Plant d15N?

Steps

1. Absorption

2. Translocation

3. Assimilation
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What Controls Plant d15N?



What Controls Plant d15N?

Pritchard and Guy (2005)

Substrate Depletion Experiments

Simultaneously measure nutrient solution 

concentration and isotope composition as plants

deplete the nutrient in solution

The isotope ratio of the solution should increase

if fractionation occurs during uptake and 

assimilation

Plot d15N of solution versus concentration according

to Rayleigh distillation model.  The slope is the 

observed discrimination



What Controls Plant d15N?

(N)out
F1
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AssimilationUptake
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Mariotti et al. (1981)

based on Sharkey

and Berry (1985)

F1 >> F3  : Discrimination will be observed

F1 = F3    : No discrimination will be observed

No enzyme in root : “b” not expressed



What Controls Plant d15N?
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What Controls Plant d15N?

The Perfect World

1. No observed discrimination 

with uptake of N

2.  Leaf d15N reflects that 

of the entire plant.

3.  If 1 and 2 are true, then leaf

d15N reflects that of the N 

source, and leaf d15N can be 

used as a tracer.

Kinsey and Evans, Unpublished Data



What Controls Plant d15N?



The d15N (mean + standard error) of source NO3
-, whole-plants, roots, leaves, and 

root and leaf NO3
- for Brassica campestris and Lycopersicon esculentum.

Species             Source       Plant            Root          Root NO3
- Leaf            Leaf NO3

-

Brassica          10.3          10.1              4.9              12.4            10.6               25.0

Lycopersicon            1.8 ± 0.1  2.5 ± 0.4     -0.1 ± 0.4     11.1 ± 1.7     3.3 ± 0.6      14.0 ± 4.6

From: Evans (2001)

What Controls Plant d15N?



What Controls Plant d15N?



What Controls Plant d15N?

Werner and Schmidt (2002)



What Controls Plant d15N?

Werner and Schmidt (2002)



What Controls Plant d15N?

Werner and Schmidt (2002)



What Controls Plant d15N?



What Controls Plant d15N?

Resorption and Reallocation of N

NH4
+ NO3

- 15NH4
+ 15NO3

-

From: Kolb and Evans (2002)

No Fertilizer

Fractionation with

resorption?
Effect of 

resorption?

% Contribution of

Stored N?



What Controls Plant d15N?

Resorption and Reallocation of N

Discrimination is 

observed when 

stored N is the only

N source

From: Kolb and Evans (2002)



What Controls Plant d15N?

Resorption and Reallocation of N

However, the contribution

of stored N is minimal

From: Kolb and Evans (2002)



What Controls Plant d15N?

Resorption and Reallocation of N

From: Kolb and Evans (2002)

Discrimination not

observed with:

1. Resorption

2. Reallocation



What Controls Plant d15N?





What Controls Plant d15N?

Mycorrhizae

From: Högberg (1990)



What Controls Plant d15N?

Mycorrhizae

From: Högberg (1990)



What Controls Plant d15N?

Mycorrhizae

From: Michelsen et al. (1998)



What Controls Plant d15N?

From: Högberg et al. (1999)

Mycorrhizae – Fractionation with transfer to plant



From: Hobbie and Colpaert (2003)

What Controls Plant d15N?

Greater fungal biomass leads to

greater fractionation

Tr is the fraction of total system

nitrogen in the plant

Mycorrhizae – Fractionation with transfer to plant



What Controls Plant d15N?

From: Hobbie et al. (1999b)

Mycorrhizae – Fractionation with transfer to plant



What Controls Plant d15N?



Soil d15N Plant d15N

Patterns and Gradients of Plant d15N

Lecture – Part 2



Schimel and Bennett (2004)

What Controls Plant d15N?



Schimel and Bennett (2004)

What Controls Plant d15N?



Plant d15N Patterns and Gradients

Swap et al. (2004)

Nutrient availability 

varies inversely with 

precipitation

N cycles in arid sites 

are more open



Austin and Vitousek (1998)

Hawaii

Plant d15N Patterns and Gradients



Schulze et al. (1998)Australia

Plant d15N Patterns and Gradients



Schulze et al. (1998)

Australia

Plant d15N Patterns and Gradients



Austin and Sala (1999)

response to Schulze

et al. (1998)

Plant d15N Patterns and Gradients



Schulze et 

al. (1999)

response 

to Austin 

and Sala 

(1999)

Plant d15N Patterns and Gradients



From Fry, 1991

Plant d15N Patterns and Gradients



Observations from Fry (1991)

1. Large variation

2. No correlation with precipitation

Plant d15N Patterns and Gradients



Amundson et al. (2003)

Plant d15N Patterns and Gradients



Amundson et al. (2003)

Nutrient cycles in arid or

warm regions are more

open leading to greater

N loss

Cooler or colder regions

retain relatively more N

Plant d15N Patterns and Gradients



What about higher tropic levels?

• You are what you eat

• Plus a few permil



Throphic enrichments

Hobson and Welch, 1992



Throphic enrichments



Throphic enrichments

Vander Zanden and Rasmussen, 2001
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